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ABSTRACT 
 

In the last decades evidence has been collected that the depletion of the visual magnocellular 
population (a fast-conduction cellular system made of large ganglion neurons) plays a 
pathogenetical role in developmental dyslexia. Smaller size of the magnocells and reduction of their 
overall number in a proportion of disabled readers, in fact, are believed to hamper the visual 
processing of the written text. 
Polyunsaturated fatty acids (PUFAs) are important structural parts of the cellular membrane and of 
the cytoskeleton, and are pivotal for the correct development and functioning of neurons. 
Magnocells are thought to be particularly vulnerable to PUFAs deficiency, due to the large extent of 
their plasma membrane: so, reduced availability of polyunsaturated fatty acids is argued to 
selectively affect the magnocellular population. 
Indeed, PUFAs deficiency has been reported in a consistent proportion of disabled readers. This 
finding has led to hypothesize this deficiency may play a main role in the reading problems of 
patients by hindering the normal development of their magnocellular pathway. 
Based on these assumption there is some evidence that dietary supplementation with a predefined 
combination of omega-3 and omega-6 fatty acids has a beneficial effect on the reading 
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performance and behavior of dyslexics. Here the rationale for this line of intervention is reported.  
The conclusion is that supplementation of dyslexic children with PUFAs is worth to be considered, 
despite its effectiveness in improving their academic skills needs further clarification. 
 

 
Keywords: Dyslexia; fatty acids; magnocellular; supplementation. 
 
1. INTRODUCTION 
 
Developmental dyslexia is a specific reading 
disability that affects approximately 4-10% of the 
scholar population [1,2]. A growing body of 
evidence is supporting the involvement of the 
visual function in the pathogenesis of this clinical 
condition. In the last decades, in fact, a number 
of dyslexic children is found to suffer from 
reduced sensitivity at high temporal and low 
spatial frequencies, reduced critical frequency 
fusion, defective motion perception, or increased 
visual persistence time. Since these functions 
are processed by the magnocellular (M-) 
pathway, it has been argued that in general 
patients have a defect in their magnocellular pool 
(see for example [3]).  
 
The visual processing of an image, indeed, is 
provided by two distinct and parallel retinocortical 
pathways: the magnocellular (M-) or transient 
system and the parvocellular (P-) or sustained 
system. The M-system is made of larger ganglion 
cells, arranged in wider receptive fields. The P-
system is made of small ganglion cells and 
arranged in receptive fields of small size. 
Magnocells make up about 5-10% of the 
ganglionar population, while parvocells constitute 
almost 90% of the retinal neurons. Like their 
anatomical features, also information carried by 
the M- and P-cells is different and basically 
complementary. Magnocells are mainly sensitive 
to contrast at low spatial and high temporal 
frequencies, and to moving stimuli. In turn, 
parvocells are mainly sensitive to contrast at high 
spatial and low temporal frequencies, to colors, 
and are in charge of the detection of fine details 
(visual acuity). 
 
To date, there is no pharmacological therapy to 
cure the supposedly impaired M-visual pathway 
of dyslexics, so that visual training procedures 
(e.g [4,5]) and compensative interventions so far 
remain the only options to help them read better.  
 
Yet, the integration with omega-3 and omega-6 
polyunsaturated fatty acids, two substances that 
play an important role for health in general and 
promote the normal development of the child, is 
recently gaining consent to treat not only the 

lexical disability per se, but also the behavioral 
disorders frequently associated with this clinical 
condition. 
 
Polyunsaturated fatty acids (PUFAs) are alkyl-
chain fatty acids with two or more ethylenic 
double bonds. Based on the position of the 
double bonds along the carbon backbone, 
PUFAs are classified into two subgroups: 
omega-6 and omega-3 fatty acids.  
 
Both types are essential for health. omega-3 
alpha-linolenic acid and omega-6 linoleic acid 
cannot be synthesized by the organism [6], but 
must be obtained as part of the dietary intake, 
and are therefore called essential fatty acids 
(EFAs). From the essential fatty acids the 
organism synthesizes the omega-3 
eicosapentaenioc (EPA) and docosahexaenoic 
acid (DHA), and the omega-6 gamma-linolenic 
acid (GLA), dihomogamma-linolenic acid 
(DGLA), and arachidonic acid (AA) (Table 1). 
 
DHA and AA play a main role in the composition 
of the cellular membrane of the neurons [7]. 
 
The cellular membranes are made of a double 
layer of phospholipids, which a fatty acid linked 
to the second atom of the carbon chain (position 
SN-2) of the phospholipidic molecule. The 
membrane is continually repaired and renewed 
by a metabolic cycle driven by the cytosolic 
phospholipase A2 enzyme (PLA2). PLA2 takes 
off the fatty acid from the SN-2 position, turning it 
into its free form. The fatty acid is then renewed, 
and placed back in the same location on the 
phospholipidic molecule [8,9].  
 
In addition, phospholipids are structurally 
involved in the formation of the cytoskeleton. 
 
The renewal process requires large amounts of 
polyunsaturated fatty acids, in particular 
arachidonic, docosahexaenoic, diomogamma-
linolenic, and eicosapentaenoic acid. In the fetus 
and in the early postnatal period these 
substances are provided by the mother 
respectively via the placenta and breast milk, 
whereas in adults PUFAs are derived, as 
reported, via synthesis from the precursors α-
linolenic and linolenic acid. 
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Table 1. Polyunsaturated fatty acids 
 

 
 
2. POLYUNSATURATED FATTY ACIDS 

DEFICIENCY AND THE VISUAL 
SYSTEM 

 
Polyunsaturated fatty acids (omega-3 and 
omega-6) make up a consistent proportion of the 
dry weight of the brain, and appear of outmost 
importance for its proper anatomo-functional 
development [10]. As a matter of fact, 
polyunsaturated fatty acids are pivotal for the 
maturation and functioning of the visual neurons, 
in particular of the ganglion cells. DHA and AA 
are responsible for the fluidity of the plasma 
membrane (DHA), help cells to reach their final 
size (AA and DHA), and contribute to correct cell 
signalling [11]; in turn, EPA and DGLA are 
essential for the regulation of the brain function 
[7]. 
 
Ganglion neurons, indeed, are very susceptible 
to omega-3 PUFAs deprivation, as suggested by 
their consistent omega-3 intake at the retinal 
level [12]. Such deprivation affects not only their 
soma [13] but also the myelin sheath wrapping 
their axons: reduced dietary intake of PUFAs 
(especially of DHA), in fact, is related to 
abnormal myelination of the visual pathway [14], 
functionally revealed in preterm newborn children 
by impaired visual evoked potentials [15].  
 
Dietary depletion of docosahexaenoic acid is 
found to reduce the size of neurons in different 
brain regions of rats [16]. Among these neurons, 
magnocellular-type ganglion cells are thought to 

be particularly vulnerable to deficiency of 
polyunsaturated fatty acids, especially of DHA: 
the reason for their susceptibility is the extent of 
their membrane, so large as to require extra-
amount of PUFAs for its structural turnover 
compared to the parvocells [10]. This hypothesis 
is indirectly supported by Zavodnik et al. [17], 
who found in their in vivo study that in presence 
of low concentrations of free fatty acids human 
red cells were smaller, and they increased in 
diameter as the concentration was raised. 
 
Fatty acids linked to the phospholipidic 
molecules are important structural parts also of 
the cytoskeleton, a complex network of 
interlinking tubules and filaments located in the 
cytoplasm. The cytoskeleton is the second main 
factor determining the size and shape of the 
neurons [18].   
 
As a matter of fact, phospholipids interact with 
the microtubules associated proteins (MAP), the 
main constituents of the cytoskeleton and 
responsible for its assembly and stability [19]. 
Phospholipidic deficiency following PUFA 
depletion, therefore, will affect not only the 
plasma membrane but also the cytoskeleton 
composition, eventually preventing the large 
ganglion cells from reaching their normal size. 
 
In summary, PUFAs deficiency during the 
developmental age is expected to cause 
selective depletion of the large ganglion cells, 
that will appear restricted in size, making them 
resemble parvocells. 
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3. DEFECTIVE MAGNOCELLULAR 
STRUCTURE AND FUNCTION IN 
DYSLEXICS 

 
A wide strand of psychophysical (e.g. [20-30]), 
electrophysiological [e,g. [31-37]), and functional 
imaging research [38-40] strongly suggests that 
the magnocellular pathway is abnormal in a 
consistent number of dyslexics. The defective 
functional pattern in patients would stem from 
abnormal cytologic structure, namely from 
reduced size of the M-cells. Livingstone and 
Galaburda confirmed this suggestion examining 
the lateral geniculate nucleus of 5 dyslexic (four 
males, one female, mean age: 34.2±13.7years) 
and 5 non-dyslexic subjects (all males, mean 
age: 40±11.2 years). The examined brains had 
been used by Galaburda in previous anatomical 
studies. Despite considerable overlapping of the 
measurements in the two groups, in patients the 
ventral (magnocellular) layers were disorganized 
and magnocells in average were smaller by 27% 
compared to the size of normal readers. On the 
contrary, no difference was found between 
dyslexics and controls in the histological 
structure of the dorsal (parvocellular) layers and 
in the size of the parvocells [31,41] (Fig. 1). 
  

 
 

Fig. 1. Size of M- and P-cells of the lateral 
geniculate body in normal and dyslexic 

readers. (Data inferred from  
Livingstone et al. [31]) 

 
On the basis of the experimental evidence 
showing that defective M-pathway contributes to 
the reading disability, considered on the one 
hand that the M-population is impoverished in 
dyslexics, with the large ganglion neurons 
reduced in size, on the other that PUFAs are 
essential for the normal development of such 
neurons, it stands to reason that reduced amount 
of PUFAs may be related to the reading disability 
in dyslexic patients. 

4. EVIDENCE FOR ABNORMAL 
METABOLISM OF POLYUNSATU-
RATED FATTY ACIDS IN DYSLEXICS 

 
The dietary intake of omega-3 (especially EPA 
and DHA) fatty acids is often deficient in western 
populations [42], and is often associated with 
lack of minerals and vitamins as Zinc, 
Magnesium, Vitamin B3, B6, and C [7]. In 
addition, habits like high assumption of saturated 
fatty acids, smoking, alcohol and coffee 
consumption further reduce PUFAs 
biodisponibility [43]. In subjects with allergic 
diathesis and in particular genetically-related 
defects of fatty acids metabolism, PUFAs 
depletion may be particularly relevant. This can 
be, indeed, the case of dyslexics. 
 
Defective PUFAs metabolism due to abnormally 
high seric concentration of phospholipase A2, 
reduced incorporation of docosahexaenoic acid, 
arachidonic acid, and, ultimately, phospholipids 
into cell membranes has been documented in 
disabled readers [8,44-46]. Indeed, mild clinical 
signs of fatty acid deficiency, namely rough and 
dry skin and hair, weak and soft fingernails, 
dandruff, follicular keratosis, polydipsia, and 
pollakiuria, have been reported in these patients 
[47-49], and confirmed with biochemical testing 
in a dyslexic boy [47]. In turn, boys with lower 
plasma omega-3 polyunsaturated fatty acids 
showed more learning problems compared to 
those with higher concentrations [50], and the 
severity of these signs is found to correlate with 
the degree of reading and spelling disability [48, 
49]. Notably, the relationship between PUFAs 
deficiency and reading performance was evident 
in males but not in females: this is not 
unexpected, as fatty acids needs in males is 
higher compared to females, as suggested by 
studies with animal models [51,52]. This 
discrepancy could explain the higher prevalence 
of reading disability in males (1.69 to 1, 
according to Miles et al. [53]) and, as suggested 
by Richardson et al. [48], it could be accounted 
for by beneficial hormonal effects (oestrogen in 
particular) on both synthesis and retention of 
PUFAs in females [54] (see [55] for a review). 
 
In the overall dyslexic population studied by the 
group of Richardson, clear clinical signs of fatty 
acid deficiency was found in 32% of subjects, 
with no statistical difference between males and 
females (P>.05). In a previous study a 
consistently lower proportion (9%) was found in 
normal boys [56].  
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In summary, to quote Richardson et al.: “[..] fatty 
acid deficiency may be a factor in at least a 
substantial proportion of children with dyslexia, 
and accords very well with the single case of a 
dyslexic child reported so observantly by Baker 
[47]” [48].  
 
5. POLYUNSATURATED FATTY ACIDS 

DIETARY SUPPLEMENTATION IN 
DYSLEXIA 

 
As reduced amount of PUFAs seems involved in 
reading disability, dietary PUFAs 
supplementation should improve reading 
performance via normalization of the 
magnocellular structural deficiency in disabled 
readers.  
 
Indeed, as recalled by Richardson and Phil [7], 
there is abundant anecdotal evidence of the  
effectiveness of PUFAs supplementation in 
treating dyslexia and related disorders: for 
example, Baker more than 30 years ago 
described the case of Michael, a dyslexic boy 
with the typical signs of fatty acid deficiency (dry 
and dull skin and hair, dandruff, soft and frayed 
fingernails, excessive thirsts and frequent 
urination) who showed substantial improvement 
in school performance after PUFAs dietary 
supplementation [47]. Yet, randomized controlled 
trials aimed at confirming the real benefit of these 
substances and at establishing what is the best 
formula and dosage are difficult to carry out. 
 
In a double masked crossover investigation, the 
Oxford-Durham Study, 117 children aged 
between 5 and 12 years affected by 
developmental coordination disorder (DCD), a 
clinical condition that involves reading difficulty, 
were administered ω-3 (DHA and EPA) and ω-6 
(GLA) fatty acids for three months [57].  
 
Before treatment reading and spelling ages of 
patients were about 1 year below their 
chronological age. After 3 months of 
supplementation, mean reading and spelling age 
increased in the treated sample by 9.5 and 6.6 
months, respectively, versus 3.3 and 1.2 months 
in the placebo group.  
 
After the crossover, the improvement was 
confirmed in the treated group and reading age 
increased by 13.5 months in the ex-placebo 
subjects. In turn, spelling age improved by 6.2 
months. The progress continued with the 
prosecution of the treatment during the following 
3 months. 

The authors highlighted that children 
supplemented with fatty acids made 3-4 times 
the expected normal gain in reading, and two 
times the expected gain in spelling. Importantly, 
they reported absence of side effects. 
 
These results have been further confirmed in a 
group of 20 dyslexic children, who showed 
reading rate increase by 60% after 4 months of 
supplementation with DHA fish oil and evening 
primrose oil  (rich in GLA and linoleic acid: [58]). 
 
Not unexpectedly, the effect of supplementation 
with DHA in disabled readers would start at the 
lowest (retinal) level of the visual pathway: in 
fact, dark adaptation (scotopic vision), defective 
in dyslexics, is found to recover after dietary 
intake of DHA [59]. 
 
It should be noted, finally, that PUFAs dietary 
intake seems to affect positively not only the 
reading performance of  dyslexic children, but 
also their ADHD-related symptoms: in disabled 
readers aged 8-12, 12 weeks-daily 
supplementation with EPA, DHA, GLA, AA, cis-
linolenic acid, and (as antioxidant) vitamin E 
(delta-tocopherol), as well as thyme oil, has 
proven capable of significantly improving some 
comorbid ADHD features, that is psychosomatic 
problems, inattention, hyperactivity, impulsivity, 
and especially anxiety and cognitive problems, 
as computed at the Conners’ Parent Rating 
Scale (CPRS-L) [60].  
 
6. CONCLUSION 
 
In conclusion, there is rational basis in support of 
polyunsaturated fatty acids supplementation as a 
safe approach to help dyslexics read better and 
succeed in their academic skills, even if the 
benefit of this type of treatment needs to be 
clarified. As highlighted by Richardson and Phil 
[7] not all the dyslexics will benefit from the 
treatment, but those who show evident signs of 
fatty acid deficiency are more likely candidates to 
substantial improvement. Notwithstanding, “a 
high dietary intake of HUFA is associated with 
many positive health benefits, so there should be 
little if anything to lose from trying such 
supplementation in the context of an 
appropriately balanced diet” [7]. 
 
Under a prevention perspective, it is worth 
recalling that a lack of the relevant dietary 
PUFAs in pregnant women could “[..] starve the 
fetus of the material needed to build neuronal 
processes.” [10]. In addition, it is revealing what 
stated by Ahmad et al. [16], that is in the United 



 
 
 
 

Aleci; JAMPS, 12(4): 1-9, 2017; Article no.JAMPS.32962 
 
 

 
6 
 

States human infant milk formulas are deficient in 
docosahexaenoic acid, and as docosahexaenoic 
acid deficiency reduces the size of the ganglion 
cells, infants fed with artificial milk may have 
smaller neurons compared to breast-fed children. 
According to what reported in literature and 
summarized in this paper, this would expose 
them to higher risk of developing reading 
disabilities and associated developmental 
disorders.  
 
Finally, abnormalities of fatty acid metabolism 
seem to contribute not only to dyslexia but also 
to other developmental disorders like attention-
deficit/hyperactivity disorder (ADHD) and 
dyspraxia (that in fact occurs in up to half of the 
dyslexic population: [7]), as well as schizophrenia 
and the autistic spectrum [61]: PUFAs 
supplementation benefit, therefore, could not be 
restricted to disabled readers but might even 
extend to this class of clinical conditions. 
 
In conclusion, there is mounting evidence based 
on biochemical and behavioral studies of an 
involvement of fatty acid deficiency in dyslexia: 
based on this evidence, developing food 
supplements aimed at normalizing the intake of 
fatty acids in dyslexic children could be a 
promising therapeutic strategy to help them read 
better. 
 
CONSENT 
 
It is not applicable.  
 
ETHICAL APPROVAL 
 
It is not applicable.  
 

COMPETING INTERESTS 
 
Author has declared that no competing interests 
exist. 
 
REFERENCES 
 
1. Rutter M. Prevalence and types of 

dyslexia. In: Benton & Pearl, editors. 
Dyslexia: An Appraisal of Current 
Knowledge. New York: Oxford University 
Press; 1978. 

2. Shaywitz SE, Shaywit BA, Fletcher JM, 
Escobar MD. Prevalence of reading 
disability in boys and girls: Results of the 
connecticut longitudinal study. JAMA. 
1990;264(8):998-1002. 

3. Stein JF, Walsh V. To see but not to read: 
The magnocellular theory of dyslexia. 
Trends Neurosci. 1997;20(4):147-52. 

4. Aleci C, Belcastro E, Canavese L. Visual 
training helps improve reading in dyslexic 
children with abnormal crowding. 
Ophthalmology Research: An International 
Journal. 2015;3(3):85-94. 

5. Aleci C, Cafasso R, Canavese L. 
Improving crowding in dyslexic children by 
visual training: Conflicting results from a 
single masked cross-over pilot study. 
British Journal of Medicine & Medical 
Research. 2014;4(20):3720-33. 

6. Burr GO, Burr MM. A new deficiency 
disease produced by the rigid exclusion of 
fat from the diet. J. Biol. Chem. 1929;82: 
345-67. 

7. Richardson A, Phil D. Fatty acids in 
dyslexia, dyspraxia, ADHD and the autistic 
spectrum. Nutrition Pratictioner. 2001;3(3): 
18-24. 

8. Horrobin DF, Glen AI, Hudson CJ. 
Possible relevance of phospholipid 
abnormalities and genetic interactions in 
psychiatric disorders: The relationship 
between dyslexia and schizophrenia. Med 
Hypotheses. 1995;45(6):605-13. 

9. Horrobin DF, Bennett CN. New                        
gene targets related to schizophrenia                  
and other psychiatric disorders:                
enzymes, binding proteins and transport 
proteins involved in phospholipid and                  
fatty acid metabolism. Prostaglandins 
Leukot Essent Fatty Acids. 1999;60(3): 
141-67. 

10. Taylor KE, Richardson AJ. Visual function, 
fatty acids and dyslexia. Prostaglandins 
Leukot Essent Fatty Acids. 2000;63(1-2): 
89-93. 

11. Nunez EA. Fatty acids and cell signaling. 
Prostaglandins Leukot Essent Fatty Acids. 
1993;48(1):1-4. 

12. Gordon WC, Bazan NG. Docosahexaenoic 
acid utilization during rod photoreceptor 
cell renewal. J Neurosci. 1990;10(7):2190-
202. 

13. Nguyen CTO, Vingrys AJ, Bui BV. Dietary 
omega-3 fatty acids and ganglion cell 
function. Invest Ophthalmol Vis Sci. 2008; 
49(8): 3586-94. 

14. Di Biase A, Salvati S. Exogenous lipids             
in myelination and demyelination. 
KaoHsiung. J Med Sci. 1997;13:19-29. 



 
 
 
 

Aleci; JAMPS, 12(4): 1-9, 2017; Article no.JAMPS.32962 
 
 

 
7 
 

15. Faldella G, Govoni M, Alessandroni R, 
Marchiani E, Salvioli GP, Biagi PL, Spano 
C. Visual evoked potentials and dietary 
long chain polynsaturated fatty acids in 
preterm infants. Arch Dis Child Fetal 
Neonatal Ed. 1996;75(2):108-12. 

16. Ahmad A, Moriguchi T, Salem N. Decrease 
in neuron size in docosahexaenoic acid-
deficient brain. Pediat Neurol. 2002;26(3): 
210-8. 

17. Zavodnik IB, Zahorowski A, Niekurzak A, 
Bryszewska M. Effect of free fatty acids on 
erythrocyte morphology and membrane 
fluidity. Biochem Mol Biol Int. 1997;42(1): 
123-33. 

18. Olsen MK, Reszka AA, Abraham I. KT5720 
and U-98017 inhibit MAPK and alter the 
cytoskeleton and cell morphology. J Cell 
Physiol. 1998;176(3):525-36. 

19. Fawcett JW, Mathews G, Houdsen E, 
Goedert M, Matus A. Regenerating sciatic 
nerve axons contain the adult rather than 
the embryonic pattern of microtubule 
associated proteins. Neuroscience. 1994; 
61(4):789-804. 

20. Lovegrove WJ, Martin F, Bowling A, 
Blackwood M, Badcock D, Paxton S. 
Contrast sensitivity functions and specific 
reading disability. Neuropsychologia. 1982; 
20(3):309-15. 

21. Martin F, Lovegrove WJ. The effects of 
field size and luminance on contrast 
sensitivity differences between specifically 
reading disabled and normal children. 
Neuropsychologia. 1984;22(1):73-7. 

22. Martin F, Lovegrove WJ. Uniform-field 
flicker masking in control and specifically-
disabled readers. Perception. 1988;17(2): 
203-14. 

23. Borsting E, Ridder WH, Dudeck K, Kelley 
C, Matsui L, Motoyama J. The presence of 
a magnocellular defect depends on the 
type of dyslexia. Vis Res. 1996;36(7):1047-
53. 

24. Cornelissen PL, Richardson AR, Mason A, 
Fowler MS, Stein JF. Contrast sensitivity 
and coherent motion detection measured 
at photopic luminance levels in dyslexics 
and controls. Vis Res. 1995;35(10):1483-
94. 

25. Raymond JE, Sorensen E. Visual motion 
perception in normal children with dyslexia: 
Normal detection but abnormal integration. 
Vis Cogn. 1998;5(3):389-404. 

26. Talcott JB, Hansen PC, Willis-Owen C, 
McKinnell IW, Richardson AJ, Stein J. 
Visual magnocellular impairment in              
adult developmental dyslexics. 
Neuroophthalmol. 1998;20(4):187-201. 

27. Talcott JB, Hansen PC, Assoku EL, Stein 
JF. Visual motion sensitivity in dyslexia: 
evidence for temporal and energy 
integration deficits. Neuropsychologia. 
2000;38(7):935-43. 

28. Badcock DR, Lovergrove WJ. The effect of 
contrast, stimulus duration and spatial 
frequency on visible persistence in normal 
and specifically disabled readers. J Exp 
Psychol Hum Percept Perform. 1981;7(3): 
495-505. 

29. Slaghuis WL, Lovergrove WJ. Flicker 
masking of spatial frequency dependant 
visible persistence and specific reading 
disability. Perception. 1984;13(5):527-34. 

30. Slaghuis WL, Lovergrove WJ. Spatial-
frequency-dependent visible persistence 
and specific reading disability. Brain Cogn. 
1985;4(2):219-40. 

31. Livingstone MS, Rosen GD, Drislane FW, 
Galaburda AM. Physiological and 
anatomical evidence for a magnocellular 
defect in developmental dyslexia. Proc Natl 
Acad Sci USA. 1991;88(18):7943-7. 

32. Lehmkuhle S, Garzia RP, Turner L, Hash 
T, Baro JA. A defective visual pathway in 
children with reading disability. N Engl J 
Med. 1993;328(14):989-96. 

33. Kubovà Z, Kuba M, Peregrin J, Nováková 
V. Visual Evoked potential evidence for 
magnocellular system deficit in dyslexia. 
Physiol Res. 1995;45(1):87-9. 

34. Kuba M, Szanyi J, Gayer D, Kremlacek J, 
Kubová Z. Electrophysiological testing of 
dyslexia. Acta Medica (Hradec Kralove). 
2001;44(4):131-4.  

35. Kuba M, Kubovà Z, Kremlacek J, Langrova 
J. Motion-onset VEPs: Characteristics, 
methods, and diagnostic use. Vis Res. 
2007;47(2):189-202. 

36. Romani A, Conte S, Callieco R, 
Bergamaschi R, Versino M, Lanzi G, 
Zambrino CA, Cosi V. Visual evoked 
potential abnormalities in dyslexic children. 
Funct Neurol. 2001;16(3): 219-29. 

37. Schulte-Körne G, Bartling J, Deimel W, 
Remschmidt H. Motion-onset VEPs in 
dyslexia. Evidence for visual perceptual 
deficit. Neuro Report. 2004;15(6):1075-8. 



 
 
 
 

Aleci; JAMPS, 12(4): 1-9, 2017; Article no.JAMPS.32962 
 
 

 
8 
 

38. Eden GF, VanMeter JW, Rumsey JM, 
Maisog JW, Woods RP, Zeffiro TA. 
Abnormal processing of visual motion in 
dyslexia revealed by functional brain 
imaging. Nature. 1996;382(6586):66-9. 

39. Demb JB, Boynton GM, Heeger DJ. Brain 
activity in visual cortex predicts individual 
differences in reading performance. Proc 
Natl Acad Sci USA. 1997;94(24):13363-6. 

40. Demb JB, Boynton GM, Best M, Heeger 
DJ. Functional magnetic resonance 
imaging of early visual pathways in 
dyslexia. J Neurosci. 1998;18(7):6939-51. 

41. Galaburda AM, Livingstone M. Evidence 
for a magnocellular defect in 
developmental dyslexia. Ann N Y Acad 
Sci. 1993;682:70-82. 

42. Schuchardt JP, Huss M, Stauss-Grabo M, 
Hahn A. Significance of long-chain 
polyunsaturated fatty acids (PUFAs) for        
the development and behaviour of 
children. Eur J Pediatr. 2010;169(2):149-
64. 

43. Zelcer M, Goldman RD. Omega-3 and 
dyslexia: Uncertain connection. Can Fam 
Physician. 2015;61(9):768-70. 

44. MacDonell LE, Skinner FK, Ward PE, Glen 
AI, Glen AC, Macdonald DJ, Boyle RM, 
Horrobin DF. Increased level of cytosolic 
phospholipase A2 in dyslexics. 
Prostaglandins Leukot Essent Fatty Acids. 
2000;63(1-2):37-9. 

45. MacDonell LE, Skinner FK, Ward PE, Glen 
AI, Glen AC, Macdonald DJ, Boyle RM, 
Horrobin DF. Type IV cPLA2 in red blood 
cells: Evidence for differences between 2 
subgroups of dyslexic-type adults and 
controls. Schizophr Res. 2000;41(1):228-
59. 

46. Richardson AJ, Cox IJ, Sargentoni J, Puri 
BK. Abnormal cerebral phospholipid 
metabolism in dyslexia indicated by 
phosphorus-31 magnetic resonance 
spectroscopy. NMR Biomed. 1997;10(7): 
309-14. 

47. Baker SM. A biochemical approach to the 
problem of dyslexia. Journal of Learning 
Disabilities. 1985;18(10): 581-4. 

48. Richardson AJ, Calvin CM, Clisby C, 
Schoenheimer DR, Montgomery P, Hall 
JA, Hebb G, Westwood E, Talcott JB, 
Stein JF. Fatty acid deficiency signs 
predict the severity of reading and        
related difficulties in dyslexic children. 

Prostaglandins Leukot Essent Fatty Acids. 
2000;63(1-2): 69-74. 

49. Taylor KE, Higgins CJ, Calvin CM, Hall JA, 
Easton T, McDaid AM, Richardson AJ. 
Dyslexia in adults is associated with 
clinical signs of fatty acid deficiency. 
Prostaglandins Leukot Essent Fatty Acids. 
2000;63(1-2):75-8. 

50. Stevens LJ, Zentall SS, Abate ML, Kuczek 
T, Burgee JR.. Omega-3 fatty acids in boys 
with behavior, learning, and healthy 
problems. Physiol Behav. 1996;59(4-5): 
915-20. 

51. Pudelkewicz C, Seufert J, Holman RT. 
Requirements of female rat for linoleic and 
linolenic acids. J Nutr. 1968;94(2):138-47. 

52. Huang YS, Horrobin DF, Watanabe Y, 
Bartlett ME, Simmons VA. Effects of 
dietary linoleic acid on growth and liver 
phospholipid fatty acid composition in 
intact and gonadectomized rats. Biochem 
Arch. 1990;6(1):47-54. 

53. Miles TM, Haslum MN, Wheeler TJ. 
Gender ratio in dyslexia. Ann Dyslexia. 
1998;48(1):27-55. 

54. Huang YS, Horrobin DF. Sex differences in 
n-3 and n-6 fatty acid metabolism in EFA-
depleted rats. Proc Soc Exp Biol Med. 
1987;185(3):291-6. 

55. Giudicelli Y, Dieudonne MN, Lacasa D, 
Pasquier YN, Pacquery T. Modulation by 
sex hormones of the membranous 
transducin system regulating fatty acid 
mobilization in adipose tissue. 
Prostaglandins Leukot Essent Fatty Acids. 
1993;48(1):91-100. 

56. Stevens LJ, Zentall SS, Deck JL, Abate 
ML, Watkins BA, Lipp SR, Burgess JR. 
Essential fatty acid metabolism in boys 
with attention deficit hyperactivity disorder. 
Am J Clin Nutr. 1995;62(4):761-8. 

57. Richardson AJ, Montgomery P, Phil D. The 
Oxford-Durham study: A randomized, 
controlled trial of dietary supplementation 
with fatty acids in children with 
developmental coordination disorder. 
Pediatrics. 2005;115(5):1360-6. 

58. Lindmark L, Clough P. A 5-month open 
study with long-chain polyunsaturated fatty 
acids in dyslexia. J Med Food. 2007;10(4): 
662-6. 

59. Stordy BJ. Benefit of docosahexaenoic 
acid supplementation to dark adaptation in 
dyslexia. Lancet. 1995;346(8971):385. 



 
 
 
 

Aleci; JAMPS, 12(4): 1-9, 2017; Article no.JAMPS.32962 
 
 

 
9 
 

60. Richardson A, Puri BK. A randomized 
double-blind, placebo-controlled study                
of the effects of supplementation with 
highly unsaturated fatty acids on            
ADHD-related symptoms in children           
with specific learning difficulties. Prog 

Neuropsychopharmacol Biol Psychiatry. 
2002;26(2): 233-9. 

61. Peet M, Glen I, Horrobin DF, editors. 
Phospholipid spectrum disorder in 
psychiatry and neurology. Carnforth, UK. 
Marius Press; 1999. 

_________________________________________________________________________________ 
© 2017 Aleci; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://sciencedomain.org/review-history/18684 


