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 شكر:

ا ماريا فراغ روساورا ليس، و خوسيلمشرفي رسالتي ماريا لوث كوثة، اليخاندرو مونوثوري، في البداية اود ان اتقدم بالشكر 

ل األصدقاء والزمالء في قسم األطفال ووحدة الخدج والشكر موصول لك الدعم الكبير الذي قدموه لي حتى أصل لهذا العمل.على 

زه كن باستطاعتي انجاوأنا بالطبع لم يوحديثي الوالدة في مشفى سنتياغو الجامعي. هذا العمل المتواضع هو نتيجة جهد جماعي 

 بدون دعمهم المستمر في مواجهة كل التحديات.

وجامعة سنتياغو دي كومبوستيال على توفير الفرصة لي  ٢تحاد األوربي ممثال ببرنامج إراسموس موندوس بيس لالالشكر 

 لي والدعم المستمر من قبلهم.للدخول في برنامج الدكتوراه عبر المنحة التي خصصت 

 ٣٠كل شيء خالل اكثر من  لذان منحانيووالدي ال تيدلوالشكرا سى شكر عائلتي في سوريا واسبانيا. وبالنهاية ال يمكن ان ان

. شكرا لعمي د. مروان الشويكي، كان لي خير داعمو ئما الفرح واألملحبيبتي مايا الدادا، القلب الذي منحني داسنة. شكرا ل

 ئما.دانبي ابجالرجل الذي وقف 
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Abbreviation 

ALA Alpha linolenic acid 

ARA Arachidonic acid 

BAEP Brainstem auditory evoked potential 

BPD Broncho pulmonary dysplasia 

CA Corrected age 

cGMP Cyclic guanosine monophosphate 

CHD Coronary heart disease 

CI Confidence interval 

CNS Central nervous system 

COX Cyclooxigenase 

DGLA Di-homo-γ-linolenic acid 

DHA Docosahexaenoic acid 

DNA Deoxyribonucleic acid 

DPA Docosapentaenoic acid 

EFA Essential fatty acid 

ERG Electroretinogram 

FA Fatty acid 

GLA γ-linolenic acid 

HDL High density lipoproteins 

HM Human milk 

IQ Intelligence quotient 

IUGR Intrauterine growth restriction 

LCPUFA Long chain poly-unsaturated fatty acids 

LDL Low density lipoproteins 

MI Metarhodopsin I 

MII Metarhodopsin II 

M Mean 

MUFA Monounsaturated fatty acids 

mRNA Messenger ribonucleic acid 

OPL Operant preferential looking techniques 

OR Odds ratio 

PDA Patent ductus arteriousus 

PG Prostaglandin 

PPAR Peroxisome proliferator activated receptors 

PUFA Polyunsaturated fatty acid 

RBC Red blood cell 

RNA Ribonucleic acid 

RR Relative risk 

SD Standard deviation 

TR Thyroxin receptor 

TX Thromboxane 

VLBW Very low birth weight 

VLDL Very low density lipoproteins 

VEP Visual evoked potential 
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Spanish summary 

INTRODUCCIÓN 

Los ácidos grasos poliinsaturados de cadena larga (LC-PUFAs) ácido araquidónico 

(ARA-omega 6; 20:4 ω6) y ácido docosahexaenoico (DHA-omega 3; 22:6 ω3) son 

necesarios para la formación de las membranas celulares no mielínicas del sistema 

nervioso central, incluida la retina, de ahí la gran importancia que tienen en el adecuado 

desarrollo visual y cognitivo. La mayor transferencia de estos ácidos grasos de la madre 

al feto durante la gestación ocurre en el tercer trimestre, por lo que el nacimiento 

prematuro condiciona un déficit de los mismos. En el periodo neonatal inmediato, la 

rápida síntesis de tejido cerebral, la diferenciación celular y la activación de las sinapsis 

precisa de niveles apropiados de ARA y DHA, y en los niños prematuros este aporte 

materno es interrumpido, dependiendo exclusivamente de la lactancia materna y de otras 

fuentes exógenas. 

Los requerimientos nutricionales de ácidos grasos poliinsaturados no están bien definidos 

para adultos o niños y mucho menos para recien nacidos prematuros. La relación entre la 

ingesta dietética y los valores sanguíneos alcanzados no es bien conocida al igual que los 

niveles óptimos para una adecuada función. 

Aunque el ARA y el DHA se pueden producir a partir de los ácidos linoleico y linolénico 

respectivamente, posiblemente esta producción sea insuficiente para obtener unos niveles 

óptimos que garanticen un adecuado desarrollo neurológico, de ahí la importancia de 

suplementarlos en las leches de prematuros. Se ha observado también que el aporte 

exclusivo de DHA puede interferir en el correcto metabolismo del ARA, reduciéndose 
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así sus niveles, de tal modo que debe existir un aporte adecuado de ambos ácidos grasos 

poliinsaturados (ARA y DHA) y además, este aporte, debe ser de una forma balanceada 

y similar a la de la lactancia materna para garantizar un adecuado crecimiento y desarrollo 

de los pacientes prematuros. 

OBJETIVOS 

Determinar la utilidad de una leche de fórmula suplementada con ARA y DHA con una 

relación entre ambos ácidos grasos similar a la encontrada en la leche materna en recién 

nacidos prematuros <1500 gramos y/o de <32 semanas de edad gestacional. 

Objetivo principal: Valorar y comparar el desarrollo psicomotor. 

Objetivos secundarios: Valorar los niveles de ácidos grasos en sangre (perfil lipídico), 

comparar el grado de agudeza visual y auditivo y valorar el desarrollo somatométrico de 

los prematuros, haciendo especial atención al perímetro de cráneo alcanzado como 

medida indirecta del volumen cerebral. 

MATERIAL Y MÉTODOS

Diseño del estudio: 

Ensayo clínico aleatorizado en niños pretérmino de <1500 gramos y/o de <32 semanas 

de edad gestacional alimentados con leche de fórmula con diferentes relaciones en la 

composición de omega 6 y omega 3. Se establecen dos grupos balanceados según el tipo 

de alimentación, los pacientes son reclutados durante un período de 14 meses y seguidos 

hasta los 2 años de vida. 
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Se dio prioridad a la lactancia materna, administrándose leche de fórmula especial para 

prematuros siempre que ésta no fuera suficiente o no fuera posible.  

Tamaño muestral: con una muestra de 60 niños (30 en cada grupo) tenemos un poder 

estadístico de 80%, todos los cálculos estadísticos se realizaron con SPSS (SPSS, v.20.0, 

Chicago, Illinois, EE.UU.). Se utilizó un valor de p <0,05 para la significación estadística, 

con intervalo de confianza del 95%. 

Criterios de inclusión y exclusión: 

Se incluyeron en el estudio a los niños < de 1500 gramos y/o entre 25 y 32 semanas de 

edad gestacional cuyos padres dieron su consentimiento para la participación en el 

estudio. 

Se excluyeron los pacientes con las siguientes características: 

1. Cualquier tipo de malformación grave.

2. Hemorragia intraventricular severa (más de grado 2).

3. Leucomalaciaperiventricular grave (más de grado 2).

4. Recién nacidos que no necesitaran nutrición suplementaria, es decir, los niños con

lactancia materna exclusiva. 

Quince prematuros fueron excluidos durante el estudio por mortalidad o por no cumplir 

alguno de estos criterios. Finalmentese siguieron 45 prematuros todo el periodo de 24 

meses de vida. 

Muestra 

Se asignaron los niños de forma aleatoria en dos grupos en función del tipo de leche de 

fórmula administrada: 
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-  Grupo A (24 niños): recibieron una leche suplementada en ARA y DHA con una 

relación omega6/omega3 = 2/1. 

-  Grupo B (21 niños): recibieron una leche de fórmula con ARA y DHA pero con una 

relación omega6/omega3 de 1/1. 

Durante el primer mes de vida el 54% del grupo A y el 48% del grupo B recibieron 

lactancia materna suplementada con la leche de fórmula correspondiente a cada grupo. A 

los 3 meses de edad cronológica el 79% del grupo A y el 76% del grupo B recibían 

únicamente lactancia artificial, incrementándose este porcentaje hasta el 92% en el grupo 

A y 86% en el grupo B a los 6 meses. El porcentaje de alimentación ofrecida con leche 

materna en todos los niños con lactancia mixta fue menos del 40% de toda la leche: el 

Grupo A, media 21% (rango de 10 a 35%). Grupo B, media 26% (rango de 15 a 39%). 

Estudio de otros factores de riesgo: 

Se sabe que hay muchas otras circunstancias que tienen una importancia conocida en el 

desarrollo y crecimiento de los recién nacidos prematuros. Nosotros analizamos algunos 

de los factores, enfermedades, terapia e intervenciones que se han considerado más 

relevantes. 

Se evaluó: sexo,  edad gestacional, peso al nacer, APGAR, uso de surfactante, presencia 

de sepsis, necesidad de ventilación mecánica, uso de FiO2 >30%, hemorragia 

intracraneal, displasia broncopulmonar y uso de ibuprofeno para el cierre del ductus 

arterioso. 

Una vez analizados dichos factores se compararon ambos grupos evidenciándose que la 

diferencia en la proporción de dichos factores de riesgo era muy pequeña, no siendo 

significativa para ninguno de ellos. 
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Seguimiento: 

Durante el tiempo de seguimiento de los pacientes se realizaron las siguientes 

determinaciones: 

1. Niveles de ácidos grasos en sangre en la primera semana de vida, 3, 6 y 12 meses.

La determinación se realizó en colaboración con el Hospital de Cruces de Bilbao. 

2. Estudio con potenciales evocados visuales y auditivos a los 6 y 12 meses de edad.

El estudio se llevó a cabo por parte del Servicio de Neurofisiología del Hospital 

Clínico de Santiago de Compostela. 

3. Valoración del desarrollo psicomotor mediante la escala de Brunet-Lézine a los 2

años de edad. Realizado por la Unidad de Atención Temprana del Hospital Clínico 

Universitario de Santiago de Compostela. 

4. Exploración física y medición de parámetros antropométricos (peso, longitud y

perímetro de cráneo) a los 3, 6, 9, 12, 18 y 24 meses de edad. 

Comparamos los resultados de nuestra muestra con 25 recién nacidos prematuros <1500g 

de nuestro Centro alimentados con lactancia materna exclusiva, para lo que utilizamos 

información de la base de datos SEN 1500 (proyecto ideado para el estudio y seguimiento 

de los prematuros <1500g, que incluye 62 hospitales y centros de toda España, siendo 

nuestro centro uno de ellos). Todos ellos tenían realizada la escala de Brunet- Lézinea los 

24 meses de edad corregida. 
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RESULTADOS 

Perfil lipídico 

Los recien nacidos preterminos alimentados con leche de formula suplementada con ω-

6/ω-3 = 2 presentaron: 

1. Niveles totales de ω-6 mayores que el grupo con ω-6/ω-3= 1, a los 6 meses (p

=0,039) y 12 meses de edad (p =0,011) 

2. Niveles mayores de AA a los 3, 6 y 12 meses de edad (p <0,01)

3. Mayor concentración de PUFA a los seis y doce meses (p =0,02 y p =0,009

respectivamente). 

4. Niveles mayores de ω-3 y DHA a los 6 meses (valor de p =0,038 y p =0,002

respectivamente). 

5. La relación ω-6/ω-3 en el plasma fue similar en los dos grupos de fórmula a los 3,

6 y 12 meses de edad. 

Datos somatométricos 

No hubo diferencias significativas entre los dos grupos en el peso, longitud y perímetro 

craneal en los dos primeros años de vida. 

Potenciales evocados 

No se encontraron diferencias estadísticamente significativas en los resultados de 

potenciales evocados auditivos y visuales de tronco cerebral a los seis y doce meses de 

edad corregida. 

Escala de desarrollo psicomotor 

A los 24 meses de edad corregida se realizó la escala Brunet-Lézine en los dos grupos de 

estudios. Se compararon las proporciones de prematuros con puntuaciones superiores e 
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inferiores a 85, encontrando una importante diferencia entre ambos grupos, con un solo 

niño (4%) con una puntuación inferior a 85 en el grupo ω-6/ω-3= 2 en comparación con 

seis niños (28.6%) en el otro grupo (valor de p =0.039), con una reducción absoluta del 

riesgo del 24% (IC del 95%: 3% - 45%) y una odds ratio de 0,11 (IC 95% 0,01 a 0,99). 

Se estudió y comparó la puntuación media en cada grupo (99,9 frente a 90,8), siendo la 

diferencia significativa (p = 0,028). 

Comparamos los resultados de escala Brunet- Lezineentre el grupo de lactancia materna 

exclusiva (25 neonatos) con los dos grupos de fórmula que habíamos estudiado. 

El grupo de lactancia materna exclusiva de pretérminos <1500 gramos,  tuvo mejor 

puntuación en la escala Brunet-Lézine a los 24 meses de edad (96% con puntuación >85% 

y la puntuación media fue de 100,5%), con repercusión significativa si lo comparamos 

con el grupo de fórmula ω-6/ω-3= 1 (p =0,007). Sin embargo, no hay diferencias 

significativas con el grupo con ω-6/ω-3= 2, presentando prácticamente los mismos 

resultados. 

DISCUSIÓN 

Diferentes estudios han confirmado la importancia y la necesidad de los PUFA (ω-6 y ω-

3) para el desarrollo mental de los recién nacidos prematuros, así como que aquellos que

reciben fórmulas suplementadas con ácidos grasos poliinsaturados (especialmente ω-3 

DHA) presentan un mejor desarrollo cerebral. Sin embargo, ninguno de estos ensayos 

recomienda claramente una relación concreta entre ω-6 y ω-3 ni han estudiado la 

importancia de los ω-6 de forma independiente en los recién nacidos prematuros. 

Al analizar la literatura sobre la composición de la leche materna observamos que la 

relación AA/DHA dista bastante de la encontrada en la mayor parte de las 
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fórmulas artificiales comercializadas (1/1). La relación presente en la leche materna  

es aproximadamente 2/1 en recién nacidos prematuros y 3/1 en recién nacidos a término. 

Un estudio sobre la composición de la lactancia materna realizado en nueve países 

muestra que en 7 de los países incluidos la relación AA/DHA es superior a 1/1 con sólo 

dos de ellos mostrando una tasa inferior a 1/1 (con un rango entre 3.16/1 en EEUU y 

0.51/1 en Japón). 

En este estudio tratamos de encontrar si la administración de diferentes proporciones de 

ω-6 en la alimentación del recién nacido prematuro afectaba a las concentraciones de 

ácidos grasos poliinsaturados en sangre, lo cual hicimos sin cambiar la cantidad de ω-3, 

es decir, aumentando la cantidad de ω-6 y el total de PUFA en la fórmula. Objetivamos 

que el grupo ω-6/ω-3= 2 presentaba niveles más elevados de ácido araquidónico (AA 

C20:4 ω6), del total de PUFA, y del total de ω-6. Por otra parte, no se encontraron 

diferencias significativas en los niveles de ácido docosahexanoico (DHA C22:5 ω3), 

ácido eicosapentanoico (EPA C20:5 ω3) o ácido linoleico (LA C18:2 ω6) entre ambos 

grupos a los 6 ó 12 meses de edad corregida. A la vista de estos resultados, no parece que 

la mayor cantidad de AA en la fórmula tenga consecuencias negativas sobre el 

metabolismo de ω-6, ω-3. Sin embargo, es de especial relevancia que no hubo diferencias 

notables en la relación ω-6/ω-3 en plasma a los 3, 6 y 12 meses, lo  que indica que el 

aumento de ω-6 (AA) en la leche no altera el equilibrio entre ω-6 y ω-3, lo que se 

considera tener una gran importancia en la salud y el crecimiento. 

Como hallazgo significativo encontramos que la mejor puntuación en la escala de Brunet-

Lézinea los 24 meses de edad corregida fue en el grupo A (media 99,9). Para la 

interpretación de estos resultados hay que tener en cuenta que ambos grupos tenían el 

mismo nivel de ω-3 en la fórmula, el cual sabemos que es un importante componente 

estructural y funcional del cerebro en desarrollo; pero el ácido araquidónico es también 
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un componente clave de las membranas celulares y sirve como precursor para la 

formación de prostaglandinas, encontrándose altas concentraciones del mismo en los 

sistemas de señalización del cerebro. Por tanto, debemos tener presenteque el AA es 

también un ácido graso esencial que se debe incluir en las fórmulas de los recién nacidos 

a término y prematuros, sin embargo, la cantidad necesaria de ácidos grasos omega-6 o 

ácido araquidónico que necesitan los neonatos prematuros no está bien establecida, por 

lo que se requieren más estudios tomando la leche materna como patrón de referencia de 

la forma óptima de nutrición, y  teniendo en cuenta, que en general, la leche materna tiene 

una mayor concentración de AA que las leches de fórmula actuales. 

CONCLUSIONES 

Los datos del estudio sugieren que los recién nacidos grandes prematuros < de 1500 

gramos y/o  de menos de 32 semanas de edad gestacional que consumen leche de fórmula 

con relación ω-6/ω-3= 2 en comparación con aquellos que consumen leche de fórmula 

con relación ω-6/ω-3= 1, tienen: 

1. Valores más altos de ácidos grasos esenciales en la sangre durante el primer año de

vida. 

2. Mejor desarrollo psicomotor a los 24 meses de edad corregida.

3. No se encontraron diferencias significativas en el crecimiento ni en los valores de los

potenciales evocados entre ambos grupos. 
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1-1- Preface 

Most important long chain polyunsaturated fatty acids (LCPUFAs), arachidonic acid AA 

(20:4, ω-6) and docosahexaenoic acid DHA (22:6, ω-3) are necessary in the formation of 

non-myelin membranes of the central nervous system, including the retina, hence the 

great importance in the proper visual and cognitive development. The largest deposit of 

fatty acids occurs in the last trimester of gestation, so that, preterm birth produces a deficit 

of these fatty acids. Although AA and DHA can be synthesized from linoleic acid (LA, 

18:2) and alphalinolenic acid (ALA, 18:3 ω-3), respectively, are thought to be insufficient 

to obtain optimal levels to ensure proper neurological development, hence the importance 

of supplementing these fatty acids in milk of premature. It has also noted that the unique 

contribution of DHA may interfere with the proper metabolism of AA, thus reducing their 

levels. It is thought that there must be an adequate supply of both LCPUFAs and 

moreover, this contribution must be balanced in a way similar to the one of breastfeeding 

(omega-6/omega-3 ≥ 2) to ensure proper growth and development of preterm infants (1). 

Multiple studies over the past 4 decades have addressed the evaluation of effects of early 

human malnutrition on central nervous system (CNS) development in experimental 

animals and humans. From the results of these studies, one can conclude that a reduction 

in energy and/or essential nutrient supply during the first stages of life has profound 

effects on somatic growth and organ structural and functional development, especially 

the brain. Malnutrition impairs brain development by reducing cell replication cycles and 

dendritic connections. Different regions of the brain are altered in specific ways; cell 

number, as measured by DNA content, is specially affected by intrauterine malnutrition 

and early postnatal malnutrition; synaptic connectivity is particularly affected if 

malnutrition occurs before the third year of life. Beyond the brain’s “growth spurt”, 

alterations in dietary precursors may influence neurotransmitter levels (serotonin, 
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norepinephrine, dopamine, and acetylcholine) in specific brain regions, and essential and 

non-essential lipid supply may affect the structural composition of the brain and the 

myelin sheaths (1,2). 

Functional correlates such as waking electroencephalographic activity, visual and 

auditory evoked potentials, sleep-awake cycle organization, and autonomic activities 

during sleep have also been demonstrated to be disturbed by early human malnutrition. 

The effects of specific nutrient deficiencies on neurodevelopment have been studied for 

past decades, and effects of iodine and iron deficiencies have been well documented. The 

essentiality of LCPUFAs and their importance in neurodevelopment are presently an 

important subject of research (3). 

The parent essential fatty acids (EFA) such as LA and ALA are the precursors for the ω-

6 and ω-3 LCPUFAs, respectively. The metabolic pathway consists of a series of 

desaturase (that add double bonds to the molecule) and elongation (that add two-carbon 

units) reaction to produce, in the case of ω-3 series, eicosapentaenoic acid EPA (20:5, ω-

3) (4).

The final steps to form the ω-3 product, DHA, include a desaturation, an elongation step, 

and peroxisomal P-oxidation reaction to convert the 22-carbon derivative (22:5, ω-3) to 

DHA. Similar enzymatic pathways produce AA and docosapentaenoic acid (DPA,22:5, 

ω -6) from the ω-6 precursor LA (4). 

The LCPUFAs, AA, EPA, and DHA, are important membrane components; in addition, 

EPA and AA are precursors to form potent bioactive oxygenated products (5). 

Eicosanoids such as prostaglandins, leukotrienes, and epoxides derived from AA and 

EPA regulate numerous physiologic processes, and many clinical correlates associated 

with deficient or excessive EFA intake have been described (6). 
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1-2- Lipids

The classification, structure, and the function of all lipids will be discussed briefly. Then, 

the structure of omega 3 and omega 6 will be mentioned. 

Lipids are organic compounds that contain hydrocarbons which are the foundation for the 

structure and function of living cells. And they are distinguished by their high solubility 

in nonpolar solvents and low solubility in water (7). 

1-2-1- Overview of Biological Lipids 

Fatty acids: principal building blocks of complex lipids 

Waxes: esters of fatty acids (heat sensitive) 

Triacylglycerols: membrane precursors, energy storage 

Glycerophospholipids: membrane components 

Sphingolipids: brain lipids, membrane components 

Steroids: cholesterol, bile salts, steroid hormones 

Terpenes: like turpentine 

Figure 1 shows the classification of lipids. 
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Figure 1: Classification of lipids 

1-2-1-1- Fatty Acids 

Fatty acid is composed of a carboxylic acid “head group” and a long hydrocarbon “tail”. 

The tail generally contains an even number of carbon atoms (figure 2). 

And the tail can be saturated or unsaturated, unsaturated hydrocarbon tails contain one or 

more double bonds. 

If a fatty acid has more than one double bond then this is an indication that it is a 

polyunsaturated fatty acid (7). 
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Figure 2: General structure of fatty acid 

Saturated fatty acids have higher melting points due to their ability to pack their molecules 

together thus leading to a straight rod-like shape. Unsaturated fatty acids on the other 

hand have cis-double bond(s) that create a kink in their structure which doesn’t allow 

them to group their molecules in straight rod-like shape. Figure 3 shows some typical 

saturated and unsaturated fatty acids and table 1 shows some important fatty acids (7). 

Figure 3: Typical saturated and unsaturated fatty acids 
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Table 1: Some Important Fatty Acids

In a cis fat the hydrogen atoms attached to the double bond forming carbons are on the 

same side of the double bond. ‘Cis’ literally means when two atoms lie on the same side 

of a given plane (Figure 4). 

This is very important as it gives the molecule a contorted shape. The more cis double 

bonds you have, the more contorted the shape of the molecule becomes. 

In trans fats the hydrogen atoms attached to the double bond forming carbons are on 

opposite sides of the bond. The word ‘trans’ means that the two hydrogen atoms are on 

opposite sides of a given plane (Figure 4). 
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 Cis fatty acid

Trans fatty acid 

Figure 4: cis and trans fatty acids 

Fatty acids could be grouped in relation to nutrition: 

• Essential fatty acids: linoleic and a-linolenic fatty acids.

•“Good fats”: high in polyunsaturated fats. Typical foods include vegetable oils, like 

olive, canola, sunflower, etc. 

•“Bad fats”: high in saturated fats. Transgressor stearic classic (beef); palm & coconut 

oils (found in candies). 

•“Really bad fats”: trans fatty acids result from partial hydrogenation of vegetable oils. 

Margarine has trans fatty acids (7). 
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1-2-1-2- Triglycerides 

Triglycerides are most abundant form of fatty acids. And is not only a part of biological 

membranes but it is, also, a major energy reserve in animal. 

• 1 Fatty Acid + Glycerol = monoacylglycerol

• 2 Fatty Acids + Glycerol = diacylglycerol

• 3 Fatty Acids + Glycerol = triacylglycerol

Triacylglycerol are the products of a reaction in which three OH groups of glycerol are 

esterified with fatty acids. A simple triacylglycerol is a triacylglycerol with three of the 

same fatty acid components. A mixed triacylglycerol is a triacylglycerol that contains two 

or three different fatty acid components and are more common than simple 

triacylglycerol. Fat is the name given to a class of triglycerides that appear as solid or 

semisolid at room temperature, fats are mainly present in animals. Oil is the name given 

to class triglycerides that appear as a liquid at room temperature, oils are mainly present 

in plants and sometimes in fish. 

The fact that saturated fatty acid tails can bunch up closely together, its allows the 

triacylglycerol relatively high melting points, which in turn allows them to appear as 

solids at room temperature. 

The opposite goes for unsaturated fatty acids, their tails cannot pack as closely together 

so in turn they have relatively low melting points which causes them to appear as liquids 

at room temperature. 

Fats usually consist of saturated fatty acids while oils usually consist of unsaturated fatty 

acids (8). 
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1-2-1-3- Glycerophospholipids 

1,2-diacylglycerol (the fatty acids) with a phosphate group at position 3 and is an essential 

component of cell membranes and other cellular structures. (Figure 5) 

Figure 5: Glycerophospholipid 

1-2-1-4- Sphingolipids 

Sphingolipids are typically found in brain tissues. Based upon sphingosine (or 

dihydrosphingosine), an amino alcohol (Figure 6). 

Simplest sphingolipids are ceramides (Sphingosine + N-linked fatty acid = ceramide). 

Figure 6: Sphingolipid 
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1-2-1-5- Gangliosides 

Gangliosides are complex sphingolipids (Figure 7). 

Composed of Ceramide + 3 (or more) sugars including one sialic acid. 

Gangliosides determine blood type O, A and B (7). 

Figure 7: Gangliosides 

1-2-1-6- Waxes 

Waxes are esters of a fatty acid and a fatty alcohol (Figure 8). They are insoluble and 

water repellent. 
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Figure 8: Waxes 

1-2-1-7- Terpenes 

Terpenes are abundant in plants. 

Built from 5 carbon isoprene units and do not contain fatty acids. 

Common terpenes have varied functions: 1- potent signaling molecules, pigments, 

chemical sensors, etc. 2- intermediates in cholesterol and steroid biosynthesis (7). 

1-2-2- Derived lipids 

We have other groups of lipid compounds that are derived enzymatically from fatty acids 

and have important functions in the body (8). 
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1-2-2-1- Phospholipids 

Membranes are chiefly made of phospholipids which are phosphoacylgycerols. 

Triacylglycerols and phosphoaclyglycerols are similar however the terminal OH group 

of the phosphoaclyglycerol is esterified with phosphoric acid instead of a fatty acid which 

leads to the formation of phosphatidic acid. The name phospholipid comes from fact that 

phosphoaclyglycerols are lipids that contain a phosphate group (8). 

1-2-2-2- Prostaglandin 

Prostaglandin PG is any member of a group of lipid compounds that are derived 

enzymatically from fatty acids and have important functions in the animal body. Every 

prostaglandin contains 20 carbon atoms, including a 5-carbon ring. Prostaglandins are 

responsible for an array of physiological effects, such as inflammation, blood pressure 

(PGE2, see below for structure), blood clotting, fever, pain, the induction of labor, and 

sleep-awake cycle. 

And it is very important to say that all prostaglandins are derived from AA (8). 

1-2-2-3- Lipoproteins 

There are four major classes of plasma lipoproteins: chylomicrons, very low-density 

lipoproteins (VLDL), low-density lipoproteins (LDL), and high-density lipoproteins 

(HDL). 

Each is composed of several types of lipids. 
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1-2-2-4- Steroid 

The chemical messengers in our bodies are known as hormones, which are organic 

compounds synthesized in glands and delivered by the bloodstream to certain tissues in 

order to stimulate or inhibit a desired process. 

1-2-2-5- Vitamins 

Like vitamins A - E - D – K (8). 

1-2-3- Structures of omega 3 and omega 6 

1-2-3-1- Omega 3 

The omega-3 fatty acids are PUFAs ranging from 18 to 22 carbon atoms in chain length 

with the first of many double bonds beginning at the third carbon (upon counting from 

the methyl end of the fatty acid structure). The fish oil-based omega-3 polyunsaturated 

fatty acids (also referred to as ω-3 fatty acids or ω-3 polyunsaturated) consist of DHA (22 

carbon atoms, 6 double bonds) and EPA (20 carbon atoms, 5 double bonds). 

It is noted that DHA and EPA can be designated in abbreviated form as 22:6 ω-3 or 22:6 

n-3 (i.e., 22 carbon atoms with 6 double bonds of the omega-3 configuration) and 20:5, 

n-3, respectively. The number before the colon indicates the number of carbon atoms in 

the fatty acid chain and the number after the colon indicates the number of double bonds 

between adjacent carbon atoms (unsaturated sites) in the structure. Hence, the X:Y 

designation for DHA is 22:6 and the ω-3 or n-3 indicates that the first of six double bonds 
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begins at the third carbon atom when beginning the carbon counting at the methyl end of 

the fatty acid structure (9). 

1-2-3-2- Omega 6 

Omega 6 is a family of unsaturated fatty acids that have in common a final carbon-carbon 

double bond in the n-6 position, that is, the sixth bond, counting from the methyl end.The 

most important one of them is arachidonic acid (AA, sometimes ARA) and it is the 

counterpart to the saturated arachidic acid found in peanut oil (9). 

In chemical structure, AA is a carboxylic acid with a 20-carbon chain and four cis-double 

bonds; the first double bond is located at the sixth carbon from the omega.  

Figure 9 shows the chemical structure of LA, ALA, AA, EPA, and DHA. And table 2 

shows the list of all omega-6 and omega-3 fatty acids. 
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Figure 9: Chemical structure of LA, ALA, AA, EPA, and DHA 
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Table 2: List of all omega-6 and omega-3 fatty acids 
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Finally, it is important to say that the lipids are very important molecules, which can be: 

 Major components of biological membranes: Membranes define the basic unit of

life (cell) and sub cellular compartments (eukaryotes). 

 Major form of stored energy in biological systems: Lipids are largely reduced

compounds; complete oxidation of lipids generates lots of energy. 

 Hormones: Lipids make signal transduction between cells (7).

1-3- Requirements and uses of fatty acids in Human Nutrition 

Although data on the required intake of essential fatty acids are relatively few, the 

adequate intakes of linoleic acid and a-linolenic acid should be 2% and 1% of total energy, 

respectively. Present evidence suggests that 0.2–0.3% of the energy should be derived 

from preformed very long-chain ω-3 PUFAs (EPA and DHA) to avoid signs or symptoms 

of deficiency. This corresponds to approximately 0.5g of these ω-3 fatty acids per day. It 

should be stressed that this is the minimum intake to avoid clinical symptoms of 

deficiency. It has been suggested that the ratio between ω-3 and ω-6 fatty acids should be 

1:4 as compared to 1:10 in modern dietary habits, but the experimental basis for this 

suggestion is rather weak (10). 
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1-4- The Omega-6/Omega-3 fatty acid ratio in neurodevelopment 

1-4-1- Dietary changes 

Studies on the evolutionary aspects of diet indicate that major changes have taken place 

in our diet, particularly in the type and amount of EFA and in the antioxidant content of 

foods. An absolute and relative change of ω-6 and ω-3 fatty acids in the food supply of 

western societies has occurred over the last 150 years. A balance existed between ω-6 and 

ω-3 fatty acids for millions of years during the long evolutionary history of the genus 

Homo, and genetic changes occurred partly in response to these dietary influences. 

Omega-3 fatty acids were present in all foods consumed: meat, wild plants, eggs, fish, 

nuts, and berries. However, rapid dietary changes over short periods of time as they have 

occurred over the past 100–150 years, is a totally new phenomenon in human evolution. 

These dietary changes are the result of agribusiness and modern agriculture that led to 

animal feeds consisting primarily of grains, instead of the animals grazing, and to the 

production of vegetable oils from seeds such as corn, sunflower, safflower, cotton seed, 

and soybean that are high in omega-6 fatty acids and poor in omega-3s (11). 

Today, industrialized societies are characterized by: 

 An increase in energy intake and decrease in energy expenditure.

 An increase in saturated fat, omega-6 fatty acids and trans fatty acids, and a

decrease in omega-3 fatty acid intake. 

 A decrease in complex carbohydrates and fiber.

 An increase in cereal grains and a decrease in fruits and vegetables.
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 A decrease in protein, antioxidants, vitamins especially C, E and D, trace elements

and calcium intake. 

The increase in trans-fatty acids is detrimental to health. In addition, trans-fatty acids 

interfere with the desaturation and elongation of both omega-6 and omega-3 fatty acids, 

thus further decreasing the amount of AA, EPA, and DHA availability for human 

metabolism (11). 

1-4-2- Genetic changes 

Whereas major changes have taken place in our diet over the past 10,000 years since the 

beginning of the agricultural revolution, our genes have not changed. The spontaneous 

mutation rate for nuclear DNA is estimated at 0.5% per million years. Therefore, over the 

past 10,000 years, there has been time for very little change in our genes, perhaps 0.005%. 

In fact, our genes today are very similar to the genes of our ancestors during the 

Paleolithic period 40,000 years ago, at which time our genetic profile was established. 

Humans today live in a nutritional environment that differs from that for which our 

genetic constitution was selected. It is the interaction of genes with various environmental 

factors that determines the phenotype throughout development (12). 
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1-4-3- Competition between ω- 6 and ω-3 

Nutrition is an environmental factor of major importance. Studies in rodents, chickens, 

primates, and visual and cognitive trials in human infants have shown that both AA and 

DHA are essential for brain development and function. AA and DHA have been shown 

to be independent determinants of brain growth and evolution. Moreover, the competition 

that exists between ω- 6 and ω-3 fatty acids applies to their balance being critical for brain 

development and structural integrity. DHA is essential for vision, brain neurons, and cell 

signaling. While DHA is clearly concentrated in the signaling systems of the brain, EPA 

is more likely to be involved in vascular blood flow and eicosanoid production where it 

can down-regulate the AA metabolites to maintain homeostasis. The brain contains little 

essential fatty acids EFA (LA and ALA) and typically has AA, docosatetraenoic acid 

(adrenic acid), and DHA as the principal long-chain fatty acids. Although the size of the 

brain differs between mammalian species, the profile of AA and DHA does not vary 

suggesting a high degree of evolutionary conservation of the neural lipid profile (13). 

DHA is rapidly and selectively incorporated in the (sn)-2 position of neural phospholipid 

membranes, and is concentrated in the photoreceptor and selectively at synaptic signaling 

sites. It is the most unsaturated of the cell membrane fatty acids in the brain. 

The proportions of omega-6 and omega-3 in the diet are a determinant of biochemical 

efficiency, which is important in providing the optimal conditions for neurodevelopment. 

Therefore, approaching the ideal ratio of 2:1 or 1:1 could be of relevance to both 

neurodevelopment and the prevention of early neurodegeneration. Because the enzymes 

involved in the metabolism of the LA and ALA are shared, there is competition between 

them and the omega-6 and omega-3 fatty acids also regulate each other (13). 
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1-4-4- Ideal ω-6\ω-3 ratio 

The balance between LA and ALA and their polyunsaturated fatty acid metabolites in the 

diet is vital. In humans, the brain is the most outstanding organ in biological development: 

it follows that the priority is brain growth and development, and in the brain, the balance 

between omega-6 and omega-3 PUFA metabolites is close to 1:1. This ratio (between 2:1 

and 1:1) should be the target for human nutrition. In Western diets, the ω-6/ω-3 ratio has 

increased to between 10:1 and 20:1. This high omega-6 proportion is largely made up by 

LA, is far from optimal, and is highly inappropriate for normal growth and development 

and increases the risk of obesity. A most recent meta-analysis indicates that LA increases 

the risk for coronary heart disease (CHD). Furthermore a high ω-6/ω-3 fatty acid ratio 

increases the expression of genes that lead to inflammation which is at the base of CHD, 

obesity, diabetes, cancer and other chronic diseases. 

Diets must be balanced in the ω-6 and ω-3 fatty acids to be consistent with the 

evolutionary understanding of the human diet. This balance can be best accomplished by 

decreasing the intake of oils rich in ω-6 fatty acids (corn oil, sunflower, safflower, 

cottonseed, and soybean) and increasing the intake of oils rich in ω-3s (canola, flaxseed 

and chia “salvia hispanica” and olive oil which is particularly low in omega-6 fatty acids 

(14) 
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1-5- Synthesis of Omega-3 and -6 Fatty Acids 

Most of the ω-6 PUFAs consumed in the diet are from vegetable oils such as soybean oil, 

corn oil, borage oil, and acai berry and consist of linoleic acid. LA is converted to AA 

through the steps outlined in this diagram (figure 10). 

Figure 10: Synthesis of ARA 

The activity of the Δ6-desaturase is slow and can be further compromised due to 

nutritional deficiencies as well as during inflammatory conditions. Therefore, maximal 

capacity for synthesis of AA occurs with ingested γ-linolenic acid (GLA); the product of 

the Δ6-desaturase. GLA is converted to di-homo-γ-linolenic acid (DGLA) and then to 

AA. Like the Δ6-desaturase, the activity of the Δ5-desaturase is limiting in AA synthesis 

and its activity is also influenced by diet and environmental factors. Hyperglycemia and 
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hypercholesterolemia are both known to interfere with the activity of the Δ5- and Δ6-

desaturases. Due to the limited activity of the Δ5-desaturase most of the DGLA formed 

from GLA is inserted into membrane phospholipids at the same C–2 position as for AA. 

GLA itself can be ingested from several plant-based oils including borage oil, and acai 

berry (figure 11) (15). 

Figure 11: Synthesis of DHA 
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1-6- Metabolism of Omega-6 and Omega-3 fatty acids 

The PUFAs consumed with the diet are absorbed by intestinal cells, and subsequently 

give rise to their different metabolites. On hand, elongation and desaturation reactions 

transform PUFAs into LCPUFAs (15). 

“Retroconversion” results in a shortening of two carbon units of the longest LA and ALA 

derivatives. On the other hand, cyclooxygenases and lipoxygenases generate different 

prostanoids from EPA and AA, prostaglandins (PG), leukotrienes, thromboxanes, etc. 

(16). 

All these derivatives are important to maintain a healthy status. The long-chain PUFAs 

(AA, EPA, and DHA) are incorporated into the cell membranes, particularly into the lipid 

bilayer of the plasma membrane. Depending on the proportion of each present in the 

membranes, the latter undergo changes in fluidity and therefore in their capacity to house 

different enzymes, receptors, channels and pores, thus allowing improved adaptation of 

cell functions to physiological needs (17). 

On the other hand, the prostanoids play a key role as mediators of the local symptoms of 

inflammation: vasoconstriction, vasodilatation, coagulation, pain and fever. And the 

inflammation constitutes the basis of many chronic illnesses such as cardiovascular 

disease, obesity, diabetes, arthritis, mental illness, cancer and autoimmune conditions. 

Thus, the relationship between derivatives is very important to maintain homeostasis. 

The enzyme Δ-6 desaturase plays a key role, since it has greater affinity for ALA than for 

LA; competitively inhibiting the formation of its unsaturated derivatives. Accordingly, a 

10-fold greater proportion of LA is needed versus ALA in order to inhibit the formation 

of ALA derivatives. In other words, in order to block the transformation of LA into AA 

by 50%, ALA would have to be present in amounts equivalent to 0.5% of the caloric 
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content. In contrast, the reduction of ALA transformation into EPA requires an energy 

supply in the form of LA equivalent to approximately 7% of the caloric content of the 

diet. In this context, experimental evidence indicates that the optimum ratio between these 

acids should be close to 4:1-5:1, and should not exceed 10:1 (15). 

Also, both EPA and DHA play a vital role in many metabolic processes, but the ALA 

conversion process in humans is not efficient; only 5-10% are converted to EPA, and a 

mere 2–5% to DHA. The conversion process appears to be more efficient in females (18). 

Therefore, there are many specific mechanisms of action that contribute to maintain body 

homeostasis (19). 

1-7- Omega-3 Omega-6 contents in common foods 

Figure 12 shows the amounts of omega-6 (ω-6) and omega-3 (ω-3) fatty acids in some 

common foods (20). 
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Figure 12: Omega-3 and omega-6 in common food 
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1-8- Mechanisms for Omega-3 and Omega-6 on growth and neural 

development 

The dry weight of the human brain is composed predominantly of lipids: 22% of the 

cerebral cortex and 24% of white matter consist of phospholipids. Studies of several 

animal species and recent evidence from humans have established that brain phospholipid 

AA and DHA decrease, whereas ω-9 and ω-7 monounsaturated fatty acids and PUFA 

increase when LA and ALA or only ω-3 fatty acids are deficient in the diet. Typically, ω-

3 fatty acid-deficient cells have decreased DHA and increased levels of the end product 

of n-6 metabolism, DPA. Within the sub-cellular organelles, synaptosomes and 

mitochondria seem to be more sensitive to a low dietary ω-3 supply as evidenced by the 

relative abundance of DHA and the changes in composition of these organelles in 

response to dietary deprivation. Although DHA represents a small percentage of the fatty 

acids in most human tissues, it reaches levels of 30-40% of total fatty acids in rod 

photoreceptor outer segments of the human retina. 

The functional implications of diet-induced changes in structural lipids have been the 

subject of much research. Membrane physiologists have demonstrated that the fatty acid 

composition of structural membrane lipids affects function by modifying membrane 

fluidity, altering membrane thickness, changing lipid phase properties, or interacting with 

protein domain. 

The changes in neural membranes during development are those related to changes in 

physical properties and effects on excitability. Diet-induced changes in structural lipids 

affect several functional characteristics of excitable membranes in both animals and 

humans (21). 
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1-8-1- Molecular regulation of gene expression by nutrients 

Regulation of gene expression by nutrients can occur at multiple levels. For example, FA 

can bind to specific or non-specific ligands that interact with response elements in specific 

DNA motifs usually present in the promoter region of the gene, affecting gene 

transcription. DHA and other PUFA interact with nuclear factors modulating the 

activation of specific nuclear proteins such as peroxisome proliferator activated receptors 

(PPAR), which in turn act as transcription regulators (22). 

In this case, the nutrient effect is indirect because it is the activated transcription factor 

that binds cis-regulatory elements of DNA found in target genes. Another form of nutrient 

ligand interaction includes changes in phosphorylation mediated by the nutrient. At the 

post-transcriptional level, once mRNA is formed, nutrients may act by modifying native 

RNA processing, mRNA transport and stability, and break down rates. Nutrients may also 

modify the rate of mRNA translation by the activation of protein synthesis in the 

polyribosomal complex. Nutrients such as vitamin K can affect gene expression at the 

post-translational level beyond the synthesis of protein by modifying the gene products 

formed. Vitamin K-dependent amino acid carboxylation, which is necessary for active 

prothrombin synthesis represents an example of nutrient-induced post-translational 

modification of gene products. Finally, nutrients can modify the turnover rates of proteins 

including enzymes, thus affecting their activity level. In many cases, the nutrient-induced 

changes in gene expressionare part of the adaptive response to a given level of nutrient 

exposure (23). 

Thus, nutrients may affect the uptake, metabolism, storage, or excretion of the nutrient 

that triggered the gene regulatory response. 
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LCPUFAs and derived eicosanoids are involved in the regulation of cell growth and 

differentiation by modulating gene expression. For example, the effect of DHA on the 

functional maturation of the retina observed in several animal species can now be traced 

to a direct effect on photoreceptor differentiation. The molecular mechanisms underlying 

these effects have not been fully clarified but recent studies have demonstrated that opsin 

and rhodopsin transport to the apical process via post Golgi membranes is coupled with 

DHA transport. The close molecular interaction between this key photoreceptor protein 

and DHA suggests a possible important mechanism by which DHA influences retinal 

photoreceptor structural development as well as function. Regulation of gene expression 

by LCPUFAs occurs at the transcriptional level and is mediated by transcription factors 

that bind cis-regulatory elements found in target genes. These transcription factors, which 

are activated by fatty acids, have a structure that is similar to the steroid-thyroid supergene 

family of nuclear receptors, which includes the steroid hormone receptors, glucocorticoid 

receptor, vitamin D receptor, thyroxin receptor, and the retinoic acid receptor (24). 

1-8-2- LC-PUFA and retina 

LC-PUFAs are involved in the regulation of cell growth and differentiation by modulation 

of gene expression. For example, the effect of DHA on the functional maturation of the 

retina observed in several animal species including primates may now be potentially 

related to a direct effect on photoreceptor differentiation. 

Studies using primary culture of retinal neuronal cells have revealed a potential 

mechanism by which this conditionally essential nutrient affects gene expression critical 

to retinal function and survival (22). 
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In cultured cells from rats, DHA significantly increased the differentiation of apical 

processes in rod outer segments, the locus for rhodopsin and opsin-dependent light 

transduction. This was paralleled by an increase in opsin expression and content in the 

rod photoreceptor apical processes (22). 

The molecular mechanisms underlying these effects have not been fully clarified, but 

these data suggest an effect of DHA on opsin gene expression and possibly on 

other proteins required for the assembly of disc membranes. 

One of the most significant membrane effects of DHA is its role in photoreceptor signal 

transduction processing.  Littman and Mitchell (25) reported that LC-PUFA present in 

membrane phospholipid molecular species have profound effects on rhodopsin activation 

and related structural modifications. Rhodopsin is a membrane protein present in rod 

outer segment disk membranes, accounting for 90% of the protein content. It functions as 

a photon receptor coupled to a G protein. The light-induced conformational change of 

rhodopsin triggers a biochemical cascade finally leading to an increase in 

phosphodiesterase activity and a decrease in cGMP that closes sodium ion channels in 

the photoreceptor disk membrane. The result is a hyperpolarization followed by a 

depolarization. The resulting signals correspond to the positive "a" and negative "b" wave 

of the electroretinogram (ERG). Membrane FA composition affects the ability of photons 

to transform rhodopsin to the activated state (25,26). 

The rhodopsin activation in response to light involves a transformation of metarhodopsin 

I (M I) to metarhodopsin II (M II). 

The MI to MII equilibrium constant is six times higher with di-DHA acylated 

phosphatidylcholine than with di-myristoyl (14:0) phosphatidylcholine. The di-DHA 

phosphatidylcholine has an equilibrium constant which is almost identical to that of 
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phospholipids extracted from native rod disks. The effect is explained mainly by the 

increase in membrane free volume. This greater mobility of rhodopsin within the lipid 

microenvironment most likely explains the change in G-protein activation and the 

corresponding enhanced signal transduction to photon stimuli (27). 

The corresponding physiologic phenomenon is an increase in retinal sensitivity to light, 

such as we observe by providing DHA in the infant diet. 

1-8-3- Peroxisome proliferator-activated receptor (PPAR) and FAs 

Regulation of gene expression by LC-PUFA also occurs at the transcriptional level and 

is mediated by transcription factors that bind cis-regulatory elements found in target 

genes. These transcription factors, which are activated by FA, have structure similar to 

that of the steroid-thyroid supergene family of nuclear receptors, which includes the 

steroid hormone receptors, glucocorticoid receptor, vitamin D receptor, thyroxin receptor, 

and the retinoic acid receptor (24,28). 

PUFA-responsive transcription factors recently have been characterized; for example, 

PPAR can be activated by clofibric acid and other peroxisome proliferators (28). 

Recent studies have identified a number of proteins and co-activators that interact with 

nuclear receptors involved in the regulation of transcriptional activity. The formation of 

the binding site for the co-activator in the nuclear receptor is ligand dependent. 

Prostanoids arising from the oxidative conversion of PUFA released from the plasma 

membrane can also modulate gene expression. ω-3 PUFA released from phospholipids 

by phospholipase A2 is further metabolized via cyclooxygenase (COX 1 and COX2) and 

lipoxygenase pathways to form bioactive lipidmediators. Arachidonic acid metabolites, 

i.e., PGF2a, PGD2, PGE2, and PGI2, and TXA2, act in an autocrine or paracrine fashion
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at nanomolar levels. These metabolites play an important role in organ function and 

disease. Some effects of eicosanoids are acute and represent rapid changes in the activity 

of pre-existing proteins, whereas other effects are attributed to changes in gene 

expression. 

The activation of PPAR by FA was first characterized by Gottlicher; α-, β-, and γ-

isoforms were able to respond to FA with overlapping specificity (21). 

However, few studies have systematically explored the differential activation of PPAR 

by FA of different chain length or unsaturation. 

Yu et al (29) compared the ability of FA to activate the different PPAR isoforms using 

chimeric constructs. The tetR/PPARα chimeric receptor was activated to almost the same 

extent by LA and DHA, whereas the γ-isoform was activated by DHA but not by LA and 

the β-isoform was responsive to DHA > LA. PPARα is apparently also activated by 

medium- and long chain unsaturated FA. This evidence has been used to support the 

notion that reduction of hepatic expression of lipogenic enzymes induced by dietary ω-3 

and ω-6 PUFA is mediated by PUFA-activated PPARα (28). 

In this chimeric PPAR expression model, DHA was the most potent activator, whereas 

saturated myristic acid (14:0) was a considerably poorer inducing agent (24). 

The net effects of PPAR on cellular processes and metabolism include enhanced 

peroxisomal proliferation, increased FA oxidation, decreased FA synthesis, and enhanced 

glucose oxidation (28). 

Additional work will be necessary to better characterize the intracellular FA metabolites 

that regulate transcriptional activation and responsiveness of target genes critical for 

retinal and brain development. 
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1-8-4- Biophysical properties of polyunsaturated lipid membranes 

There has been a lack of conceptual basis in biophysics in which a meaningful difference 

in function could be predicted with respect to a DHA ω-3 vs. a DPA ω-6 containing lipid. 

In fact, there have been few biophysical studies that discern appreciable differences in the 

properties of various polyunsaturated species. It has often been said that introduction of 

a double bond into a saturated lipid results in a large change in physical properties. 

Introduction of a second double bond also results in an additional effect; however, it is of 

a much smaller magnitude than that of the first double bond. Thereafter, introduction of 

additional double bonds (for a total of three or more) has little effect. However, the ω-3 

fatty acid deficiency indicates that there are significant biological effects measurable in 

the whole organism, e.g., by behavioral or physiologic means, when DPA ω-6 is 

substituted for DHA. Because these are pentaenoic and hexaenoic lipids, it would appear 

that a physical basis must exist for the differential biological function of various highly 

unsaturated fatty acids. Recent studies have begun to demonstrate that all highly 

unsaturated lipids indeed do not have the same physical properties (29). 

1-8-5- LC-PUFA and neural membranes 

Lipids, such as various phospholipids and cholesterol, serve as components of specialized 

cell membranes and organelles. The overall quantity and relative composition of these 

lipid species may affect membrane fluidity and protein/lipid interactions, resulting in 

changes in overall cell function. The FA composition of structural membrane lipids can 

affect membrane function by modifying overall membrane fluidity (order parameter), 

membrane thickness, lipid phase properties, membrane microenvironment, or by 

interaction of FA with membrane proteins (30). 
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These effects may modulate receptor activity, transport of metabolites in and out of cells, 

and hormonal or other signal transduction processes. Most dietary ω-3 FA–induced 

membrane changes are not reflected by an overall change in membrane fluidity, but result 

in selective changes unspecific domains of membrane microenvironment (31). 

The replacement of DHA by DPA was observed in ω-3 deficiency results in a very similar 

overall lipid unsaturation level because only one double bond has been lost. Thus, on 

average, membrane fluidity as measured by fluorescent probe polarization remains 

unchanged. Furthermore, the major changes in the physical state induced by the FA 

composition of lipid bilayers occur when mono- or di-unsaturated moieties are 

introduced; namely, when a saturated FA such asstearic acid (18:0) is replaced by oleic 

acid (18:1n-9) or by LA (32). 

The role of membrane lipid composition in determining the electrical properties of 

cultured neuronal cells exposed to exogenous fatty acids has also been investigated. Both, 

ω-3 and ω-6 fatty acids induce slower rates of rise of Na+ action potentials, and to a lesser 

extent, lower amplitude of Na+ action potentials. The opposite effects were observed 

when saturated or trans-monoenoic fatty acids were added. These effects are likely 

mediated by a change in the number of active Na+ channels. A change in membrane 

composition or altered fatty acid availability to the cells may explain this effect (33). 

Others have suggested that the DHA supply modifies the phospholipid molecular species 

present in neural tissues, thus affecting overall function (34). 
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1-8-6- PUFA and electrophysiologic responses 

The role of membrane lipid composition in determining the electrical properties of 

cultured neuronal cells exposed to exogenous FA has also been investigated (35). 

Both ω-3 and ω-6 FA reduce the rate of rise and lower the amplitude of Na+ action 

potentials. The opposite effects were observed when saturated or trans-monoenoic FAs 

were added to the culture (36). 

These effects are likely mediated by a change in the number of active Na+ channels. A 

change in membrane composition or altered FA availability to the cells may explain this 

effect. Free LC-PUFA has been shown to modulate the inactivation of calcium and 

sodium channels in rat neural cells (37). There are also changes in cation currents in 

hippocampal neuronsanda higher seizure threshold in rat cortex (38). 

These effects appear to depend on free extracellular LC-PUFA concentrations and not on 

membrane phospholipid composition. The responsiveness of free LC-PUFA to dietary 

interventions, which alter tissue composition, remains unclear. 

The release of free LC-PUFA from membranes could have wide spread effects on 

neurosensory function. At the CNS level, interest in the effect of EFA on the maturation 

of visual function is based on their role as key structural components of cell membranes 

and their accumulation in visual and neural structures. Data from breast-fed infants who 

received DHA indicate that a higher content of this FA is present in brain cortex relative 

to infants fed formula (39). 

One study (40) established the need for ω-3 FA in the diet, utilizing infant rhesus monkeys 

as a model system for ω-3 FA deficiency. Following prenatal (maternal) and postnatal 

diets deficient in ω-3 FA, the DHA concentrationsin both the occipital cortex and the 

retina were reduced to 20% of that in control monkeys. The ω-3 FA deficiency also 



Introduction 

54 

impaired visual acuity as measured by preferential looking techniques. By 12 wk. of age, 

the deficient monkeys presented acuities of 20/125 vs. 20/50 in controls (20/20 is the 

average adult acuity; 20/50 is the average for 12 wks. of age in monkeys). 

In addition, the b-waves amplitudes of ERG were reduced by 30% in the ω-3 FA deficient 

rhesus monkeys (40). 

1-8-7- Mechanisms for early dietary PUFA in brain maturation 

Several potential mechanisms by which early dietary EFA supply may affect visual and 

brain maturation and long-term function can be outlined on the basis of the available 

experimental data. The potential role of DHA as a modulator of membrane properties is 

supported by the in vitro studies of membrane fluidity and transport in neural cells 

modified in their membrane FA. The putative role of DHA in amplifying the photo 

transduction cascade is supported by the electrophysiologic findings in animals and 

humans. Dietary ω-3 supplementation in these studies resulted in decreased retinal rod 

threshold and higher maximum amplitude, meaning that less light is required to trigger a 

retinal response and that more signals is being transmitted to the visual pathway, 

respectively. 

Moreover, the discovery of biochemical differences in phosphorylation microtubule-

associated proteins in neurons from the visual cortex of light-deprived kittens during early 

development provides a mechanism for the classical observations by Hubel and Wiesel 

(41). 

The expression of microtubular proteins in the visual cortex induced by light plays a key 

role in establishing the dendritic arborization and interconnections necessary for visual 

perception; darkness inhibits the expression of this gene product (42). 
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Thus the role of light-mediated stimuli in triggering cortical differentiation offers a 

plausible explanation for the phenomenon of a critical period for ocular dominance that 

has a biochemical basis as well as structural and functional correlates. 

They speculate that the effect of DHA on light transduction in the retina early in life may 

have lasting effects (i.e., imprint) on the organization and function of the visual cortex. 

The alternative possibility is that DHA has an effect on photoreceptors as well as an 

independent effect on cortical maturation itself. No definitive answer can be established 

from the available data. As previously indicated, the fact that human milk-fed infants 

exhibited more mature stereo acuity at 3 years relative to formulated infants suggests that 

this phenomenon may be relevant to humans (43). 

Additional supportive evidence on the possible long-term effect of early DHA supply on 

maturation of the visual cortex comes from a large population-based prospective study of 

determinants of stereo acuity development conducted in Bristol, United Kingdom. The 

results indicate that a maternal antenatal diet rich in DHA is associated with enhanced 

stereopsis of infants at age 3.5 years after adjusting for other environmental as well as 

maternal and infant factors (44, 45). 

In conclusion, evidence for a beneficial effect of AA and DHA supplementation on CNS 

development is strong. The follow-up of supplemented infants beyond infancy should 

help to address the question concerning the persistence of effects beyond early life. 

Studies summarized in this review provide evidence supporting the view that dietary EFA 

supply affects visual development of preterm and term infants. The preliminary 

information on cognitive development is insufficient to fully establish a claim for an LC-

PUFA effect on mental development. Human infants require dietary AA and DHA to 

maintain normal FA composition of plasma and RBC membrane lipids, and presumably 

of brain and retina (46). 
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Differential gene expression induced by EFA and changes in membrane biophysical 

properties are likely responsible for the observed functional effects. Further work should 

lead to a better understanding of the mechanisms by which EFA affect visual and brain 

development and allow for a better definition of optimal nutrition in early life. Optimal 

in this context implies the right amount and balance of nutrients to obtain a desirable 

outcome (i.e., enhanced cognitive development or decrease in burden of disease in adult 

life) considering that there are inherent risks from excesses as well as deficits (47). 

1-9- PUFAs in Human Milk 

1-9-1- Composition 

The principal source of PUFA for infants is human milk. The amount of PUFA in human 

milk mainly depends on the mother’s diet during pregnancy and lactation. It varies 

according to postpartum age, preterm or term delivery, and maternal diseases affecting 

lipid metabolism such as diabetes, cystic fibrosis, and abetalipoproteinemia (48). 

AA is the main ω-6 PUFA and DHA is the most important of the ω-3 series. The ratio of 

total ω-6 to ω-3 is 5-10: 1, ranging up to 18: 1 if large amount of oils with a high content 

of linoleic acid are consumed. The ratio of AA to DHA is most commonly 1.5-2: 1. The 

variability in LCPUFA in human milk is high and determined mainly by diet. EPA is 

always lower than DHA and is found in minimal amounts except in populations 

consuming high intakes of fish. DHA levels range from close to 0.1% in Germany to 
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1.4% in North American Inuits; however, typical values range from 0.3% to 0.4% (49, 

50). 

Makrides et al. reported a longitudinal reduction in breast milk DHA from Australian 

women on western diets from 0.32% in 1981 to 0.21% in 1995 (51). 

1-9-2- Human milk importance 

In 1929, the first report on cognitive advantages of breast milk-fed infants was published. 

Most studies published over the past 30 years have found enhanced neurodevelopment in 

breastfed infants when compared with formula-fed infants. Despite the use of different 

tests and varied experimental methodologies, the studies reveal a consistent 5-6 IQ point 

difference favoring the breastfed infants (52). 

Unfortunately, these studies do not indicate the detailed nutrient composition of the 

formula used and vary in the manner confounding variables are addressed. Additional 

supportive evidence can be derived from a study of 526 full-term infants born in 

Groningen, Holland between 1975 and 1979 and followed for 9 years. There was a 

significantly lower occurrence of neurologic dysfunction in the 135 breastfed infants 

(breastfed for more than 3 weeks) after adjusting for obstetric, prenatal, neonatal, 

neurologic, and social difference. Most studies that use human milk-fed reference 

controls attempt to match groups by the main confounding variables: birth weight, sex, 

gestational age (GA), and presence of morbidity. Maternal characteristics that could 

affect growth and CNS development such as maternal height, socioeconomic status, and 

educational level are recorded and also used in post hoc analysis to correct for 

confounders that are usually biased in favor of the human milk-fed group (53). 
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A recent meta-analysis of these non-randomized studies demonstrated a significant 5 IQ 

point benefit of human milk feeding on neurodevelopment, although the possibility that 

uncontrolled variables could explain the differences cannot be excluded. Covariance 

adjustments performed in an attempt to correct for group differences resulted in a two-

point reduction in differences in IQ scores. The difference was manifested early in 

development, and was sustained through childhood and adolescence. There appears to be 

a direct correlation between the duration of breastfeeding and improved performance. The 

analyses also suggest that the effect is greater in low birth-weight infants, a more 

vulnerable population (54,55). 

A truly randomized trial of human milk feeding to define this issue would be ideal but 

not feasible. The closest to this ideal study was a controlled trial of preterm infants fed 

human milk or formula by naso-gastric tube for 28 days conducted by Lucas et al (56). 

In this controlled study, human milk feeding was associated with a + 8.3 point IQ 

difference at 8 years of age relative to a formula-fed group (devoid of LCPUFAs) after 

controlling for socioeconomic and other maternal variables. 

These controlled observations in preterm infants indicate that human milk may offer 

unique advantages for brain development, independent of the effect of taking the milk 

from the mother’s breast. 
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1-10- Significance of PUFAs for Preterm Infants 

1-10-1- Preterm infants nutrition and growth 

Preterm infants have a very different life expectancy depending on the centers; in USA 

the third level centers publish in 2011 a life expectancy of 34% with 23 weeks of 

gestational age, 61% with 24 weeks, 79% with 25 weeks, and 87% with 26 weeks (57). 

Most of preterm have an important defect in energy, protein, fat, carbohydrate and other 

elements and in a lot of them there is a big difference between the recommended nutrition 

and real nutrition especially in the first weeks, hence we can expect an important 

nutritional defect in these children. 

A premature with weight less than 1 kg contain only 1% of fat and 8% of protein, so this 

neonate required 110 Kcal/kg/day for maintain his necessity of calories in the first four 

days of life. However if this child has other stress, like sepsis or respiratory distress his 

requirement will be more (58). 

Feeding human milk to preterm infants provides nutritional, gastrointestinal, 

immunological, developmental, and psychological benefits that may impact their long 

term health and development. Human milk is advocated as the nutrition for preterm 

infants because it provides substances not supplied in formula (59). 

Often significant progress in breastfeeding is made as premature babies reach 0-8 weeks 

corrected age (CA). The ability to breastfeed is multifactorial and includes milk supply, 

birth weight/gestational age, complexity of NICU course, and infant maturity. It is 

important to work with and support a mother to realize her own goals around 

breastfeeding and pumping. Providing any breastmilk can be considered a success for a 
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mother of a premature infant and sometimes “exclusive” breastfeeding may need to be 

re-defined (60). 

The use of fortified mother’s milk varies infant to infant and all infants need to be 

evaluated individually. Fortification of human milk should be in the form of a multi-

nutrient supplement, such as a powdered infant formula. Single-nutrient supplements do 

not meet the needs of premature infants and are not recommended. If nutrient 

supplementation is indicated, powdered supplement can be added to breastmilk or 

formula bottles can be given in addition to breastfeeding (60). 

Developmental readiness for feeding varies widely for premature infants; feeding 

strategies and recommendations for the preterm infant need to be evaluated on an 

individual basis. The type of feeding at discharge is generally decided based upon birth 

weight, weight at discharge, and NICU course. Breastfeeding after premature birth is 

recommended and encouraged whenever possible. Lactation consultation is encouraged 

to promote successful breastfeeding and to facilitate the use of a breast pump if needed 

(61). 

The research is mixed in regards to how long a formula-fed preterm infant should 

continue on a transitional formula. A review of 8 randomized control trials found that 6 

of the 8 studies showed improvements in growth, paralleled by both lean mass and fat 

mass, and improvements in bone mineral mass when fed a transitional formula to at least 

6 months corrected age. Studies that lasted 3 months showed no effect on growth. Three 

of the 8 studies also showed better growth in boys although 2 of the studies showed 

benefits for girls as well. The study concluded that for formula-fed VLBW infants the use 

of a transitional formula should continue until 3-6 months corrected age, possibly as long 

as 12 months corrected age. Once an infant is gaining at least at the 50th percentile 
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expected weight gain for corrected age, or staying on or exceeding his growth curve, a 

standard term formula can be trialed (62). 

It is very known that the adequate speed of growth in the first weeks of live is very 

important in later neurodevelopment, and a lot of premature have a low weight in the post 

conception age of 36 weeks, so is fundamental to achieve a growth rate similar to neonates 

with the same gestational age (63).      

It was reported that 83% to 100% of VLBW infants undergo significant growth failure 

between birth and discharge. The effect was greater in smaller preterm infants, almost 

100% of infants weighing ≤1000g had weights less than the 10th percentile at 36 weeks 

corrected age (62). 

Despite advances in nutritional support during hospitalization most preterm infants are 

smaller than term infants, and have higher nutrient requirements due to low body stores 

of nutrients and deficient bone mineralization at discharge (64). 

It is critical that premature infants are followed carefully in the community to ensure they 

are meeting their nutritional needs and experiencing catch-up growth post discharge. 

Measurements most commonly used to assess nutritional status are weight, length and 

head circumference. The Centers for Disease Control and Prevention in USA (CDC) now 

recommends using the World Health Organization (WHO) 2006 growth charts for infants 

and children aged <24 months. This chart can be used when premature infants reach term 

corrected gestation age. All parameters (weight, length and head circumference) should 

be corrected for gestational age until 2 years of age (64). 

Both the WHO International and CDC Growth Charts show similar growth velocity data 

for healthy infants from birth to age 2. The median weight gain for infants from term to 

3 months is 170g to 230g each week. From term until 3 months corrected age boys gain 
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slightly more than girls but only by about 10%. From 3 to 6 months corrected age, the 

growth velocity of both boys and girls slows to about 115g a week. 

Growth data should be plotted according to the infant’s age corrected for prematurity. 

There are a number of ways to calculate corrected age (also known as adjusted age). The 

most common way to calculate corrected age is by subtracting the number of weeks 

premature from the chronological or actual age (64). 

It is important to note that the risk of chronic disease is not limited to premature infants 

as fetal growth restriction can occur in infants of any weight. However, the risk appears 

to be increased in preterm infants when intrauterine growth restriction (IUGR) is coupled 

with rapid postnatal catch-up growth. Additional research is needed to determine when 

catch-up growth presents as “excess growth” in premature infants. For the preterm infant 

discharged into the community, the importance of a nutrient dense diet of breast milk 

and/or a post discharge formula and monitoring the rate of weight gain is now even more 

important (64). 

The current research demonstrates the need to optimize the woman’s diet before, during 

and between pregnancies. Undernutrition during pregnancy, and low birth weight in 

general, are strongly associated with increased risk of hypertension, obesity, insulin 

resistance, and dyslipidemia later in life (65). 

1-10-2- The requirement of lipids in preterm infants 

It is known that lipid addition to nutrition improves nitrogen balance. It is recommended 

that constituting 25% to 40% of the non-protein calories, its maximum oxidation occurs 

when supplied 40% of the calories in neonates and up to 50% in others nursing babies. 

The recommended daily maximums are 3-4g/kg/day (0.13-0.17g/kg/h) and we can start 
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from the first day with 1g/kg then rise 1g/kg every day, however lipids have to be given 

separated of other alimentation (66). 

In preterm infants less than 1kg, there can be no tolerance of lipid emulsions, can cause 

pulmonary dysfunction, hepatic injury and blood clot. So it is recommended discontinue 

lipid emulsions if the level of triglycerides is more than 250mg/dL and then restart 0.1-

1g/kg/day (67). 

It is not recommended the exclusive use of lipids from soybean by the induction of liver 

injury and pro-oxidation action. Recent studies consider more appropriate the mixtures 

carrying polyunsaturated fatty acids (omega 3, omega 6), which are necessary for cell 

membrane function, eicosanoid acid metabolism and central nervous system 

development, because of their frequent deficiency in the first days of life in very low birth 

weight preterm (68). 

Besides the emulsions of olive oil which have a lot of oleic acid increase levels of vitamin 

E and decrease lipid peroxidation (69). 

1-10-3- PUFA importance for preterm infants 

Exogenous sources of the long-chain omega-3 and omega-6 polyunsaturated fatty acids 

DHA and AA, respectively, are important for premature infants. DHA and AA 

accumulate rapidly in the developing brain during the last trimester of gestation, and 

preterm infants are deprived of in uterus accretion. 

Preterm formula supplemented with DHA and AA at human milk levels results in 

circulating levels of these fatty acids similar to those seen in preterm infants breast 

milkfed. DHA supplementation of preterm formula has been associated with accelerated 

visual maturation and improved mental development. 
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Very low birth weight (VLBW) infants are considered particularly vulnerable to EFA 

deficiency given the virtual absence of adipose tissue at birth, the possible immaturity of 

the fatty acid elongation/desaturation pathways, and the inadequate ALA and DHA intake 

provided by formula (70). 

1-10-4- PUFA and retina in preterm infants 

Over the past decade, have been conducted studies to evaluate the effect of ω-3 fatty acids 

in VLBW infants. These studies examined the effects of ALA or ALA plus DHA 

supplementation on plasma and tissue lipid composition, retinal electrophysiologic 

function, the maturation of the visual cortex, and other measures of infant growth and 

development. 

It is demonstrated that retinal function is significantly affected by ω-3 deficiency in 

human preterm infants. Higher rod threshold and lower maximal amplitude values for the 

b-wave were observed in the infants receiving ω-3 deficient corn oil diets relative to 

controls fed ω-3 fatty acids. The higher rod threshold and lower maximal amplitude 

values indicate that the sensitivity and gain, respectively, of the rod photoreceptors in the 

ω-3 fatty acid-deficient infants were significantly reduced. Thus, a greater luminance was 

necessary for the rod response to reach specific amplitude in the ω-3 fatty acid-deficient 

infants (71). 

The results of dietary fatty acid modification on the functionof the visual cortex, as 

measured by pattern reversal visual evoked potentials (VEP) and behaviorally by the 

forced-choice preferential looking visual acuity response, demonstrated that infants in the 

human milk and marine oil groups (both receiving DHA) had improved visual function 

relative to infants fed formulas devoid of DHA (corn and soy oil groups). Visual acuity 
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tests measure the integrity of the neural pathway from the retina to the occipital cortex; 

long-term significance of the relation between development and latter neurodevelopment 

is presently being explored (72). 

Randomized clinical study in preterm infants supplemented with LCPUFAs also 

demonstrated better visual acuity in infants up to 4 months of age. After this time, control 

infants “caught up” in visual function measures. These investigators reported evidence of 

more rapid visual processing as measured by the Fagan test of visual recognition at 6-12 

months of age in LCPUFA supplemented infant (73). 

The reduction in AA, when fish oil was provided as a source of ω-3 fatty acids, was 

associated with reduced weight and length growth (70). In a second preterm infant study 

using low-EPA marine oil for up to 2 months corrected age, Carlson et al demonstrated 

improved visual development at the 2-month follow-up point and a 10-point IQ difference 

favoring the DHA-supplemented group at 12 months (73). The DHA-supplemented group 

had shorter look times in the novelty preference test at 9 months, suggesting better visual 

processing. 

In another study, no effect of LCPUFA on auditory brain-stem evoked responses was 

demonstrated. There was an increased maturation of the sleep-awake cycle in terms of 

less indeterminate sleep and more quiet (non-rapid eye movement) sleep observed in the 

human milk-fed infants compared with the randomized formula-fed groups (74). 

In this big study of 470 infants with birth weights 750 to 1800 g, the results showed a 

benefit of supplementing formulas in visual evoked potentials for premature infants with 

AA and DHA from either a fish/fungal or an egg-TG/fish source from the time of first 

feeding to 12 months (74). 
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1-10-5- PUFA, growth, and development in preterm infants 

In the same study of 470 preterm infants there were no consistent differences in weight, 

length, and head circumference gains between supplemented group with DHA and AA 

and non-supplemented group (74). 

The important role of optimal DHA and ARA nutrition in cognitive development has also 

been established through numerous studies during infancy and through preschool. The 

Bayley Scales of Infant Development are used for assessing infant mental and 

psychomotor developmental outcomes. Two scores are generated: the Mental 

Development Index, which measures perception, cognition, language, and social and 

sensorimotor skills, and the Psychomotor Development Index, which measures gross and 

fine motor skills. 

In the recent collaborative multicenter study of a large group of preterm infants included 

470 preterm infants fed LCPUFA formula supplemented with different AA and DHA 

sources: fish oil and egg phospholipids or fungal oil. The level of DHA was 0.25% of 

total fat in preterm formulas and 0.15% in follow-up formula; both formulas contained 

0.4% AA. Significant differences were found in VEP at 2, 4, and 6 months favoring the 

LCPUFA-supplemented formula group as compared with the control formula group. No 

differences in behavioral test of visual acuity (Teller cards) or in Fagan habituation or 

MacArthur vocabulary tests were found (74). 

A Bayley scale at 18 months demonstrated better developmental indices in the human 

milk-fed group but no differences within the formula-fed groups who received different 

amounts of EFAs (74). 

For infants below 1250g at birth, an advantage in the Bayley test score of mental 

development was observed in the LCPUFA-supplemented group (74). 
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Clandinin et al. studied other 361 preterm infants and found that the group of 

supplemented formula with DHA and AA groups had higher Bayley mental and 

psychomotor development scores at 118 weeks postmenstrual age than did the control 

group. Supplementation did not increase morbidity or adverse events (75). 

1-11- Significance of PUFAs for Term Infants 

1-11-1- PUFA importance for term infants 

The question of whether healthy full-term infants also need LCPUFAs in their formula 

has been raised. The finding of lower plasma DHA concentrations in infants fed formula 

compared with plasma DHA concentrations of breastfed infants suggests that formulas 

provide insufficient ALA or that chain elongation-desaturation enzymes are not 

sufficiently active during early life to support optimal tissue accretion of DHA. Full-term 

infants also appear to be dependent on dietary DHA for optimal functional maturation of 

the retina and visual cortex (76). 

Evidence from nonrandomized studies on infants fed breast milk and formulas without 

LCPUFA is not conclusive. 

1-11-2- PUFA and Retina in term infants 

Auestad et al conducted a 12-month feeding study of term infants who were fed either 

non-supplemented or DHA- and ARA-supplemented formula, but failed to demonstrate 
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any significant improvements in visual acuity measures in the DHA- and ARA-

supplemented groups with lower DHA levels in the formula (0.23% fatty acids or less). 

The improvements in visual acuity observed during the first two years of life appear to 

be related not only to DHA and ARA supplementation but also to supplementation at an 

appropriate level to promote a significant difference (77). 

A 3-year follow-up of healthy, full-term infants tested the effect of human milk with 0.2% 

DHA on the development of visual function. The cohorts were breastfed from birth to at 

least 4 months of age or they were fed formula containing ample LA and 0.5% of total fat 

as ALA for 12 months. The breastfed group was weaned to an oleic acid-predominant 

formula and received egg yolk through 12 months of age. The breastfed group maintained 

higher plasma and RBC membrane phospholipid DHA concentrations throughout the first 

year of life. At 3 years of age, stereo acuity, as measured by operant preferential looking 

techniques, was more mature in the breastfed infants compared with the formula-fed 

group; 92% of the breastfed group had mature operant preferential looking techniques 

(OPL) stereo acuity, whereas 35% of the infants in the formula-fed group met the maturity 

criteria. Visual recognition in the breastfed group was also better; whereas only 61% of 

the formula-fed infants had a perfect score, 93% of the breastfed group had a perfect score 

(78). 

Other complementary data from comparisons of infants who were breastfed with others 

who were given formula with ample ALA, but devoid of other LCPUFAs, suggested that 

breast milk, possibly DHA, had an effect on visual acuity maturation in term infant (79). 

Other study found that breastfed infants had significantly better visual acuity than 

formula-fed infants. Furthermore, there was a significant correlation such that high DHA 

levels in RBC were associated with better visual acuity in 4-month old infants (r = 0.65; 

P <0.001; units of visual acuity were cycles per degree) (80). 
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In a retrospective questionnaire study (81), they found no differences between breastfed 

and formula-fed infant groups using Teller cards to measure visual acuity at 9 months of 

age. In two other prospective studies, concluded that the need for DHA supplementation 

should not be based on the alleged improved visual acuity of breastfed infants. 

Studies demonstrated no differences in preferential looking acuity between breastfed and 

supplementedformula-fed infants despite differences in DHA content in blood. The 

formula used in this study contained 2.1% of total fat as ALA but no LCPUFAs. There 

was also no difference in transient visual evoked responses in infants fed with different 

ALA-supplemented formulas, although there were differences in plasma phospholipid 

DHA contents among groups. Small effects of lower LA: ALA ratios in formulas on 

weight-for-height have been reported in some studies; the relevance of these findings 

remains to be determined (82). 

A controlled randomized study in term infants using a formula supplemented with 0.36% 

DHA and gamma linoleic acid (GLA, 18:3 n-6) compared with a formula providing ample 

ALA but no DHA, and a breastfed reference group, revealed delayed visual acuity at 4 

and 6 months of age in the group receiving formula lacking DHA (83). 

A separate study showed better visual acuity at 2 months but no benefits after 6 months 

of life in breastfed or 0.1% DHA formula-fed infants relative to control formula (84). 

Biochemical indices of DHA status and visual acuity maturation of infants receiving only 

ALA were delayed compared with those receiving formula supplemented with ALA and 

DHA; the latter infants were similar to the breastfed control group. Infants who received 

breast milk for more than 16 weeks had better visual evoked potential acuity than those 

breastfed for shorter times or those given formula without LCPUFAs (85). 
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Finally Innis et al investigated the relationship between breast milk DHA levels, infant 

red blood cell DHA levels, and visual acuity. Infants were divided into three equal-sized 

groups based on their red blood cell DHA levels. Those infants with the highest DHA 

levels in their red blood cells also had intake of breast milk with the highest DHA levels 

and had the highest visual acuity scores at the ages of 2 and 12 months (86).    

1-11-3- PUFA and Development in term infants 

One of the studies compared infants fed with standard formula, formula supplemented 

with 0.2% DHA from fish oil, and formula with 0.12% DHA and 0.43% AA. At 4 months, 

no significant differences could be detected between the three diet groups using the 

Bayley Scales of Infant Development test at 12 month. Furthermore, a negative 

correlation was revealed between RBC-DHA at 4 months and language development 

assessed by the MacArthur Communicative Development Inventory given at 14 months 

(87). 

Language development skills in these infants were negatively correlated with RBC-DHA 

levels (p <0.05). 

A beneficial effect of DHA, AA, and GLA supplementation on psychomotor 

development at 4 and 12 months assessed by the Brunet-Lézine method has been reported, 

but not at 24 months of age. These authors reported a strong association between the 

erythrocyte phosphatidylcholine AA: LA ratio and developmental quotient at 24 months, 

but there is no relation with the dietary intervention in the first 4 months of age (88). 

In an attempt to control for confounding variables in the study effects of DHA, they 

supplemented mothers to produce breast milk with DHA concentrations ranging from 

0.1% to 1.7% of total fatty acids. Infants plasma and erythrocyte phospholipid DHA 
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content was related to breast milk DHA in a saturable manner; no significant increase was 

noted in blood DHA content with breast milk DHA greater than 0.6% of total fatty acids. 

Infant VEP acuity had no relationship with DHA groups but developmental quotient at 

12 months was significantly, but weakly correlated to breast milk DHA. At 24 months, 

this was no longer evident (89). 

Other study showed a persistent benefit on visual acuity development for the first year of 

life in DHA-supplemented formula-fed infants compared with infants fed formula with 

ample ALA but without other LCPUFA. The formula was given for the first 17 weeks of 

life. The DHA supplemented formula contained 0.35% DHA, with or without 0.72% of 

AA derived from single-cell oil sources. The dietary effects on visual acuity development 

were evident using sweep VEP acuity, but effects were not evident if the behavioral 

measure of acuity FPL method was used (90). 

Supplemented groups receiving DHA or DHA plus AA and the breast milk group had 

better acuity. The differences were significant during the periods of rapid changes in 

development of VEP acuity, i.e., in the first 20 weeks and after 35 weeks of age. 

Birch et al study in preschoolers noticed that, DHA supplementation at appropriate levels 

in formula resulted in improved developmental scores at the age of 4 years (91). 

Preschoolers who participated in the four-month feeding study as term infants were 

assessed for cognitive outcomes at the age of 4 years. The performance IQ scores of the 

children who were fed the DHA- and AA-supplemented formulas (0.36% DHA and 

0.72% AA) during infancy were nearly identical to the reference breast-fed group and a 

full four points higher than the un-supplemented formula group; however, this difference 

was not statistically significant. When evaluating the verbal IQ scores, the children who 

had been fed the DHA- and AA-supplemented formula had scores nearly six points higher 
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than the un-supplemented formula group; again, the difference was not statistically 

significant (91). 

Finally, it could be concluded that newborn, specially preterm infants require dietary 

DHA and AA to maintain fatty acid composition of  brain (92). The two account for 

approximately 20% of its fatty acid content (93). 



2- Justification 
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Evidence of a potential beneficial long-term effect of DHA supplementation on CNS 

development is highly suggestive, although absolute proof is lacking. The resolution of 

this issue should be forthcoming because long-term controlled clinical trials of 

supplementation with DHA and DHA plus AA in term and preterm infants are now being 

completed. The follow-up of these infants beyond infancy should help to address the 

question of long-term effects. Studies summarized in this review provide clear evidence 

that dietary n-3 fatty acid deficiency affects eye and brain function of preterm infants as 

measured by ERG, cortical visual evoked potentials, and behavioral testing of visual 

acuity. 

Preterm infants require dietary DHA to maintain fatty acid composition of plasma and 

RBC membrane lipids, and presumably of brain and retina. Changes in membrane 

chemical structure are likely responsible for the observed functional effects. 

LCPUFAs have demonstrable benefits during development. The effects on neural 

development are of particular interest. Human milk is the best and only time-proven 

source of fat and EFAs in the infant diet. Technologic procedures based on chemical and 

physical separation of the unsaturated fatty acids have permitted the elaboration of 

concentrated EPA, DHA, and AA for clinical use. 

The development of single-cell oil sources has allowed the provision of novel forms of 

LCPUFA delivery. Before the 1990s, low ALA was found in most infant formulas. 

Today, virtually all infant formula in developed countries is supplemented with ALA, and 

several manufacturers in Europe and in Japan have added DHA or DHA plus AA. 

DHA is an important structural and functional component of the developing brain, but 

arachidonic acid is also a key component of cell membranes, is one of the most abundant 

fatty acids in the brain, and is present in similar quantities to docosahexaenoic acid 

http://en.wikipedia.org/wiki/Docosahexaenoic_acid
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(DHA). The two account for approximately 20% of its fatty acid content. Like DHA, 

neurological health and development is reliant upon sufficient levels of arachidonic acid. 

Almost all preterm infant formulas contain AA supplementation. However, the formulas 

often contain an ω-6 to ω-3 ratio of 1/1. It is not known if the omega-6/omega-3 ratio 

affects preterm infants neurodevelopment. This study aimed to study lipid profile and 

clarify the importance of higher formula AA values and establish the preferred omega-

6/omega-3 ratio for supplementation of breast milk, by assessing anthropometric, visual, 

auditory, and psychomotor development in very preterm infants receiving diets 

supplemented with different AA/DHA ratios (1/1 vs. 2/1). 



3- Objectives 
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The goals of the trial was to study the lipid profile in premature infants less than 1500 

grams and/or less than 32 weeks of gestational age during the first year of life, and to 

determine the effects of a two diet contributions of docosahexaenoic acid (DHA) and 

arachidonic acid (AA) in very preterm newborns fed with fortified formula milk. 

This study aimed also to clarify the importance of higher formula AA values and estabish 

the preferred omega-6/omega-3 ratio for supplementation of breast milk. 

3-1- Main objective: 

To study the impact of different AA/DHA ratio in fortified formula milk on the 

psychomotor development of preterm infants 

3-2- Secondary objectives: 

 To analyze and study the values of fatty acids levels in plasma (lipid profile). After

that, the effects of different dietary portions of LCPUFA on plasma concentrations 

of essential fatty acids could be estimated. 

 To determine whether there is an impact of different AA/DHA nutritional ratios

on the growth of the sample members. 

 To determine whether there is an impact of different AA/DHA nutritional ratios

on the visual and auditory development of the sample members. 





4- Patients and methods
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4-1- Study design 

This prospective randomized controlled double-blind trial was conducted to study 

nutritional supplementation in preterm infants <1500 grams and/or between 25 - 32 weeks 

GA who were born at the University Clinical Hospital of Santiago de Compostela 

(CHUS). The infants were enrolled for a period of 14 months (from July 2011 to August 

2012) and followed up from birth until 2 years of age. Milk formulas were provided either 

as adjunct to insufficient breast milk quantity or as full formula feeding. Breastfeeding 

was actively encouraged. Patients were randomly assigned to one of the two formula 

groups, according to the type of formula they were to receive. The group A formula was 

supplemented with AA and DHA with an ω-6/ω-3 ratio of 2/1. The group B formula was 

supplemented with AA and DHA with an ω-6/ω-3 ratio of 1/1. 

The primary outcome was to assess the psychomotor development with the Brunet-Lézine 

scale at 2 years of age (Early Care Development Unit, CHUS) 

The secondary outcomes were (figure 13): 

 physical examination and anthropometric measurements (weight, length, and

head circumference) at 3, 6, 9, 12, 18, and 24 months of age (Neonatology Unit 

CHUS) 

 plasma levels of fatty acids at 3 months, 6 months, and 12 months (Metabolic

Unit, Hospital of Cruces, Bilbao) 

 visual- and auditory-evoked potentials at 6 and 12 months of age

(Neurophysiology Unit, CHUS), 

The Brunet-Lézine assessment results from the 2 sample groups were compared with the 

results from 25 preterm infants (<1500g) from the same hospital (CHUS) who were fed 

exclusively with human milk. Information was used from the <1500g preterm data 
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registry of the Spanish Society of Neonatology (SEN 1500). This program includes 62 

hospitals and centres throughout Spain, CHUS being one of them. The 25 most recently-

born preterm infants (<1500g) who were exclusively breastfed were chosen. There was 

no human milk bank available therefore all infants were fed with their own mother's milk. 

Table 3 indicates all fatty acids that were analyzed in the plasma of each sample. 

Lauric acid C12:0 Gondoic acid C20:1 

Tridecylic acid C13:0 Eicosadienoic acid C20:2 

Myristic acid C14:0 Behenic acid C22:0 

Tetradecenoylcarnitine C14:1 Mead acid C20:3 

Pentadecylic acid C15:0 Dihomo-γ-linolenic acid C20:3 

Palmitic acid C16:0 Erucic acid C22:1 

Palmitoleic acid C16:1 Arachidonic acid C20:4 

Margaric acid  C17:0 Tricosylic acid C23:0 

Stearic acid  C18:0 Lignoceric acid C24:0 

Elaidic acid C18:1(t) Eicosapentaenoic acid C20:5 

Oleic acid C18:1(c) Nervonic acid C24:1 

Vaccenic acid C18:1 Docosatetraenoic acid C22:4 

Linoleic acid (t) C18:2(t) Cerotic acid C26:0 

Linoleic acid (c) C18:2(c) Docosapentaenic acid C22:5 (n-3) 

γ-Linolenic acid C18:3 Docosapentaenic acid C22:5 (n-6) 

Arachidic acid  C20:0 Docosahexaenoic acid C22:6 

α-Linolenic acid C18:3 Heptacosylic acid C27:0 

Table 3: Names of all fatty acids that had been measured in the study 
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Figure 13: follow-up of preterm infants included in the study (C: circumference, m: month, EPs: 

evoked potentials) 

The study was registered at ClinicalTrials.gov (NCT02503020). (http://clinical 

trial.gov/ct2/show/study/NCT02503020). 

4-2- Ethical statement 

The study was approved by the Galician Research Ethics Committee, Spain. Written 

informed consent was obtained from all parents prior to starting the study, after the 

experimental protocol had been explained to them in detail. 

4-3- Sample 

During the data collection period, 3357 infants were born in our Hospital, of which 61 

weighed <1500g and/or were 25-32week GA (1.8% of total live births), one child was 

excluded during the first week due to severe malformation, parents gave consent to 

participate in the study (30 in each group). 
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Sixty preterm infants entered the study in the first week of age. One died at 2 months, and 

communication was lost with two more: one at 3 months and the other at 6 months of age. 

Three preterm infants were excluded during their first two months because of severe 

intraventricular hemorrhage, and nine children converted to exclusively breastfed during 

the first six months. From 6 months until the end of the study, 45 children completed the 

protocol and the follow up, group A had 24 infants and group B had 21 (table 4). 

Total live births 3357 

Total preterm infants <1500 and/or <32w GA 61 100% 

Total preterm infants included in the study 60 98.4% 

Total preterm infants followed up until the end of the study 45 73.8% 

Table 4: Number of preterm infants included in the study 

4-4- Inclusion and exclusion criteria 

All living infants who were less than 1500 grams and/or between 25 and 32 weeks 

gestational age were enrolled in the study, all parents accepted and subscribed the 

informed consent. 

Patients in the following situations were excluded: 

 Preterm infants with severe malformation.
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 Preterm infants with severe intraventricular hemorrhage or periventricular

leukomalacia (more than grade 2). 

 Neonates who did not need supplementary milk nutrition, i.e. breastfed-

only children. 

4-5- Informed consent 

We wrote the informed consent in accordance with the Law 14/2007, of July 3, about 

biomedical researches. 

4-6- Dietary intervention 

Breastfeeding was encouraged in all preterm infants. Neonates who could not meet more 

than half their milk requirements from their mothers’ milk alone at the end of the first 

week of age were included in the study. Infants in group A received a milk formula for 

preterm infants containing a fixed amount of ω-3 (DHA) lipids (0.33%) with an ω-6/ω-3 

ratio of 2/1. Infants in group B received a formula for preterm infants containing  a similar 

quantity and quality of proteins, carbohydrates, lipids, vitamins, and micronutrients as 

group A, and a fixed amount of ω-3 lipids (0.37%) but with an ω-6/ω-3 ratio of 1/1 (figure 

15). 

It should be noted that neither of the formulas used contained other sources of ω-6 and ω-

3 LCPUFAs besides AA and DHA, therefore when this study refers to the ω-6/ω-3 ratio, 

it is equivalent to the AA/DHA ratio. 
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Whilst in hospital, the two groups received similar quantities of fluids and calories 

(almost 160 ml/kg/day of fluids, and 120 kcal/kg/day), and a breast milk fortifier that did 

not contain lipids. 

At 3 and 6 months of corrected age, the milk type was changed according to nutritional 

requirements, but the same ω-6/ω-3 ratio was maintained in each group (figure 14). 

Parents began adding complementary foods at five months of life. They kept a daily 

nutrition diary, and the omega-6/omega-3 ratio in foods was strictly controlled so that the 

two groups received similar amounts of both omega-6 and omega-3 apart from the 

formula. 

The families of all children in both groups were given the same recommendations and 

encouraged to introduce complementary foods together with milk. 

Nutritional calculation was done by a dietary calculation computer programme 

www.odimet.es®. 

http://www.odimet.es/
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Figure 14: Dietary intervention and children follow up during the first two years of life 
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Table 5 presents the main contents of the formulas used in this study:

Compositions of 100ml of used  formulas Total 

proteins 

g/100mL 

Total 

Lipids 

g/100mL 

Total 

carbohydrates 

g/100mL 

Group A formula Preterm formula (16%) 2.35 4 8.64 

First 6 months formula (13%) 1.43 3.77 7.15 

6-12 months formula (13%) 1.65 2.92 7.67 

Group B formula Preterm formula (16%) 2.27 4.22 8.51 

First 6 months formula (13%) 1.52 3.57 7.67 

6-12 months formula (13%) 1.61 3.09 7.52 

P value ns ns ns 

Human milk * Born <29 weeks GA 2.2 4.4 7.6 

Born 32-33 weeks GA 1.9 4.8 7.5 

Table 5: Total proteins, lipids, and carbohydrate per 100mL of formula used 

Significant differences between formula groups (p value <0.05, Krusskal Wallis test) 

*Bauer et al. 2011 (94)

4-7- Study of other risk factors 

There are a lot of factors and diseases that can affect the growth and development of 

preterm infants especially very preterm infants. 

It was important to establish if there were differences between group A and group B in 

terms of risk factors that could affect mental development. Therefore, sex, gestational age 

(assessed by prenatal echo), birth weight, APGAR, use of surfactant, sepsis (preterm 

infants who had clinical, analytical, or microbiological criteria of sepsis), need for 

mechanical ventilation, use of FiO2 >30%, presence of intracranial haemorrhage, 
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presence of bronchopulmonary dysplasia (preterm infants who had oxygen requirement 

during at least 28 days, they are not necessarily consecutive), and administration of 

ibuprofen for patent ductus arteriosus were assessed in all children who entered the study. 

Finally, parents were asked if they worked, and their educational level. 

4-8- Anthropometric measurement 

To follow the physical growth of each child, weight, length and head circumference were 

determined at birth, one week old, 3, 6, 9, 12, 18, and 24 months. 

Corrected age estimates were used to determine the times of measurements, and all of 

them were performed with the same device and by the same skillful trained personnel. 

For weight, a special balance was used (Seca), which had two programs: one with an 

expected error of 3g and minimum and maximum limits of 40g – 6000g, respectively, 

(used until 3 months of age) and the other program with an expected error of 5g and 

minimum and maximum limits of 100 g – 15 000 g, respectively, (used for infants older 

than 3 months). 

Length was measured using a special sliding infant measuring table (counter recording) 

with an expected error of 2 mm and a minimum and maximum of 20cm and 100cm, 

respectively (Holtain). 

Head circumference was determined using a non-stretchable measuring tape, measuring 

the perimeter at the level of the occipital prominence at the back and the mid forehead at 

the front. 

Anthropometric assessment was expressed as percentiles with respect to the reference 

population. Fenton (95) and Carrascosa tables (96) were used as reference values. 
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All the measurements were compared with a 10, 50, 90 percentiles of growth,  depending 

on special tables of weight, height and head circumference for male and females children 

from birth until two years of age. Corrected age was used for the comparison with 

percentiles of population. 

Additionally the calculator of weight, length and head circumference for age percentiles 

for boys and girls from www.medscape.com (CDC growth charts) was used to ensure the 

results and to calculate the z score (97). 

4-9- Lipid extraction and fatty acid analyses 

For fatty acid analysis, blood samples were collected from study children at 1 week of 

age, then at 3, 6, and 12 months. 

The samples were obtained by venipuncture 1ml of blood from studied children at birth, 

3, 6, and 12 months of life. 

The samples were collected into EDTA-containing tubes. After centrifugation, plasma 

was removed and stored at -80ºC until analysis. 

Then samples were sent in frozen preservation to the laboratory of Hospital de Cruces, 

Bilbao, Spain in order to analyze lipids. 

When all specimens were gathered in this laboratory, plasma total fatty acids (FA) were 

trans-methylated according to Lepage and Roy (98) using tridecanoic acid as the internal 

standard. The fatty acid methyl esters were separated and quantified on an Agilent 

Technologies 7890A gas chromatograph using a flame-ionization detector on a capillary 

column SP 2380 (Supelco, Bellefonte, PA, USA). 1µL of prepared plasma were injected 

in splitless mode. The oven temperature was 60ºC on injection, and this was maintained 



Patients and methods 

93 

for 2 min, then raised by 35ºC/min to 190ºC, 8ºC/min to 210ºC and maintained for 10 

min, and finally raised by 2.5º C/min to 240ºC and isothermally maintained for 5 min. 

Injector and detector temperatures were 250ºC. Hydrogen was used as the carrier gas 

under a pressure of 11.6 psi at 1mL/min, and nitrogen was used as gas saver. Identification 

of fatty acids was performed by comparison with commercial standards from Nu Chek 

(Elysian, MN, USA) and Sigma (Madrid, Spain). Quantification of each fatty acid was 

quantified using electronic integration in the offline Chem Station. 

4-10- Assistant used tests 

The following paragraphs will define Brunet-Lezin escale and explain the mechanism, 

function and results of visual-evoked potential VEP and brainstem auditory-evoked 

potential BAEP. 

4-10-1- Brunet-Lezine scale

This scale is used to measure the Psychomotor Development of the First Infancy ages: 

from 0 to 30 months (99,100). 

Objective Evaluation of the maturation level of the child in four areas that he explores: 

(P) Control position, (C) Coordination ocular-motive, (L) Language/communication, (S) 

Social / autonomy. 

The Brunet-Lezine contemplates the following levels of age: 1 month - 2 months - 3 

months - 4 months - 5 months - 6 months - 7 months - 8 months - 9 months - 10 months 

- 12 months - 14 months - 17 months - 20 months - 24 months - 30 months. In every level 
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they present 10 articles. For example, in the level of 24 months (which we had used in 

our study): 

Postural: gives a kick to the ball when it is ordained, kept on one leg with help. 

Coordination: aligns the buckets to imitate to the train, imitates a stripe without observing 

the direction, he adapts to the draft of the slat for three chunks. 

Language: names six images, identifies eight objects or names four, speaks phrases of 

three words, uses his name when he speaks of himself or of an object that belongs to him. 

Socialization: washes his hands and tries to dry them. 

If a child realizes all proofs of his level of age, he passes to the testing of the following 

level until it fails in all the proofs of a level. Equally if one child fails one move back an 

test of a level until it completes a level of age without any failure. The points obtained in 

each of four areas it turns into partial ages of development, and the total number of points 

of the whole scale turns into global age of development. Likewise there are obtained four 

quotients of development and a global quotient of development, with average of 100 (99). 

4-10-2- Evoked potential 

An evoked potential is an electrical response that follows stimulation of the CNS by a 

specific stimulus of the visual, auditory, or sensory system. Clinical application of evoked 

potentials in infants and children has increased dramatically during the past decade. 

In this trial, evoked potentials were performed using the same technique and device 

(Nicolet Viking IV NT), and the results were evaluated by the same trained personnel. 
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4-10-2-1- Visual-evoked potentials (VEPs) 

Stimulation of the visual system by a flash or patterned stimulus, such as a black-and-

white checkerboard, produces visual-evoked potentials, which are recorded over the 

occiput and averaged in a computer. Abnormal VEPs result from lesions involving the 

visual system from the retina to the visual cortex. Neurodegenerative diseases, such as 

Tay-Sachs, Krabbe, Pelizaeus-Merzbacher disease, and neuronal ceroidlipofuscinoses, 

show characteristic VEP abnormalities. Lesions of the optic nerve and chiasm also 

produce abnormalities in the VEP response. The VEP, using patterned stimuli, is useful 

particularly in assessing visual function in at-risk neonates (101). 

VEPs are electrophysiologic responses to stimulation by either patterned or unpatterned 

visual stimuli. Stimulation at a relatively low rate (up to 4/s) will produce “transient” 

VEPs. Stimulation at higher rates (10/s or higher) will produce responses that merge into 

relatively simple oscillations occurring at the frequency of stimulation. These persist for 

the duration of the stimuli and are referred to as “steady-state” VEPs. Responses evoked 

by patterned stimuli are “pattern” VEPs or PVEPs. Responses evoked by unpatterned 

stimuli are “flash” VEPs or FVEPs.  Flash VEPs are also very useful in predicting 

outcome in term infants after asphyxia (101). 

Most constant VEP wave is the N75-P100-N135 (or N145) Complex (figure 15). 

Pattern VEP technique was used in our study and classified the results of VEPs, meanly 

according to P100, as normal VEP and abnormal VEP. 
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Figure 15: Normal response PVEP waveform 

Abnormality may present as changes in latency, amplitude, topography, and waveform. 

P100 latency prolongation is the most reliable indicator of clinically significant 

abnormality, being least affected by technical factors and degree of patient cooperation 

(101). 

4-10-2-2- Brainstem auditory-evoked potentials (BAEPs) 

It is used to objectively measure hearing acuity, particularly in a neonate or uncooperative 

child when routine hearing assessment techniques have failed. BAEPs are abnormal in 

many neurodegenerative diseases in children and are an important tool in evaluating 

patients with suspected tumors of the cerebellopontine angle. BAEPs are helpful in the 

assessment of brainstem function in comatose patients, because the waveforms are not 

affected by drugs or by the level of consciousness. They are not accurate in predicting 

neurologic recovery and outcome (102). 

Short-latency auditory evoked potentials (SAEPs) are electrical responses of the auditory 

pathways that occur within 10-15ms of an appropriate acoustic stimulus in normal 
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subjects. This generic term encompasses two categories of events: the 

“electrocochleogram” and the “brainstem auditory evoked potentials.” 

Both terms, “electrocochleogram” and “brainstem auditory evoked potentials,” are 

somewhat inappropriate in that 

 The most prominent component of the “electrocochleogram” does not arise from

the cochlea itself but from primary auditory nerve fibers; 

 The first component of the “brainstem auditory evoked potentials” does not arise

in the brainstem but in the auditory nerve; 

 The latest components may or may not originate, at least in part, above the

brainstem. 

In spite of these objections, both terms are recommended as standard terminology because 

they are widely used and understood by all in the field. We can see normal BAEP 

recording in figure 16 (102). 

Figure 16: Normal BAEPs recording between vertex and ipsilateral earlobe (top trace) and vertex and 
contra-lateral earlobe (bottom trace). 

Stimulus intensities employed generally range between 20 and 120 dB. 
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Measurements must include the following: (1) wave I peak latency; (2) wave III peak 

latency; (3) wave V peak latency; (4) I-III inter peak interval; (5) III-V inter peak interval; 

(6) I-V inter peak interval; (7) wave I amplitude; (8) wave V amplitude; and (9) wave IV-

V/I amplitude ratio. We used these criteria to classify our results to normal and abnormal 

responses and consider the failing of response to stimulus more than 20 dB is the 

borderline limit. 

Abnormal BAEP measures do not necessarily imply altered retrocochlear function. At 

present, criteria for retrocochlear dysfunction include the following. 

 Absence of all BAEP waves I through V. unexplained by extreme hearing loss

determined by formal audiometric testing. 

 Absence of all waves following waves I, II, or III.

 Abnormal prolongation of I-III, III-V. And I-V inter peak intervals. I-III or III-V

intervals can sometimes be abnormally prolonged even in the face of a normal I-

V interval. 

 Abnormal diminution of the IV-V/I amplitude ratio, especially when accompanied

by other abnormalities. 

 Abnormally increased differences between the two ears (interaural differences) as

regards the I-III, III-V, and I-V inter peak intervals, when not explained by 

unilateral or asymmetric middle and/or ear dysfunction determined by appropriate 

audiometric tests (102). 

4-11- Power calculation and randomization 

The primary outcome of the study was psychomotor development. Differences in the 

Brunet-Lézine score were expected; therefore, the sample size was calculated on this 
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parameter using Brunet-Lézine score results from the SEN 1500 study over 9 years (from 

2003 to 2011). The absolute effect size was estimated for comparison between formula- 

and human milk-fed children: it was 7.2 points. The sample size was 30 infants in each 

group, achieving an observed power of 80%. 

The double-blind randomized allocation of infants to a study formula was stratified for 

gender, and a block size of four was applied. The researcher that generated the random 

allocation sequence was not the same researcher that enrolled participants and assigned 

participants to interventions. Participants and investigators were blinded to formula 

allocation until all data analysis had been performed. 

4-12- Statistical analysis 

Categorical variables were presented as a number and percentage, while continuous 

variables ware presented as mean and standard deviation if they followed normal 

distribution or median and range in case they did not follow normal distribution. 

All statistical calculations were performed with SPSS (SPSS, v.20.0, Chicago, Illinois, 

USA). The normality of data was analyzed with the Shapiro-Wilk test. A p value < 0.05 

was used for statistical significance (two-tailed test), with 95% confidence interval. 

Multiple testing corrections were performed using Bonferroni correction. Qualitative 

variables were compared between groups using a chi-square test. To evaluate Brunet-

Lézine score, Wilcoxon test was performed between each pair of groups (A and B, A and 

control, and B and control). For fatty acids values in plasma and anthropometric 

measurements, quantitative variables were compared between groups and using 

Wilcoxon test. 
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We made the comparison of the variables measured between the two groups, such as the 

results of physical growth (weight, length and head circumference) as well as the results 

of the VEP, BAEP, Brunet-Lézine scale, and concentrations of fatty acids. 

We also intended to study the incidence of presentation of certain diseases according to 

the distribution of the level of fatty acids in children formula and plasma. This bivariate 

analysis was made to obtain the measurement of the relative risk associated with that 

distribution. 



5- Results
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Sixty-one infants were recruited and 60 infants were randomly assigned to one of the two 

study formulas. 45 infants were followed up until 24 months of age. 

During the first month of life, 54% of group A and 48% of group B were fed on breast 

milk supported with one of the formulas. At 3 months of chronological age, 79% of group 

A and 76% of group B were fed exclusively on formula, and at 6 months, 92% of group 

A and 86% of group B were fed exclusively on formula. The percentage of feeds provided 

by breast milk in all mixed-fed infants was less than 40% of total milk: Group A, mean 

21%, (range 10 to 35%); Group B, mean 26%, (range 15 to 39%). There were no 

statistically significant differences between the two groups. 

The anthropometric measurement and Brunet-Lézine assessment results from the 2 

sample groups were compared with the results from 25 preterm infants (<1500g) from 

the same hospital (CHUS), who were fed exclusively with human milk. 

The following points were assessed: 

5-1- Study of lipid profile 

Firstly, lipid profile was evaluated in all preterm infants without regard to the type of 

formula that the child was fed with. 

Mean and standard deviation of every fatty acid (as percentage of total weight of FA) 

were calculated in plasma in every preterm infant at the end of the first week of life, three, 

six, and twelve months. 

Means, standard deviations, and levels of every fatty acid were assesed over time and the 

results are viewed in table 6, and in figure 17. It could be seen the differences of the means 

according to the age. 
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Some samples were not taken during follow-up due to parental refusal (one at 1 week, 

five at 3 and 6 months each, and three at 12 months of age). 

All the results were analyzed. The polyunsaturated fatty acid who had the higher 

concentration was C18:2 ω6 cis (linoleic acid) ≈25% of all fatty acids, then C20:4 ω6 

(AA) ≈6% and the third one was C22:6 ω3 (DHA) ≈2%. 

The fundamental saturated fatty acid was C16 (palmitic acid) ≈20% of all fatty acids and 

the most important monounsaturated acid was C18:1 ω9 cis (oleic acid) ≈25%. 

The levels of most fatty acids clearly changed with the time after the administration of 

mother milk and the studied formulas. The majority decreased (for example C16:0, 

C18:0, C16:1, C18:1, C20:3, C20:4) and some increased (for example C12:0, c18:2, 

c22:5). 
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Composition  of fatty acids In plasma (as 
percentage  of total FA) 

Birth 
(n= 44) 

3 months 
(n= 40) 

6 months 
(n=40) 

12 months 
(n= 42) 

P 
value# 

Mean (SD)% Mean (SD)% Mean (SD)% Mean (SD)% 

Saturated fatty acids (%) 

C12:0  Lauric acid 1.23 (0.78) 2.17 (1.60)* 4.50 (1.84)* 3.96 (1.17)* 0.00 

C14:0 Myristic acid  1.38 (0.52) 1.59 (0.62) 1.97 (0.36)* 1.81 (0.35)* 0.00 

C15:0  Pentadecylic acid 0.57 (0.42) 0.46 (0.21) 0.44 (0.15) 0.42 (0.22) ns 

C16:0 Palmitic acid  22.55 (2.87) 20.10 (2.22)** 20.39 (1.08)** 19.71 (0.96)** 0.00

C17:0 Margaric acid  0.50 (0.14) 0.46 (0.11) 0.36 (0.10)** 0.37 (0.10)** 0.00 

C18:0 Stearic acid  8.30 (1.36) 8.39 (0.99) 7.30 (0.79)** 7.10 (0.96)** 0.00 

C20:0 Arachidic acid 0.26 (0.11) 0.23 (0.08) 0.15 (0.06)** 0.22 (0.05) 0.00 

C22:0 Behenic acid 0.97  (0.35) 0.65 (0.35)** 0.59 (0.11)** 0.54 (0.10)** 0.00 

C23:0 Tricosylic acid 0.04 (0.02) 0.03 (0.02) 0.02 (0.01)** 0.01 (0.01)** 0.00 

C24:0 Lignoceric acid 0.42 (0.13) 0.36 (0.09)** 0.41 (0.14) 0.43 (0.12) ns 

C26:0 Cerotic acid 0.00 (0.01)  0.00 (0.00) 0.00 ( 0.01) 0.00 (0.00) ns 

Monounsaturated fatty acids (%) 

C14:1ω5 Tetradecenoylcarnitine 0.28 (0.19) 0.29 (0.22) 0.17 (0.10)** 0.11 (0.04)** 0.00 

C16:1ω7 Palmitoleic acid 3.89 (2.09) 1.51 (1.93)** 0.87 (0.32)** 1.06 (0.32)** 0.00 

C18:1ω9(trans) Elaidic acid 0.24 (0.12) 0.25 (0.10) 0.18 (0.06)** 0.18 (0.04)** 0.00 

C18:1ω9(cis) Oleic acid 25.39 (3.19) 25.89 (2.41) 23.61 (2.09)** 23.14 (2.73)** 0.00

C18:1ω7 Vaccenic acid 0.55 (0.93) 0.24 (0.48) 0.24 (0.35) 0.13 (0.07) 0.03 

C20:1ω9 Gondoic acid 0.09 (0.19) 0.06 (0.03) 0.05 (0.02) 0.05 (0.01) ns 

C22:1ω9 Erucic acid 0.07 (0.03) 0.05 (0.02)** 0.05 (0.02)** 0.05 (0.02)** 0.00 

C24:1ω9 Nervonic acid 1.16 (0.35) 0.93 (0.27)** 0.77 (0.20)** 0.81 (0.20)** 0.00 

Polyunsaturated fatty acids (%) 

C18:2ω6(tras) Linoleic acid (trans) 0.11 (0.06) 0.13 (0.04) 0.14 (0.10) 0.11 (0.02) ns 

C18:2ω6(cis) Linoleic acid (cis) 18.18 (8.80) 24.65 (4.64)* 26.81 (1.84)* 28.02 (1.73)* 0.00 

C18:3ω6 γ-Linolenic acid 1.39 (0.91) 1.10 (0.72) 1.28 (0.72) 1.56 (0.68) ns 

C18:3ω3 α-Linolenic acid 0.92 (1.02) 0.87 (0.25) 0.75 (0.15) 0.78 (0.19) ns 

C20:2ω6 Eicosadienoic acid 0.09 (0.05) 0.10 (0.07) 0.10 (0.07) 0.08 (0.03) ns 

C20:3ω9 Mead acid 0.10 (0.04) 0.09 (0.03) 0.06 (0.02)** 0.07 (0.02)** 0.00 

C20:3ω6 Dihomo-γ-linolenic acid 1.50 (0.46) 1.27 (0.38)** 0.74 (0.24)** 0.88 (0.19)** 0.00 

C20:4ω6 Arachidonic acid 7.04 (1.67) 5.81 (1.50)** 5.76 (1.59)** 6.06 (1.78)** 0.00 

C20:5ω3 Eicosapentaenoic acid 0.14 (0.14) 0.11 (0.10) 0.06 (0.07)** 0.02 (0.01)** 0.00 

C22:4ω6 Docosatetraenoic acid 0.37 (0.10) 0.29 (0.06)** 0.28 (0.06)** 0.35 (0.09) ns 

C22:5ω6 Docosapentaenoic acid 0.06 (0.05) 0.06 (0.07) 0.04 (0.02)** 0.04 (0.01) 0.01 

C22:5ω3 Docosapentaenoic acid 0.05 (0.03) 0.04 (0.02) 0.05 (0.02) 0.06 (0.02)* 0.01 

C22:6ω3 Docosahexaenoic acid 1.81 (0.58) 1.92 (0.32) 1.90 (0.39) 1.89 (0.50) ns 

Table 6: Mean and standard deviation of the compositions of fatty acids in plasma (% of total FA) in 
very preterm infants (n= number; ns= not significance) 
* Significantly increased since birth (p value<0.05), ** significantly decreased since birth (p
value<0.05) Wilcoxon test was used. 
#p value between groups was calculated by anova test 
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Figure 17: compositions (% of total FA) of fatty acids in plasma in very  preterm infants at birth, 3, 6, 
and 12 months corrected age(c= cis, t= trans) 
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The total saturated, unsaturated, ω-3 and ω-6 lipids were added together in each age; then 

the mean, and SD were calculated and studied (table 7). 

It could be seen that PUFA, total ω-6 and ω-6/ω-3 ratio increased, on the contrary MUFA 

and SFA decreased with age, while ω-3 did not show a significant changes. 

Concentration of fatty acids In 
plasma (as  percentage of 
total FA) 

Birth 

(n= 44) 

3 months 

(n= 40) 

6 months 

(n= 40) 

12 months 

(n= 42) 

p value 
# 

Mean (SD) % Mean (SD) % Mean (SD) % Mean (SD) % 

Saturated fatty acids 36.21 (4.45) 34.39 (3,04)** 36.09 (1.51) 34.55 (1.34)** 0.00 

Monounsaturated fatty acids 31.66 (4.39) 29.17 (3,20)** 25.94 (2.11)** 25.51 (2.62)** 0.00 

Polyunsaturated fatty acids 32.13 (8.08) 36.43 (4,58)* 37.97 (2.42)* 39.94 (2.62)* 0.00 

Total ω-6 29.11 (7.43) 33.40 (4,37)* 35.13 (2.30)* 37.11 (2.65)* 0.00 

Total ω-3 2.92 (0.86) 2.94 (0,42) 2.75 (0.33) 2.76 (0.42) ns 

ω-6/ ω-3 ratio 10.4/1 (2.6/1) 11.5/1 (1.6/1)* 12.9/1 (1.5/1)* 13.8/1 (2.6/1)* 0.00 

Table 7: Mean and standard deviation of compositions of total saturated and unsaturated fats  in 
plasma in very  preterm infants at birth, 3, 6, and 12 months of age (ns= not significance, n= number) 

* Significantly increased since birth (p value<0.05), ** significantly decreased since birth (p
value<0.05) Wilcoxon test was used 

#p value between groups was calculated by anova test 
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It could be observed, in figure 18, that PUFA average increased with age (32.13% at birth 

and 39.94% at 12 months), while saturated and monounsaturated lipids average 

decreased.

Figure 18: Comparison of the means of total saturated and unsaturated fatty acids percentages in 
plasma in very preterm infants at birth, 3, 6, and 12 months of age 

Furthermore, in figure 19, it could be noticed that the total ω-6 and ω-6/ω-3 ratio 

increased with age; however the mean of total ω-3 did not change. 

Figure 19: Comparison of the means of the percentages of total ω-3, ω-6 andω-6/ ω-3 percentages in 
plasma in very preterm infants at birth, 3, 6, and 12 months of age 

20

25

30

35

40

45

birth 3 months 6 months 12 months

%
 o

f 
to

ta
l F

A

SFA

MUFA

PUFA

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

40.00

birth 3 months 6 months 12 months

%
 o

f 
to

ta
l F

A

Total w6

Total w3

w6/w3



Results 

109 

Figures 20-21-22-23-24 show average and standard deviation of all types of FA in this 

trial. 

Figure 20: Means and SDs of total saturated fatty acids percentages in plasma in very preterm infants 
at birth, 3, 6, and 12 months of age 

Figure 21: Means and SDs of total monounsaturated fatty acids percentages in plasma in very preterm 
infants at birth, 3, 6, and 12 months of age 

30

32

34

36

38

40

42

birth 3 months 6 months 12 months

%
 o

f 
to

ta
l F

A

SFA

20

22

24

26

28

30

32

34

36

38

birth 3 months 6 months 12 months

%
 o

f 
to

ta
l F

A

MUFA



Results 

110 

Figure 22: Means and SDs of total polyunsaturated fatty acids percentages in plasma in very preterm 
infants at birth, 3, 6, and 12 months of age 

Figure 23: Means and SDs of total omega-6 percentages in plasma in very preterm infants at birth, 3, 
6, and 12 months of age 
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Figure 24: Means and SDs of total omega-3 percentages in plasma in very preterm infants at birth, 3, 
6, and 12 months of age 
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 Higher levels of PUFA at 6 and 12 months of age (p =0.022 and p =0.013,
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 Higher levels of ω-3 and DHA at 6 months (p =0.039 and p =0.002, respectively).

 Similar plasma ω-6/ω-3 ratio at 3, 6, and 12 months of age.
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There were no significant differences in docosapentaenoic acid (C22:5 ω3), 

eicosapentaenoic acid (C20:5 ω3), or linoleic acid (C18:2 ω6) between the two groups at 

6 or 12 months. 



Results 

113 



Results 

114 



Results 

115 

In figure 25 and 26, a comparison of DHA and AA average had been made between both 

groups and it could be noted the higher levels in ω-6/ω-3=2/1 group (group A). 

Figure 25: Comparison of the means of arachidonic acid in plasma, in very preterm infants at 3, 6, 
and 12 months of age, between our two groups (m= months). 

Figure 26: Comparison of the means of docosahexaenoic acid in plasma, in vey preterm infants at 3, 

6, and 12 months of age, between our two groups (m= months)
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Additionally, total ω3 and total ω6 were compared (figure 27 and 28), and the same result 

was found with ω-6/ω-3=2 group (group A). 

Figure 27: Comparison of the means of total omega-6 lipids in plasma, in very preterm infants at 3, 
6, and 12 months of age, between our two groups (m= months). 

Figure 28: Comparison of the means of total omega-3 lipids in plasma, in very preterm infants at 3, 
6, and 12 months of age, between our two groups (m= months) 
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Figure 29 compares total PUFA between group A and group B (group A had higher 

average). 

Figure 29: Comparison of means of total polyunsaturated lipids in plasma, in great  preterm infants 
at 3 months, 6 months and 12 months of age, between our two groups (m= months)

Finally, figure 30 shows that two groups had almost the same ratio between ω-6 and ω-3 

at 3, 6, 12 months. 

Figure 30: Comparison of the means of omega-6/omega-3 ratio in plasma, in very preterm infants at 
3, 6, and 12 of age, between our two groups (m= months)
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5-3- Study of the effect of other factors on preterm infants 

neurodevelopment 

It was important to establish if there were differences between group A and group B in 

terms of risk factors that could affect mental development. 

Once these factors were analyzed, the three groups (both formula groups and control 

group) were compared, and no significant differences were found between them; p value 

was >0.27 in all (Table 9 and figure 31). 
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 Some risk factors ω-6/ω-3=2 

Group A 

n=24 

ω-6/ω-3=1 

Group B 

n=21 

Control group 

n=25 

p value 

n (rate) n (rate) n (rate) 

12 (50%) 11 (52%) 12 (48%) ns 

7 (29%) 7 (33%) 8 (32%) ns 

5 (21%) 4 (19%) 5 (20%) ns 

5 (21%) 4 (19%) 4 (25%) ns 

2 (8%) 2 (10%) 3 (12%) ns 

8 (33%) 8 (38%) 8 (32%) ns 

4 (17%) 4 (19%) 5 (20%) ns 

9 (38%) 6 (29%) 8 (32%) ns 

9 (38%) 7 (33%) 6 (24%) ns 

3 (13%) 3 (14%) 4 (16%) ns 

7 (29%) 7 (33%) 7 (28%) ns 

2 (8%) 1 (5%) 1 (4%) ns 

2 (8%) 1 (5%) 2 (8%) ns 

Male 

Gestation age <30 weeks 

Weight at birth <1000g 

APGAR at 5 min <9 

APGAR at 10 min <9 

Need of surfactant 

Sepsis 

Mechanical ventilation 

Need of FiO2>30% 

Intracranial hemorrhage (grade I or II)  

Need of ibuprofen 

Bronchopulmonary dysplasia 

Both parents do not have job 

Both parents do not have university degree 13 (54%) 12 (57%) 12 (48%) ns 

Table 9: Comparison of risk factors in children between the two sample groups (min= minutes, n= 
number, ns= not significance) significant differences between groups (p <0.05, Chi-square test) 
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Figure 31: Comparison of risk factors in children between the two sample groups (m= minutes, w= 
weeks, MV=mechanical ventilation, ICH= intracranial hemorrhage, BPD= broncho-pulmonary 
dysplasia)
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5-4- The relationship between ω-6/ω-3 ratio in formula and the weight 

acquisition of preterm

The average weight gain over time was compared in the preterm infants consuming ω-

6/ω-3=1/1 and ω-6/ω-3=2/1 formulas. There was no significant differences. 

Moreover, weight, length, and head circumference results were reviewed in the control 

group of preterm infants (<1500g) fed with exclusive human milk (control group). 

Anthropometric measurements were taken at 24 months corrected age in 25 children (12 

male and 13 female). 

5-4-1- Males 

For males it was observed, in table 10 and figures 32-33, that the weight-for-age 

percentiles in both groups went along to the 10th percentile from birth until two years to 

age when the lines of two formulas raised similarly. 

We noted that the control group male infants (exclusive breastfed group) had higher 

average of weight at 24 months. 
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Male line of 
weight 
growth 

10th 

Line 

g 

50th 

Line 

g 

90th 

line 

g 

Mean 
group B 
(n=21) 
 g 

Mean 
group A 
(n=24) 
g 

z score 
group B 

z score 
group 
A 

P 
value 

W 1 * --- --- --- 1254 1460 --- --- ns 

W 2 --- --- --- 1230 1379 --- --- ns 

W 3m 5000 5900 6900 4299 4773 -2,9 -2,2 ns 

W 6m 6800 8000 9200 6657 7316 -1,8 -0,9 ns 

W 9m 8100 9300 10700 7916 8034 -1,6 -1,5 ns 

W 12m 8900 10300 11700 9276 9233 -1,1 -1,1 ns 

W 18m 10100 11700 13400 10809 10902 -0,8 -0,7 ns 

W 24m 11000 12700 14600 12295 12192 -0,3 -0,4 ns 

exclusive human milk  at 24m of corrected age in males 
n=12 

Mean    12368g z score -0.3 

Table 10: Weight growth lines of male children in two milk groups compared with 10th, 50th and 90th 
percentile lines (m=months, g=gram, W= weight, W1= weight at birth, W2= weight at one week) 
significant differences between groups (p< 0.05, Wilcoxon test) 
* We notice here that we could not compare with the percentiles at birth because our preterm infants,
that we had studied, have different gestational age. 
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Figure 32: Weight growth lines of male children in two milk groups compared with 10th, 50th and 
90th percentile lines (M=mean, m=months, W1= weight at birth, W2= weight at one week).

Figure 33: z score of weight of male children in two milk groups (m=months) 
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5-4-2- Females 

For females, the table 11 and figures 34-35 show how the weight-for-age percentiles in 

children with ω-6/ω-3=2/1 formula (group A) went parallel to the 10th percentile for 

weight and ascended at 18 and 24 months of life with z score of (-0.9) at two years old. 

While the mean of females nourished with ω-6/ω-3=1/1 (group B) formula descended at 

the age of 9 months then ascended, but did not reach the 10th percentile with a z score of 

(-2) at two years old. 

Control group had a higher average at 24 months. 

Female line of 
weight 
growth 

10th 

line 

g 

50th 

line 

g 

90th 

line 

g 

Mean 
group B 
(n=21) 
g 

Mean 
group A 
(n=24) 
g 

z score 
group 
B 

z score 
 group 
A 

p 
value 

W 1 --- --- --- 1154 1287 --- --- ns 

W 2 --- --- --- 1111 1224 --- --- ns 

W 3m 4700 5500 6400 4440 4129 -2 -2,5 ns 

W 6m 6.400 7500 8500 6719 6596 -0,9 -1 ns 

W 9m 7500 8700 10000 7136 7232 -1,8 -1,7 ns 

W 12m 8300 9700 11700 7040 8368 -3 -1,4 0.02 

W 18m 9500 11000 12700 8694 9798 -2,5 -1,2 ns 

W 24m 10300 12100 14000 9979 11038 -2 -0,9 ns 

exclusive human milk  at 24m of corrected age in females 
n=13 

Mean 11211g  z score -0.8  

Table 11: Weight growth lines of female children in two milk groups compared with 10th, 50th and 
90th percentile lines (m=months, g=gram, W=weight, W1= weight at birth, W2= weight at one week) 
significant differences between groups (p< 0.05, Wilcoxon test) 
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Figure 34: Weight growth lines of female children in two milk groups compared with 10th, 50th and 
90th percentile lines (M=mean, m=months, W1= weight at birth, W2= weight at one week).

Figure 35: z score of weight of female children in tow milk groups (m=months) 
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5-4-3- Reaching the 50th percentile 

Table 12 and figure 36 compare the number and the proportion of children (males and 

females) who reached the 50th percentile for weight at 3, 6, 9, 12, 18 and 24 months of 

life. 

It could be observed that there is no significant difference between the two groups. 

Weight >50% 3 m 6 m 9 m 12 m 18 m 24 m 

ω-6/ω-3=2/1 (group 
A) 
24 children 

0 
(0%) 

0 
(0%) 

2 
(8.3%) 

3 
(12.5%) 

5 
(20.8%) 

6 
(25%) 

ω-6/ω-3=1/1 (group 
B) 
21 children 

0 
(0%) 

0 
(0%) 

2 
(9.5%) 

3 
(14.3%) 

4 
(19%) 

5 
(23.8%) 

P value ns ns ns ns ns ns 

Table 12: Comparison of number and rate of children reaching the 50th percentile weight line (m= 
months, ns= not significance) significant differences between groups (p<0.05, Chi-square test) 

Figure 36: Comparison of number and rate of children reaching the 50th percentile weight line 
(m=months) 
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5-4-4- Reaching the 10th percentile 

A similar comparison was performed, but for infants (males and females) who reached 

10th percentile for weight. An important difference between the two groups of formula 

was noted especially at the age of 18 and 24 months, at 24 months 38.1% with ω-6/ω-

3=1/1 vs. 79.2% with ω-6/ω-3=2/1 milk had reached the 10% line at this age (p value: 

0.017). 

This result could be seen in table 13 and figure 37. 

Weight >10% 3 m 6 m 9 m 12 m 18 m 24 m 

ω-6/ω-3=2/1 (group 
A) 
24 children 

7 
(29.2%) 

11 
(45.8%) 

14 
(58.3%) 

15 
(62.5%) 

18 
(75%) 

19 
(79.2%) 

ω-6/ω-3=1/1 (group 
B) 
21 children 

3 
(14.3%) 

5 
(23.8%) 

6 
(28.6%) 

6 
(28.6%) 

8 
(38.1%) 

9 
(42.9%) 

P value ns ns ns ns 0.018 0.017 

Table 13: Comparison of number and rate of children reaching the 10th percentile weight line 
(m=months, ns= not significance) significant differences between groups (p<0.05, Chi-square test) 

Figure 37: Comparison of number and rate of children reaching the 10th percentile weight line 
(m=months) 
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5-5- The relationship between ω-6/ω-3 ratio in formula and the length 

acquisition

The median lines of length growth had been compared in the preterm infants consuming 

ω-6/ω-3=1/1 and ω-6/ω-3=2/1 formulas. There was no significant differences. 

5-5-1- Males 

For males, it was noticed, as it could be seen in table 14 and figures 38-39, that the average 

length growth in both groups went along to the 10th percentile, however by the age of 

two years, the mean of group A raised more (z score:  -0.4) compared with group B (z 

score: -0.8). 

Control group had a higher average of length at the age of 24 months. 



Results 

129 

Male line of 
length 
growth 

10th 

line 

cm 

50th 

line 

cm 

90th 

line 

cm 

Mean 
group B 
(n=21) 
cm 

Mean 
group A 
(n=24) 
cm 

z score 
group B 

z score 
group A 

p 
value 

L 1 --- --- --- 38 40,6 --- --- ns 

L 2 --- --- --- 39,4 40,8 --- --- ns 

L 3m 58 61,5 63,5 52,3 54,3 -4,3 -3,6 ns 

L 6m 65 68 71 63,8 63,1 -1,7 -2 ns 

L 9m 70 73 76 69,7 69,7 -1 -1 ns 

L 12m 73 76 79,5 73,6 74,1 -0,9 -0,7 ns 

L 18m 78 82 85,5 78,9 79,4 -1,1 -0,9 ns 

L 24m 83 87 91 84,9 86,1 -0,8 -0,4 ns 

exclusive human milk  at 24m of corrected age in males 
n=12 

Mean 86,3cm z score -0.4 

Table 14: length growth lines of male children in two milk groups compared with 10th, 50th and 90th 
percentile lines (m=months, cm=centimeter, L= length, L1= length at birth, L2= length at one week) 
significant differences between groups (p< 0.05, Wilcoxon test) 
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Figure 38: Length growth lines of male children in two milk groups compared with 10th, 50th and 
90th percentile lines (M= mean, m= months, L1= length at birth, L2= length at one week)  

Figure 39: z score of length of male children in two milk groups (m= months) 
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5-5-2- Females 

The table 15 and figures 40-41 shows how the length growth in female children who were 

fed with both milk formulas (ω-6/ω-3=2/1 and ω-6/ω-3=1/1) reached the 10th percentile 

for length at six months and maintained this percetile rank until two years of age, however 

the line of ω-6/ω-3=2/1 (group A) was higher (z score: -1 vs. -1.2). 

And it was noted that females in control group had a higher mean of length compared to 

both of the two formula groups at 24 months of age. 

Female line of 
length 
growth 

10th 

line 

cm 

50th 

line 

cm 

90th 

line 

cm 

Mean 
group B 
(n=21) 
 cm 

Mean 
group A 
(n=24) 
 cm 

z score 
group B 

z score 
group A 

P 
value 

L 1 --- --- --- 36,4 39,2 --- --- ns 

L 2 --- --- --- 36,3 38,9 --- --- ns 

L 3 m 56 59 61,5 50 49,8 -4,3 -4,4 ns 

L 6 m 62 65,5 68 60,5 60,8 -2,1 -2 ns 

L 9 m 67 70,5 73,5 64,6 65,3 -2,1 -1,9 ns 

L 12 m 70 74 77,5 68,4 69,8 -2 -1,5 ns 

L 18 m 76 80,5 85 75,8 77,6 -1,5 -1 ns 

L 24 m 81,5 86 89 82 82,6 -1,2 -1 ns 

exclusive human milk  at 24m of corrected age in females  
n=13 

Mean 84.4cm z score -1.5 

Table 15: Length growth lines of female children in two milk groups compared with 10th, 50th and 
90th percentile lines (m=months, cm=centimeter, L= length, L1= length at birth, L2= length at one 
week) significant differences between groups (p< 0.05, Wilcoxon test) 
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Figure 40: length growth lines of females children in two milk groups compared with 10th, 50th and 
90th percentile lines (M= mean, m= months, L1= length at birth, L2= length at one week). 

Figure 41: z score of length of female children in two milk groups (m=months) 
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5-5-3- Reaching the 50th percentile

The table 16 and figure 42 compare the number of children (males and females) who 

reached the 50th percentile for length at 3, 6, 9, 12, 18 and 24 months of life. 

It could be observed that the proportion of infants who reached this percentile at 24 

months was higher in group A, 21%, compared to only 14.3% in group B, but this 

difference did not show a statistical importance (p value: 0.58). 

length > 50% 3 m 6 m 9 m 12 m 18 m 24 m 

ω-6/ω-3=2/1 (group A) 
24 children 

0 
(0%) 

0 
(0%) 

1 
(4%) 

2 
(8%) 

4 
(16.5%) 

5 
(21%) 

ω-6/ω-3=1/1 (group B) 
21 children 

0 
(0%) 

0 
(0%) 

2 
(9.5%) 

2 
(9.5%) 

3 
(14.3%) 

3 
(14.3%) 

P value ns ns ns ns ns ns 

Table 16: Comparison of number and rate of children reaching the 50th percentile length line 
(m=months, ns= not significance) significant differences between groups (p<0.05, Chi-square test) 

Figure 42: Comparison of number and rate of children reaching the 50th percentile length line 
(m=months) 
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5-5-4- Reaching the 10th percentile 

The same comparison was performed without discriminating the gender of the children 

from the two groups who had reached 10th percentile for length. A difference between 

two groups of formula was shown especially by the age of 24 months, 66.6% in group B 

and 87% with in group A reached the 10th percentile at this age, but also without a 

statistical significance (p value: 0.12), as it could be seen in table 17 and figure 43. 

 length > 10% 3m 6 m 9 m 12 m 18 m 24 m 

ω-6/ω-3=2/1 (group A) 
24 children 

3 
(12.5%) 

7 
(29%) 

10 
(42%) 

14 
(58%) 

18 
(75%) 

21 
(87%) 

ω-6/ω-3=1/1 (group B) 
21 children 

3 
(13.3%) 

5 
(23.8%) 

6 
(28.6%) 

8 
(38.1%) 

10 
(47.6%) 

14 
(66.6%) 

P value ns ns ns ns ns ns 

Table 17: Comparison of number and rate of children reaching the 10th percentile length line 
(m=months, ns= not significance) significant differences between groups (p<0.05, Chi-square test) 

Figure 43: Comparison of number and rate of children reaching the 10th percentile length line 
(m=months) 
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5-6- The relationship between ω-6/ω-3 ratio in formula and the head 

circumference acquisition 

The mean of head circumference growth were compared in the preterm infants consuming 

ω-6/ω-3=1/1 and ω-6/ω-3=2/1 milk formulas. There was no significant differences. 

5-6-1- Males 

For males, as it could be observed, in table 18 and figures 44-45, the head circumference 

gain in both two groups went along to the 10th percentile, however when children were 

two years of age, the average of group A raised more (z score:  -0.1) compared with group 

B (z score: -0.2). 

Exclusive human milk fed infants (control group) had a higher average at 24 months 

corrected age. 
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Male line of HC 
growth 

10th 

line 

cm 

50th 

line 

cm 

90th 

line 

cm 

Mean 
group B 
(n=21) 
cm 

Mean 
group A 
(n=24) 
cm 

z score 
group B 

z score 
group A 

p 
value 

HC1 --- --- --- 27,5 28,4 --- --- ns 

HC2 --- --- --- 27,3 28,4 --- --- ns 

HC 3 m 39 40,5 42 37,1 38,1 -2,9 -2,4 ns 

HC 6 m 42,5 44 45,5 41,3 42 -2,1 -1,5 ns 

HC 9 m 44,5 46 47,5 44,7 44,3 -0,6 -0,9 ns 

HC 12 m 45,5 47 48,5 45,9 45,7 -0,5 -0,6 ns 

HC 18 m 47 49 50 47,6 47,7 -0,2 -0,1 ns 

HC 24 m 48 49,5 51 48,4 48,6 -0,2 -0,1 ns 

exclusive human milk  at 24m of corrected age in males 
n=13 

Mean 49.2cm z score 0.3 

Table 18: Head circumference growth lines of male children in two milk groups compared with 10th, 
50th and 90th percentile lines (HC=head circumference, m=months, cm= centimeter, HC1= head 
circumference at birth, HC2= head circumference at one week) significant differences between 
groups (p< 0.05, Wilcoxon test) 



Results 

137 

Figure 44: Head circumference growth lines of male children in two milk groups compared with 10th, 
50th and 90th percentile lines (M=mean, m= months, HC1=head circumference at birth, HC2=head 
circumference at one week)  

Figure 45: z score of head circumference of male children in two milk groups (m=months) 
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5-6-2- Females 

Regarding females, the table 19 and figures 46-47 show how the head circumference 

growth in children fed with ω-6/ω-3=2 and ω-6/ω-3=1 formulas went parallel to the 10th 

percentile and by six months of age began to increase and crossed the 50th percentile by 

the age of two years. 

It was observed that the two groups of milk had the same mean of head circumference at 

18 and 24 months with a z score of 0,3. 

And it was noted that exclusive human milk fed infants had a lower mean at 24 months of 

corrected age. 

Female line of 
HC growth 

10th 

line 
cm 

50th 

line 
cm 

90th 

line 
cm 

Mean 
group B 
(n=21) 
 cm 

Mean 
group A 
(n=24) 
cm 

z score 
group B 

z score 
group A 

p 
value 

HC1 --- --- --- 27,1 27,6 --- --- ns 

HC2 --- --- --- 27 27,4 --- --- ns 

HC 3 m 38 40 41,5 37,1 37,3 -2,8 -2,6 ns 

HC 6 m 41 42,5 44,5 41,3 41,4 -1,1 -1,1 ns 

HC 9 m 43 44,5 46 43,4 43,6 -0,6 -0,4 ns 

HC 12 m 44 46 47,5 45,1 45,3 -0,1 0,1 ns 

HC 18 m 45 47 49 47 47 0,3 0,3 ns 

HC 24 m 46 48 50 48 48 0,3 0,3 ns 

exclusive human milk  at 24m of corrected age in females 
n=13 

Mean 47.7cm z score 0.2 

Table 19: Head circumference growth lines of female children in two milk groups compared with 
10th, 50th and 90th percentile lines (HC=head circumference, m=months, cm= centimeter, HC1= 
head circumference at birth, HC2= head circumference at one week) significant differences between 
groups (p< 0.05, Wilcoxon test) 
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Figure 46: Head circumference growth lines of male children in two milk groups compared with 10th, 
50th and 90th percentile lines (M=mean, m= months, HC1=head circumference at birth, HC2=head 
circumference at one week) 

Figure 47: z score of head circumference of male children in two milk groups (m=months) 

25

30

35

40

45

50

55

HC1 HC2 3 m 6 m 9 m 12 m 18 m 24 m

ce
n

ti
m

e
te

r
Female HC growth line

10%

50%

90%

M (ω-6/ω-3=1/1)

M (ω-6/ω-3=2/1)

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

3 m 6 m 9 m 12 m 18 m 24 m

Female HC z score

z score (ω-6/ω-3=1/1) z score (ω-6/ω-3=2/1)



Results 

140 

5-6-3- Reaching the 50th percentile 

Table 20 and figure 48 compare the number of children, from both sexes, who reached 

the 50th percentile for head circumference at 3, 6, 9, 12, 18 and 24 months of age. 

It could be observed that the proportion of infants reached this percentile, at 24 months is 

higher in group B, 37.5%, but 29% in group A. However, this difference did not show a 

statistical significance (p value: 0.64). 

Head circumference >50% 3 m 6 m 9 m 12 m 18 m 24 m 

ω-6/ω-3=2/1 (group A) 
24 children 

0 2 
(8%) 

5 
(21%) 

5 
(21%) 

6 
(25%) 

7 
(29%) 

ω-6/ω-3=1/1 (group B) 
21 children 

0 0 3 
(14.3%) 

5 
(23.8%) 

6 
(28.6%) 

7 
(33.3%) 

P value ns ns ns ns ns ns 

Table 20: Comparison of number and rate of children reaching the 50th percentile head 
circumference line (m=months, ns= not significance) significant differences between groups (p<0.05, 
Chi-square test) 

Figure 48: Comparison of number and rate of children reaching the 50th percentile head 
circumference line (m=months)  
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5-6-4- Reaching 10th percentile 

A similar comparison was done for infants (males and females) who reached 10th 

percentile line forhead circumference and no differences were found between the two 

groups. 

And this result could be seen in table 21 and figure 49. 

 

Head circumference >10% 3 m 6 m 9 m 12 m 18 m 24 m 

       

ω-6/ω-3=2/1 (group A) 
24 children 

9 
(37.5%) 

10 
(42%) 

15 
(62%) 

20 
(83%) 

21 
(87.5%) 

21 
(87.5%) 

       

ω-6/ω-3=1/1 (group B) 
21 children 

8 
(38.1%) 

9 
(43.9%) 

14 
(66.6%) 

16 
(76.2%) 

18 
(85.7%) 

18 
(85.7%) 

       

P value ns ns ns ns ns ns 

       

Table 21: Comparison of number and rate of children reaching the 10th percentile head 
circumference line (m=months, ns= not significance) significant differences between groups (p<0.05, 
Chi-square test) 

 
 

 

 

Figure 49: Comparison of number and rate of children reaching the 10th percentile head 
circumference line (m= months) 
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5-7- The relationship between ω-6/ω-3 ratio in formula and the visual 

evoked potential 

Visual evoked potential VEP results were analyzed in preterm infants who received diets 

supplemented with ω-6/ω-3=2/1 ratio (group A) at 6 months of life. Only 8% of them had 

delayed VEP and the rest were normal (table 22 and figure 50). 

6m (ω-6/ω-3=2/1) group A VEP: delayed VEP: normal 

24 children 2 (8%) 22 (92%) 

Table 22: Evaluation of VEP at 6 months old infants with ω-6/ω-3=2/1 milk (m=months, VEP=visual-
evoked potentials) 

Figure 50: Evaluation of VEP at 6 months old infants with ω-6/ω-3=2/1 milk (m=months, VEP=visual-
evoked potentials). 

The same analyze was done at 12 months of life and only one child (4%) had a delayed 

result in VEP (table 23 and figure 51). 
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12m (ω-6/ω-3=2/1) group A VEP: delayed VEP: normal 

24 children 1 (4%) 23 (96%) 

Table 23: Evaluation of VEP at 12 months old infants with ω-6/ω-3=2/1 milk (m=months, VEP=visual-
evoked potentials) 

Figure 51: Evaluation of VEP at 12 months old infants with ω-6/ω-3=2/1 milk (m=months, VEP=visual-
evoked potentials) 

Also, VEP was studied in very preterm infants who received diets supplemented with ω-

6/ω-3=1/1 (group B) at 6 months of life. And 19% of them had delayed VEP and in 81% 

it was normal (table 24 and figure 52). 

6m (ω-6/ω-3=1/1) Group B VEP: delayed VEP: normal 

21 children 4 (19%) 17 (81%) 

Table 24: Evaluation of VEP at 6 months old infants with ω-6/ω-3=1/1 formula (m=months, 
VEP=visual-evoked potentials) 

4%

96%

12m (ω-6/ω-3=2/1)

VEP: delayed

VEP: normal



Results 

144 

Figure 52: Evaluation of VEP at 6 months old infants with ω-6/ω-3=1/1 milk (m=months, VEP=visual-
evoked potentials) 

The same test was done at 12 months of life and only three children (14%) had a delayed 

result in VEP (table 25 and figure 53). 

12m  (ω-6/ω-3=1/1) group B VEP: delayed VEP: normal 

21 children 3 (14%) 18 (86%) 

Table 25: Evaluation of VEP at12 months old infants with ω-6/ω-3=1/1 milk (m=months, VEP=visual-
evoked potentials 
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Figure 53: Evaluation of VEP in 12 months old infants with ω-6/ω-3 = 1/1 milk (m=months, VEP=visual-
evoked potentials) 

In table 26 and figure 54, the results of VEP at 6 months and 12 months were compared. 

It was noticed that preterm infants who consumed formula with ω-6/ω-3=2/1 milk (group 

A) have a lower risk of abnormalities in VEP, however it did not have enough statistical

importance. 

6 m 12 m 

ω-6/ω-3=2/1 
(group A) 

ω-6/ω-3=1/1 
(group B) 

ω-6/ω-3=2/1 
(group A) 

ω-6/ω-3=1/1 
(group B) 

VEP: delayed 8% 19% 4% 14% 

VEP: normal 92% 81% 96% 86% 

Odds ratio 0.39 (95% CI 0.06-2.36) 0.26 (95% CI 0.03-2.72) 

Relative risk 0.44 (95% CI 0.09-2.15) 0.29 (95% CI 0.03-2.60) 

P value ns ns 

Table 26: Comparison of normal and abnormal results of VEP in two milk groups (m=months, VEP= 
visual-evoked potentials, ns= not significance) significant differences between groups (p<0.05, Chi-
square test) 
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Figure 54: Comparison of normal and abnormal results of VEP in two milk groups (m=months, VEP= 
visual-evoked potentials)  

5-8- The relationship between ω-6/ω-3 ratio in formula and the 

brainstem auditory evoked potential

Brainstem auditory evoked potential BAEP had been studied in neonates who consumed 

formula with ratio of ω-6/ω-3=2/1 (group A) at 6 months of life. And 21% of them had 

alterated BAEP and the rest were normal (table 27 and figure 55). 
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6 m (ω-6/ω-3=2/1)group A BAEP: alterated BAEP: normal 

24 children 5 (21%) 19 (79%) 

Table 27: Evaluation of BAEP in 6 months old infants with ω-6/ω-3=2/1 milk (m=months, 
BAEP=brainstem auditory-evoked potentials) 

Figure 55: Evaluation of BAEP at 6 months old infants with ω-6/ω-3=2/1 milk (m=months, 
BAEP=brainstem auditory-evoked potentials) 

The same analysis was done at 12 months of life and we found that four children (17%) 

had alterated results in BAEP (table 28 and figure 56). 

12 m (ω-6/ω-3=2/1)group A BAEP: alterated BAEP: normal 

24 children 4 (17%) 20 (83%) 

Table 28: Evaluation of BAEP at 12 months old infants with ω-6/ω-3=2/1 milk (m=months, 
BAEP=brainstem auditory-evoked potentials 
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Figure 56: Evaluation of BAEP in 12 months old infants with ω-6/ω-3=2/1 milk (m=months, 
BAEP=brainstem auditory-evoked potentials) 

Also, BAEP was analyzed in neonates fed with ratio of ω-6/ω-3=1/1 in formula (group B) 

at 6 months of life. And 14% of them had alterated BAEP and in 86% it was normal (table 

29 and figure 57). 

6m (ω-6/ω-3=1/1)group B BAEP: alterated BAEP: normal 

21 children 3 (14%) 18 (86%) 

Table 29: Evaluation of BAEP at 6 months old infants with ω-6/ω-3=1/1 milk (m=months, 
BAEP=brainstem auditory-evoked potentials) 
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Figure 57: Evaluation of BAEP at 6 months old infants with ω-6/ω-3=1/1 milk (m=months, 
BAEP=brainstem auditory-evoked potentials) 

The same study was done at 12 months of life and only two children (10%) had an 

alterated result in BAEP (table 30 and figure 58). 

12 m  (ω-6/ω-3=1/1)group B BAEP: alterated BAEP: normal 

21 children 2 (10%) 19 (90%) 

Table 30: Evaluation of BAEP at 12 months old infants with ω-6/ω-3=1/1 milk (m=months, 
BAEP=brainstem auditory-evoked potentials) 
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Figure 58: Evaluation of BAEP at 12 months old infants with ω-6/ω-3=1/1 milk (m=months, 
BAEP=brainstem auditory-evoked potentials) 

In table 31 and figure 59, the results of BAEP in both formula groups were compared at 

6 months and 12 months. 

It could be noticed that preterm infants who consumed supplementation with ω-6/ω-3=2/1 

(group A) milk have a higher risk of abnormalities in BAEP (the contrary of the previous 

results of VEP). But it also did not have enough statistical significance. 

6 m 12 m 

ω-6/ω-3=2/1 
(group A) 

ω-6/ω-3=1/1 
(group B) 

ω-6/ω-3=2/1 
(group A) 

ω-6/ω-3=1/1 
(group B) 

BAEP: alterated 21% 14% 17% 10% 

BAEP: normal 79% 86% 83% 90% 

Odds ratio 1.58 (95% CI 0.33-7.59) 1.90 (95% CI 0.31-11.61) 

Relative risk 1.46 (95% CI 0.40-5.38) 1.75 (95% CI 0.36-8.61) 

P value ns ns 

Table 31: Comparison of normal and alterated results of BAEP in two milk groups (m=months, 
BAEP=brainstem auditory-evoked potentials, ns= not significance) significant differences between 
groups (p<0.05, Chi-square test) 
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Figure 59: Comparison of normal and alterated results of BAEP in two milk groups (m=months, 
BAEP=brainstem auditory-evoked potentials) 

5-9- The relationship between ω-6/ω-3 ratio in formula and the 

Brunet-Lézine scale 

At 24 months corrected age the Brunet-Lézine scale was evaluated in two groups of 

supplemented milk (group A and B). 

In table 32 and figures 60-61, the proportions of preterm infants who had a Brunet-Lézine 

score greater than or equal to 85 were studied and compared. 

It was found that there is an important difference between the two groups, only one child 

had a score less than 85 in group A, compared with six children in group B (p =0.039) 

with absolute reduction risk of 24% (95% CI 3%-45%) and odds ratio of 0.11 (95% CI 

0.01-0.99). So here we have enough statistical significance. 
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24 m Brunet-Lézine score < 70 ≤ 70-85 > ≥ 85-100 ≥ > 100 

ω-6/ω-3=2/1 (group A) 0 1 14 9 

ω-6/ω-3=1/1 (group B) 1 5 8 7 

24 m Brunet-Lézine score < 85 ≥ 85 

ω-6/ω-3=2/1 (group A) 1 (4.2%) 23 (95.8%) 

ω-6/ω-3=1/1 (group B) 6 (28.6%) 15 (71.4%) 

Relative risk 0.15 (95% CI 0.02-1.12) 

Absolute risk reduction 24% (95% CI 3%-45%) 

Odds ratio 0.11 (95% CI 0.01-0.99) 

P value 0.039 

Table 32: Comparison of Brunet-Lézine score at 24 months of corrected age in preterm infants of two 
milk groups (m=months, ns= not significance, CI= confidence interval) significant differences between 
groups (p< 0.05, Chi-square test) 

Figure 60: Comparison of the rate of children with ω-6/ω-3 = 2/1 milk who have more or less than 
90% in Brunet-Lézine score  
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Figure 61: Comparison of the rate of children with ω-6/ω-3 = 1/1 milk who have more or less than 
90% in Brunet-Lézine score  

Table 33 shows the mean and the standard deviation of Brunet Lézine score in group A 

and B, p value had been calculated. There was also a significant difference in the mean 

score (p value: 0.028). 

24 m brunet-lezine score Mean Standard deviation p value 

ω-6/ω-3=2/1 (group A) n=24 99.9 9 0.028 

ω-6/ω-3=1/1 (group B) n=21 90.8 11 

Table 33: Comparison of the mean of Brunet-Lézine score in two groups (m= months) significant 
differences between groups (p< 0.05, Wilcoxon test) 

The results of Brunet-Lézine were revised in the control group of preterm infants 

(<1500g) fed with exclusive human milk. 

29%

71%

ω-6/ω-3=1/1

< 85

> 85



Results 

154 

Brunet-Lézine was done in 25 of them at 24 months corrected age. The mean score of 

Brunet-Lezine was 100.5 with SD of 7, and the proportion of normal neurodevelopment 

was 96%. 

In tables 34-35 and figure 62-63, the Brunet-Lézine results of the control group, who were 

exclusively breastfed, were compared with both formula groups: group A and the control 

group had a similar proportion of children with a score less than 85 (96% of the control 

group had a total score ≥85, compared with 95.8% in group A) and similar average scores 

(the control group had an average score of 100.5±7, compared with 99.9±9 in group A). 

However, group B had worse results than the control group for both proportion of children 

with a score less than 85 and average score. 

Brunet-Lezine at 24 months 
of corrected age 

Exclusive human milk 
n=25  (control group) 

ω-6/ω-3=2/1 formula 
n=24  (group A) 

P value 

Normal neurodevelopment 
(BL≥85)                      n (%) 

24 (96%) 23 (95.8%) ns 

Mean and standard deviation 
of BL                          M (SD) 

100.5 (7) 99.9 (9) ns 

Table 34: Comparison of Brunet Lézine score at 24 months corrected age betweenexclusive human 
milk group andω-6/ω-3=2/1 formula group (n= number, BL=Brunet-Lezine, M= mean, SD= and 
standard deviation) significant differences between groups (p< 0.05, Wilcoxon test) 

Brunet-Lezine at 24 months 
of corrected age 

Exclusive human milk 
n= 25 (control group) 

ω-6/ω-3=1/1 formula 
n=16 (group B) 

P value 

Normal neurodevelopment 
(BL≥85)                      n (%) 

24 (96%) 15 (71.4%) 0.036 

Mean and standard deviation 
of BL                          M (SD) 

100.5 (7) 90.8 (11) 0.007 

Table 35: Comparison of Brunet Lézine score at 24 months corrected age between exclusive human 
milk group and ω-6/ω-3=1/1 formula group (n= number, BL= Brunet-Lezine, M= mean, SD= and 
standard deviation) significant differences between groups (p< 0.05, Wilcoxon test) 
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Figure 62: Comparison of Brunet-Lézine score at 24 months corrected age between exclusive human 
milk group and formula groups 

Figure 63: Comparison of the mean of Brunet-Lézine score at 24 months of corrected age in two 
groups (m=months) 

Finally, as it can be seen in table 36, normal mental development (determined by Brunet-

Lézine score ≥85) was compared between this sample, all preterm infants <1500g in the 

same hospital (Clinical University Hospital of Santiago de Compostela CHUS), and in all 

hospitals of project SEN 1500 in all Spain. 
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This study 
n=45 

CHUS (2008-2009) 
n=57 

Spain (2008-2009) 
n=1182 

Normal mental development 85% 91.9% 88.8% 

Table 36: Percentage of normal mental development among the groups of preterm infants at 24 
months of corrected age 



6- Discussion
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Cognitive development, like child development overall, is a highly complex, dynamic, 

interactive, continuous, coordinated, and plastic process. 

Lipids play an important role in the human body, structurally and functionally (103, 104), 

and particularly during the neonatal period (105, 106). They supply essential nutrients 

required during this critical phase of growth, at a time when there is a lack of adequate 

stores and difficulty meeting nutritional needs; during pregnancy, there is an almost total 

dependence on placental transport of lipids from the mother (107, 108). The importance 

of EFAs is greater still in preterm infants, because LCPUFAs are transferred from mother 

to foetus during the last trimester of pregnancy (109). 

This trial studied very preterm infants who received supplementary formulas with 

different AA/DHA ratios (group A, 2/1 and group B, 1/1). Group A had significantly 

higher plasma values of arachidonic acid and polyunsaturated fatty acids than group B. 

Group A  also achieved a higher average Brunet-Lézine score at 24 months than group B. 

6-1- Lipid profile 

The first stage of our study involved the analysis of all fatty acids and lipid subtypes in 

the preterm infants at birth. Following proper nutrition, either with maternal milk 

supplemented with globally recommended formula or with exclusive formula feeding, 

changes in these lipid levels were then analysed. 

In the literature, few studies were found regarding FA levels in preterm and term infants, 

and only one study was found on reference ranges for fatty acid composition. That study 

was derived from a large national survey that used population-based sampling techniques; 

however, all participants were older than 14 years (110). 
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In our study, initially there was considerable variation between infants in almost all fatty 

acid levels at birth. This could have been a result of the wide range of gestational ages of 

the preterm infants included in the sample. 

All mothers were from the same geographic region. Therefore, their dietary habits were 

not expected to differ greatly. However, the initial variation in FAs decreased noticeably 

with time and nutrition. 

Fatty acid levels in this study were compared with those of term infants in a different 

study, this comparison showed that the premature infants in this study had lower 

concentrations of AA, DHA, total ω6, PUFAs, and SFAs than the term infants in the other 

study (111). This finding highlights the high proportion of fatty acids passed from mother 

to child during the last third of pregnancy. However, levels of total ω3 and MUFAs were 

higher in the preterm infants in this study than in term infants in the comparative study 

(110). This difference could have been due to the different dietary habits during 

pregnancy between mothers in this trial (in Spain) and the mothers of the other study (in 

Germany). 

The fatty acid values at birth in this study were compared with those of preterm infants 

from another study from Sweden: the Spanish infants were found to have lower levels of 

almost all types of fatty acids except MUFAs (112). However, it should pointed out that 

the Swedish study enrolled only preterm infants who did not require intensive care, 

regardless of GA or birth weight, therefore most of the infants studied were older than 32 

weeks GA (75% of them). In contrast, our study included only preterm infants less than 

1500 grams and/or less than 32 weeks of GA. 

Levels of MUFAs at birth were consistently higher in this trial than in preterm and term 

infants in other comparable studies. One of the principal dietary sources of MUFAs is 
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olive oil, and the diet in Spain is rich in olives and olive oil, which could explain this 

finding. However, further investigation could be done to confirm this high MUFA level 

and to study its relationship to the dietary habits in Spain and to other factors. 

To compare our results with those from East Asia, a Taiwanese study was chosen, which 

included infants regardless of gestational age. The neonates in the Taiwanese trial had 

noticeably higher DHA values at birth than the neonates in our study (6.36% versus 

1.81% of all fatty acids, respectively) and also higher AA levels (19.7% versus 7.04%). 

However, the Taiwanese infants had almost the same AA/DHA ratio asthe infants in our 

study (3/1 versus 3.9/1) (113). 

Additionally, most of the fatty acid values in our preterm infants changed with subsequent 

nutrition during the first year of life. Both PUFAs and total ω-6 increased significantly. 

This supports the well-known importance of providing PUFAs in nutrition of preterm 

infants, as the main PUFA supply passes from mother to child during the last trimester of 

pregnancy, according to the medical literature (72). 

Interestingly only ω-6 increased; values of ω-3 did not change significantly during the 

first year of life. Initially, this was thought to be because in almost half of the infants, the 

formula contained double the quantity of ω-6 compared with the rest of the group. 

However, when reviewed, another study of preterm infants fed on breast milk alone 

showed a similar rise in PUFAs and ω-6, and no significant change in ω-3 (112). 

Regarding MUFAs and SFAs, concentrations were high at birth and subsequently 

decreased. This could be because the majority of lipids made by the foetus or transported 

via the placenta during the first two trimesters of pregnancy are SFAs, and with growth, 

preterm infants’ bodies attempts to modify the lipid profile to reach the ideal ratio. Similar 
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findings in SFA and MUFA levels were also observed in the latter study on preterm 

infants fed with breast milk alone (112). 

When the plasma ω-6/ω-3 ratio was examined, preterm infants in this study had a mean 

ratio of 10.4/1. This was lower than in term infants (17.2/1) but higher than in preterm 

infants (7.7/1) in other studies (111, 112). This ratio increased during the first year of life 

in our study. Likewise, an increase in this ratio was observed during the first weeks of 

life in exclusively breast fed preterm infants (112). 

It is important to note that the total ω-6 PUFA/total ω-3 PUFA ratio in this trial was 

calculated and compared with that of other similar studies, in contrast to some articles 

published in the literature that measured only long chain PUFAs (fatty acids with more 

than 18 carbon atoms). As the majority of ω-6 is LA C18:2, this caused the levels of ω-

6/ω-3 in this trial to appear higher than in other trials. 

When the ω-6/ω-3 ratio was calculated using only arachidonic acid and docosahexaenoic 

acid (AA/DHA), the ratios were 3.9/1 at birth and 3/1 at 3 months. These ratios were 

higher than those found in preterm infants in one other study (3.5/1 at birth, 2.6/1 at 44 

weeks GA), but lower than in the term infants (4.6/1) of the studies referred to above 

(111, 112). 

The following table shows all this comparisons (table 37). 
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Levels of 

fatty acid in 

plasma 

% 

Alshweki et al Decsi et al * Sabel et al ** 

Preterm infants 

at birth 

Preterm infants 
at 3 

chronological 
months 
(n= 38) 

Term infants 
at birth 

(n= 20) 

Preterm 
infants at 

birth 

(n= 39) 

Preterm 
infants at 44 

weeks GA 

(n= 45) 

Mean (SD) Mean (SD) Mean Mean (SD) Mean (SD) 

C20:4 (AA) 7.04 (1.67) 5.81 (1,50) 9.46 11.3 (1.6) 8.4 (1.80) 

C22:6 (DHA) 1.81 (0.58) 1.92 (0,32) 2.05 3.3 (0.52) 3.43 (0.97) 

SFA 36.21 (4,45) 34.39 (3,04) 48.47 48.8 (1.3) 48.3 (0.89) 

MUFA 31.66 (4,39) 29.17 (3,20) 16.10 15.7 (1.6) 14.0 (0.82) 

Total ω-6 29.11 (7,43) 33.40 (4,37) 33.37 31.0 (2.1) 33.6 (1.02) 

Total ω-3 2.92 (0,86) 2.94 (0,42) 2.21 4.1 (0.57) 4.1 (1.18) 

PUFA 32.13 (8,08) 36.43 (4,58) 35.89 35.5 (2.08) 37.8 (0.93) 

ω-6/ω-3 10.4/1 (2.6/1) 11.5/1 (1.6/1) 17.2/1 7.7/1 (1/1) 8.9/1 (3/1) 

AA/DHA 3.9/1 (0.91) 3/1 (0.32) 4.6/1 3.5/1 (0.6) 2.6/1 (0.58) 

Table 37: comparison of fatty acids means of preterm infants in our study with term and preterm 
infants in other studies (n= number, GA= gestational age).*= (111), **= (112). 

6-2- LCPUFAs in plasma 

In the second section of the study a prospective randomized controlled double-blind trial 

was conducted to see if the ratio 1/1 between ω-6 and ω-3 (used in most types of formula) 

is the better ratio to achieve appropriate neurodevelopment and physical growth. 

International expert groups have published recommendations for optimal levels of ω-3 

(DHA) and ω-6 (AA) supplementation in term infant formula (table 38) (114, 115). 

The general recommendations of 0.3% to 0.4% fatty acids for DHA and between 0.35% 

and 0.7% fatty acids for arachidonic acid AA are based on the median worldwide range 

of DHA and AA concentration in breast milk. 

(n= 40) 
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% of all fatty acids DHA AA 

British Nutrition Foundation * 0.4% 0.4% 

Food and Agricultural Organization of the United Nations / World 
Health Organization expert panel ** 

0.35% 0.7% 

Expert panel convened by the International Society for the Study of 
Fatty Acids and Lipids ** 

0.35% 0.5% 

Table 38: international expert groups recommendations for optimal levels of ω-3 (docosahexaenoic 
acid) and ω-6 (arachidonic acid) supplementation in term infant formula. 
*= (114), **= (115) 

These recommendations were written for term infants; however the amount necessary for 

the growth and neural development of preterm infants are more complicated. So, in this 

study, the recommendations of British nutrition foundation and world health organization 

expert panel were compared to find out which is better for the growth and development 

of preterm infants. 

The essential guide to nutrient requirements have included recommendations for the 

optimal levels of ω-3  and ω-6 during the first three years of life, with recommended ω-3 

supplementation ranging from 0.6% to 2% of daily energy requirements compared with 

5%-10% of ω-6 (almost a 10-fold difference) (116). 

The European Society for Pediatric Gastroenterology and Nutrition (ESPGHAN) 

Committee on Nutrition suggests that the daily intake for a preterm infant include the 

following: 

• Docosahexaenoic acid: 12 to 30 mg/kg (≈0.2-0.5% of all fatty acids)

• Arachidonic acid: 18 to 42 mg/kg (≈0.3-0.7% of all fatty acids) (117).

Multiple studies have confirmed the importance of PUFAs in preterm infants’ mental 

development and have reported that preterm infants fed with supplemental PUFAs 
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(especially DHA) showed improved brain development. However, none of these trials 

clearly recommended an ω-6 to ω-3 ratio (78, 118). 

After the publication of these mentioned studies almost all producers add sufficient ω-3 

(docosahexaenoic acid DHA) to their formulas (between 0.3% and 0.4%) and most of 

them add ω-6 (rachidonic acid AA) with the same concentration, so the ratio ω-6/ω-3 

was 1/1. 

A review of the scientific literature showed that the AA/DHA ratio in formula milk (often 

1/1) is different from the AA/DHA ratio in breast milk. In a review of 65 studies involving 

2474 women, the mean concentration of DHA in breast milk was 0.32% (range: 0.06%–

1.4%) and that of AA was 0.47% (range: 0.24% –1.0%) (119). 

In a study on FA composition of mothers’ milk at 3, 7, and 28 days post-partum in term 

and preterm infants, the ratio of AA/DHA was approximately 3/1 and 2/1, respectively, 

with DHA levels between 0.5%-1.0%, and AA levels between 1.3%-2.6% (120). 

Also, in one investigation conducted in nine countries concerning breast milk for term 

neonates, 7 countries reported an AA/DHA ratio greater than 1/1 and only 2 countries 

reported a ratio of less than 1/1 (range, from 0.51/1 in Japan to 3.16/1 in the USA) (121). 

In a new study of term infants in the USA, the AA/DHA ratio in breast milk was 2.64/1 

at birth and 2.81/1 at 6 weeks (122). In Far East region, a trial from Taiwan found a ratio 

between AA and DHA of 0.95/1 in breast milk (113). 

So we noticed that the ratio in mothers’ milk is almost always far from the used ratio in 

the majority of formulas 1/1 (except in far east zone), and most claimed that the goal ratio 

to reach is 2/1 to 4/1 (10, 14, 49, 50). And recently the “optimal” ratio of omega-6 to 

omega-3 is estimated to be closer to 2:1 (123). 
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Children in their first year of life depend, essentially, on milk to secure their needs, 

(124,125) so this quantity of ω-6 and ω-3 contained in formula (especially when 

exclusively fed with formula) is the only amount they can use to maintain appropriate 

growth and mental development. Then the question was whether these levels of ω-6 (AA) 

regularly available in commercial formulas (0.3% to 0.4%) are sufficient for a preterm 

infant. 

Regarding the bad effect of ω-6 on the health and their relation with cardiovascular 

disease, we can find a meta-analysis including 13 cohort studies (using both published 

and unpublished data) found that higher dietary linoleic acid (omega-6) intake was 

associated with a 15 percent decreased risk of cardiovascular events (95% CI 0.78-0.92) 

and 21 percent lower risk of cardiovascular death (95% CI 0.71-0.89) (126). 

To the time we accomplished this study, we have not found trials studying the effects of 

variable ratios of ω-6/ω-3 in formulas of preterm infants to compare with our results, so 

we will discuss ours depending on the information we have mentioned shortly before. 

The effects of the administration of different ratios of ω-6/ω-3 (different from 1/1) on the 

concentrations of PUFA in plasma were studied. In this trial the ratio of ω-6/ω-3 in 

formula had been increased without changing the amount of ω-3 (i.e. increased the 

quantity of ω-6 and total PUFA), therefore the levels of ω-6 and PUFA in plasma, 

theoretically, must be higher in ω-6/ω-3=2/1 group (group A). 

After comparing values between the two groups of formula, the result was compatible 

with what had expected, group A had higher levels of ω-6 and total PUFA. 

Moreover, there was no important difference in docosapentaenoic acid (DPA C22:5 ω3), 

eicosapentaenoic acid (EPA C20:5 ω3), or linoleic acid (LA C18:2 ω6) between two 
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groups at 6 or 12 months corrected age, Therefore there was not clear evident that the 

double amount of AA in formula had any adverse effect on ω-6 and ω-3 metabolism. 

Interestingly, despite having different formula ratios of AA/DHA, the same quantity of 

DHA, and almost the same proportion of mixed-fed children (breast-fed with formula) in 

groups A and B, there was almost no difference between the two groups in plasma ω-6/ω-

3 ratio and group A had higher DHA levels than group B at 6 months. This could have 

been because α-linolenic acid and linoleic acid compete for the same enzyme pathways 

to form DHA and AA, respectively (127), and since group A had higher AA 

supplementation, the internal balance of LCPUFA synthesis could have shifted towards 

DHA. In addition, plasma omega-6/omega-3 ratios were not expected to be similar, and 

this result could have been because omega-6 and omega-3 have many components besides 

AA and DHA. The balance of omega-6 and omega-3 is highly complex, and our trial is 

the first in addressing AA, as previous trials have focused on DHA and overlooked AA. 

Therefore, further studies are required to understand the complex relationship between 

omega-6 and omega-3. However, plasma PUFAs were higher in group A than in group 

B. This means that the increased quantity of AA in the milk given did not affect the 

balance between ω-6 and ω-3. This balance is considered very important in human health 

and growth (108). 

6-3- Anthropometric growth 

The aim was to find out whether this difference in formula FA concentrations could affect 

physical growth, i.e. whether they had better growth with higher levels of ω-6 and total 

PUFA, or if it did not change them. 
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A recent review showed that LC-PUFA supplementation during pregnancy was 

associated with modest increases in birth size in both low-income and high-income 

populations. However, postnatal supplementation with LC-PUFAs did not influence 

infant growth (128). Another review claimed that PUFA supplementation had no effects 

on growth neither antenatally nor postnatally in term infants (129). 

Throughout this clinical trial, anthropometric growth was measured during the first two 

years of life in group A and B, and weight, height, and head circumference growth were 

similar in the two groups. 

Weight growth averages of group A were slightly higher with higher z score especially in 

female preterm infants, but this difference was not recorded in males. 

Length gain and z score were slightly higher in preterm infants with group A in both 

female and male infants. 

Head circumference growth was almost the same in the two groups of formula.  

Therefore, we cannot say that this double value of arachidonic acid had an important 

effect on growth. 

Also, there were no significant differences in almost all proportion of preterm infants who 

reached 50th and 10th percentile growth between the two groups (apart from reaching 10% 

weight percentile, with higher proportion of children in group A reaching that line at 24 

months p value: 0.041). However, most rates were higher with group A but without 

statistical significance (could be due to the small sample size). 
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6-4- Evoked potentials 

The visual- evoked potentials VEP results of group A and group B were  

compared, showing no major differences in visual function, preterm infants consuming 

supplementation with ω-6/ω-3=2/1 milk had a lower risk of abnormalities in VEP 

especially at 12 months (RR: 0.29), but p value was 0.19, so the result was without 

statistical significance, however these effect is less notable at 12 months. 

This result supports the unique importance of DHA in visual pathway maturation in 

preterm infants. Underscoring this, DHA levels have been shown to reach 30%-40% of 

total fatty acids in rod photoreceptor outer segments of the human retina (21) and the two 

formula groups received the same quantity of DHA. This result was despite of the 

different plasma DHA values at 6 months. 

However, we tried to investigate whether the double levels of AA in formula had a 

positive or a negative effect on visual maturation, but we could not confirm any effect. 

Nonetheless, a slight, but not statistically valuable, tendency for a better visual function 

with the double AA amounts. 

We have to reemphasize that the volume of the sample is small and this might be the 

cause of the insufficient statistical significance; so larger studies are required to get better 

conclusions about the role of arachidonic acid in visual development in preterm infants. 

On the other hand, the results of brainstem-evoked potentials (BAEP) were compared 

between the two formula groups. Preterm infants consuming supplementation with ω-

6/ω-3=2/1 had a higher risk of abnormalities in BAEP especially at 12 months (RR: 1.75), 

but without enough statistical significance (p value: 0.49). So we can see that with this 

sample the increment of ω-6 in formula did not modify the results of BAEP in preterm 

children. 
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Theoretically, the auditory tracts are neural fibres, and LC-FUFAs are thought to be 

important in their development and maturation. However, no studies were found to 

support this hypothesis. Paradoxically, one study showed no effect of LC-PUFA on 

auditory brain-stem evoked responses (74). Due to the above data, no important 

differences were anticipated between the two groups in terms of auditory function, despite 

one group having double the quantity of AA. 

6-5- Brunet-Lézine score 

Regarding Brunet-Lézine score at 24 months, there was a statistically significant 

difference between the two groups: in group A (ω-6/ω-3=2/1), only 4.2% had a score less 

than 85 (p value =0.039). Also, group A had a higher mean score than group B (99.9 vs. 

90.8, p =0.028). therefore, according to this study, the preterm infants less than 1500 

grams and/or less than 32 weeks of GA consuming ω-6/ω-3=2/1 formula have a better 

Brunet-Lézine score (psychomotor development) at two years of age. This could have 

been due to the higher quantity of ω-6 or PUFAs that group A were fed, as well as the 

higher plasma levels of ω-6 and PUFAs in group A compared with group B. 

This significant difference in this scale can’t be explained by ω-3 fatty acids, because 

both groups of formula have the same amount of ω-3 in the milk 

To explain this results, it must be remembered that the two groups have sufficient levels 

of ω-3 (DHA) in formula and in plasma and we all know that DHA is an important 

structural and functional component of the developing brain (130, 131, 132), but 

arachidonic acid is also a key component of cell membranes, serves as a precursor to 

prostaglandin formation, is one of the most abundant fatty acids in the brain, and is present 
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in similar quantities to docosahexaenoic acid (DHA). The two account for approximately 

20% of its fatty acid content (93). Like DHA, neurological health is reliant upon sufficient 

levels of arachidonic acid. Among other things, AA helps to maintain hippocampal cell 

membrane fluidity (133), it also helps protect the brain from oxidative stress by activating 

peroxisome proliferator-activated receptor gamma (134). AA also activates syntaxin-3 

(STX-3), a protein involved in the growth and repair of neurons (135). 

Arachidonic acid is also involved in early neurological development. In one study funded 

by the U.S. National Institute of Child Health and Human Development, infants (18 

months) given supplemental arachidonic acid for 17 weeks demonstrated significant 

improvements in intelligence, as measured by the Mental Development Index (136). This 

effect is further enhanced by the simultaneous supplementation of ARA with DHA. 

Therefore, AA is also an essential fatty acid that must be included in formulas of both 

term and preterm neonates. 

Whilst it is acknowledged that maternal milk is the ideal milk and generally contains a 

higher concentration of AA than formula milk (119, 121), the amount of AA needed by 

preterm infants to maintain ideal brain development is not clear, and more studies and 

further discussion are required. 

Finally, the results of Brunet-Lézine scores were compared with the control group of 

exclusively breast fed preterm, in order to see whether one of sample groups could have 

similar cognition function. So we used some information from SEN 1500. Exclusive 

human milk group had almost similar Brunet-Lézine score average at 24 months of 

corrected age in infants <1500g comparing with group A (100.5 vs. 99.9), but comparing 

withgroup B this control group have evidently higher score (100.5 vs. 90.8). 

http://en.wikipedia.org/wiki/Docosahexaenoic_acid
http://en.wikipedia.org/wiki/Hippocampus
http://en.wikipedia.org/wiki/Peroxisome_proliferator-activated_receptor_gamma
http://en.wikipedia.org/wiki/Syntaxin
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At the level of normal neurodevelopment (defined as Brunet Lézine ≥85), 96% of 

exclusive human milk group have normal scale at two years corrected age and this result 

is almost the same in group A (95.8%) but is significantly higher than group B (71.4%). 

As a result, neurodevelopment at 24 months of corrected age, in the group of formula 

with higher quantity of AA (0.7%), is very similar to children with exclusive human milk. 

However, the other group of formula, which had only 0.3% of AA, had different 

neurodevelopment at two years. 

To clarify the results of this study, we reiterate that the two formula groups were randomly 

assigned, then observed and followed closely during the first two years of life. From the 

beginning of the study, the two groups had similar gestational ages, weights at birth, 

APGAR at 5 and 10 minutes, and incidence of other risk factors that could affect 

neurodevelopment (e.g., sepsis, intracranial haemorrhage, bronchopulmonary dysplasia). 

The study aimed to provide similar nutrition to all preterm infants in the two groups 

during this period. The two study groups were also compared to a breast milk-only group. 

However, the two study formulas differed not only in the proportion of omega 6 and 

omega 3 LCPUFAs, but also in the total amount of LCPUFAs. It cannot be excluded that 

the better performance of infants fed with formula A could be attributable to the total 

quantity (and not the ratio) of LCPUFAs. 

All mothers were from the same geographical area, were of the same ethnicity and had 

similar dietary habits. There are several studies on the omega-6/omega-3 ratio in breast 

milk confirming minimal differences in this ratio in the same geographical region, and 

marked differences only between distant parts of the world, because of distinct dietary 

habits (118, 120). Therefore, in this study, the breast milk omega-6/omega-3 ratio was 

not measured, as it was understood that it would contain a similar ratio, and that the 

significant difference in the omega-6/omega-3 ratio was between the supplemental 
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formulas only. Also, the number of mixed-fed babies decreased significantly after the 

first month of life (from the first month to the third month, from 54 to 21% in group A 

and from 48 to 24% in group B). 

There was a variety of factors that were difficult to control, for example the socio-

economic status and the educational level of the mother (137, 138). These factors could 

have played an important role in neurodevelopment and cognitive function. Finally, the 

relatively small sample sizes (as a result of more children than expected being lost to 

follow-up) could be another limitation of this trial. 

In conclusion, the improved LCPUFA plasma concentrations and psychomotor 

development in very preterm infants despite the same formula quantity of DHA could 

have been due to the double mount ratio of AA to DHA or the higher total quantity of 

LCPUFAs. Nevertheless, further studies are required to support the benefits of a balanced 

AA/DHA ratio (more AA) in preterm infant supplementation. 





7- Conclusions
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1) Most of the fatty acid values in our preterm infants changed with subsequent

nutrition during the first year of life. Both PUFAs and total ω-6 increased 

significantly. In contrast, MUFA and SFA decreased. Besides, the initial variation 

in almost all fatty acid levels decreased noticeably with time and nutrition. 

2) Preterm infants in this study had lower concentration of AA, DHA, total ω-6,

PUFA and SFA but higher values of MUFA and ω-3 than term infants in the 

medical literature. The elevation of total PUFA and ω-6, during first weeks of 

live, were convergent with comparative preterm neonates from literature, who 

were nourished exclusively with maternal milk, furthermore MUFA and SFA had 

similar descent during the first weeks of live. 

3) When the lipid profile was studied separately in the two groups of formula, it was

found that ω-6/ω-3=2/1 formula group had higher AA, total ω-6 and  PUFA at 6 

and 12 months of life. But there is no difference in ω-6/ω-3 ratio in plasma 

between two groups. 

4) In the field of anthropometric growth, it was noted that the lines of weight, height

and head circumference growth were close in the two groups of formula. It was 

found that there was no significant difference in the proportion of preterm infants 

who reach 50% and 10% growth lines (except reaching the 10th weight 

percentile). 
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5) Preterm infants consuming supplementation with ω-6/ω-3=2/1 formula had a

lower risk of alterations in VEP and higher risk in BAEP than preterm infants with 

ω-6/ω-3=1/1 formula, but both without statistical significance. 

6) Preterm infants less than 1500 grams and/or less than 32 weeks of GA consuming

ω-6/ω-3=2/1 formula had a better Brunet-Lezine score (psychomotor 

development) at the age of two years than the group fed with ω-6/ω-3=1/1 

formula. The average score in infants consuming ω-6/ω-3=2/1 formula was similar 

to that of preterm infants exclusively breastfeed. 

7) Finally, it could be concluded that, very preterm infants who received formula

with an ω-6/ω-3=2/1 had higher blood levels of essential fatty acids and better 

psychomotor development, compared with very preterm neoborns who consumed 

formula with an ω-6/ω-3=1/1. Therefore, formula milk with an arachidonic acid 

quantity douple that of docosahexaenoic acid should be considered for feeding 

very preterm infants. 
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Effects of different arachidonic acid
supplementation on psychomotor
development in very preterm infants; a
randomized controlled trial
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Abstract

Background & aims: Nutritional supplementation with polyunsaturated fatty acids is important in preterm infants
neurodevelopment, but it is not known if the omega-6/omega-3 ratio affects this process. This study was designed to
determine the effects of a balanced contribution of arachidonic acid in very preterm newborns fed with formula milk.

Methods: This was a randomized trial, in which newborns <1500 g and/or <32 weeks gestational age were assigned
to one of two groups, based on the milk formula they would receive during the first year of life. Initially, 60 newborns
entered the study, but ultimately, group A was composed of 24 newborns, who were given formula milk with an ω-6/
ω-3 ratio of 2/1, and Group B was composed of 21 newborns, given formula milk with an ω-6/ω-3 ratio of 1/1. The
infants were followed up for two years: growth, visual-evoked potentials, brainstem auditory-evoked potentials, and
plasma fatty acids were periodically measured, and psychomotor development was assessed using the Brunet Lézine
scale at 24 months corrected age. A control group, for comparison of Brunet Lézine score, was made up of 25
newborns from the SEN1500 project, who were fed exclusively with breast milk.

Results: At 12 months, arachidonic acid values were significantly higher in group A than in group B (6.95 ± 1.55 % vs.
4.55 ± 0.78 %), as were polyunsaturated fatty acids (41.02 ± 2.09 % vs. 38.08 ± 2.32 %) achieved a higher average. Group
A achieved a higher average Brunet Lézine score at 24 months than group B (99.9 ± 9 vs. 90.8 ± 11, p =0.028). The
Brunet Lézine results from group A were compared with the control group results, with very similar scores registered
between the two groups (99.9 ± 9 vs. 100.5 ± 7). There were no significant differences in growth or evoked potentials
between the two formula groups.

Conclusions: Very preterm infants who received formula with an ω-6/ω-3 ratio of 2/1 had higher blood levels of
essential fatty acids during the first year of life, and better psychomotor development, compared with very preterm
newborns who consumed formula with an ω-6/ω-3 of 1/1. Therefore, formula milk with an arachidonic acid quantity
double that of docosahexaenoic acid should be considered for feeding very preterm infants.

Trial registration: ClinicalTrials.gov Identifier NCT02503020.
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Background
Long-chain polyunsaturated fatty acids (LCPUFAs), ara-
chidonic acid (AA omega-6; 20:4ω-6), and docosahexae-
noic acid (DHA omega-3; 22:6ω-3), are required for the
formation of non-myelinated cell membranes in the cen-
tral nervous system, including in the retina [1, 2], hence
their great importance in appropriate visual and cogni-
tive development. LCPUFAs are transferred from mother
to foetus mainly during the last trimester of pregnancy
[2, 3]. At that time, and in the early neonatal period, suf-
ficient levels of DHA and AA are required for the rapid
synthesis of brain tissue, cellular differentiation, and ac-
tive synaptogenesis [4, 5]. In premature infants, this cru-
cial supply is interrupted and they exclusively depend on
breast milk and other exogenous sources [5]. Moreover,
very-low-birth-weight (VLBW) and very preterm infants
are particularly vulnerable to LCPUFAs deficiency, given
the virtual absence of adipose tissue at birth, the poten-
tial immaturity of fatty acid elongation/desaturation
pathways, and inadequate fatty acid intake from formula
milk if not breast fed [6].
Arachidonic acid is the most abundant ω-6 LCPUFA,

and DHA is the most biologically important ω-3
LCPUFA in breast milk [7]. The ratio of AA to DHA in
human milk is usually 1.5-2/1, but the variability is high,
and the ratio is primarily determined by the habitual diet
of the region or country [8, 9]. The nutritional require-
ments for LCPUFAs in preterm newborns are not clearly
established, because optimal LCPUFA blood levels and
accretion rate are not well known [10, 11].
It has been reported that newborns fed with DHA- and

AA-supplemented formula had higher Bayley mental and
psychomotor development scores, with no increase in
morbidity or adverse events [12]. Likewise, other studies
in term and preterm infants considered formulas contain-
ing DHA to be more appropriate, because of the frequent
deficiency of DHA in the first days of life in VLBW infants
[13, 14]. However, it must be remembered that AA is also
a key component of cell membranes and is one of the
most abundant fatty acids in the brain: it helps maintain
hippocampal cell membrane fluidity [15], protects the
brain from oxidative stress by activating peroxisome
proliferator-activated receptor gamma [16], and activates
syntaxin-3 (STX-3), a protein involved in the growth and
repair of neurons [17]. In one study, term infants who
were given supplemental AA showed significant improve-
ments in intelligence, as measured with the Mental Devel-
opment Index [18]. The dietary balance between ω-6 and
ω-3 and their LCPUFA metabolites is likely to be import-
ant in humans of all ages, but perhaps even more so in
preterm infants [19, 20].
Almost all preterm infant formulas contain AA sup-

plementation. However, the formulas often contain an
ω-6 to ω-3 ratio of 1/1. This study aimed to clarify the

importance of higher formula AA values and establish
the preferred omega-6/omega-3 ratio for supplementa-
tion of breast milk, by assessing anthropometric, visual,
auditory, and psychomotor development in very preterm
infants receiving diets supplemented with different AA/
DHA ratios (1/1 vs. 2/1).

Patients and methods
Study design
This prospective randomized controlled double-blind trial
was conducted to study nutritional supplementation in
preterm infants <1500 g and/or between 25–32 weeks ges-
tational age (GA) who were born at the University Clinical
Hospital of Santiago de Compostela (CHUS). The infants
were enrolled for a period of 14 months (from July 2011 to
August 2012) and followed up from birth until 2 years of
age. Milk formulas were provided either as adjunct to in-
sufficient breast milk quantity or as full formula feeding.
Breastfeeding was actively encouraged. Patients were ran-
domly assigned to one of the two formula groups, accord-
ing to the type of formula they were to receive. The group
A formula was supplemented with AA and DHA with an
ω-6/ω-3 ratio of 2/1. The group B formula was supple-
mented with AA and DHA with an ω-6/ω-3 ratio of 1/1.
The primary outcome was psychomotor development,
assessed with the Brunet Lézine scale at 2 years of age
(Early Care Unit, CHUS). The secondary outcomes were
plasma levels of fatty acids at 3 months, 6 months, and
12 months (Metabolic Unit, Cruces Hospital, Bilbao); vis-
ual- and auditory-evoked potentials at 6 and 12 months of
age (Neurophysiology Unit, CHUS); and anthropometric
measurements (weight, length, and head circumfer-
ence) at 3, 6, 9, 12, 18, and 24 months of age (Neonatology
Unit CHUS).
The Brunet Lézine assessment results from the 2 sam-

ple groups were compared with the results from 25 pre-
term infants (<1500 g) from the same hospital (CHUS)
who were fed exclusively with human milk. Information
was used from the <1500 g preterm data registry of the
Spanish Society of Neonatology (SEN 1500). This program
includes 62 hospitals and centres throughout Spain, CHUS
being one of them. The 25 most recently-born preterm in-
fants (<1500 g) who were exclusively breast-fed were
chosen. There was no human milk bank available, there-
fore all infants were fed with their own mother's milk.

Power calculation and randomization
The primary outcome of the study was psychomotor de-
velopment. Differences in the Brunet Lezine score were
expected; therefore, the sample size was calculated on
this parameter using Brunet Lezine score results from
the SEN 1500 study over 9 years (from 2003 to 2011).
The absolute effect size was estimated for comparison
between formula- and human milk-fed children: it was
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7.2 points. The sample size was 30 infants in each group,
achieving an observed power of 80 %. The double-blind
randomized allocation of infants to a study formula was
stratified for gender, and a block size of four was applied.
The researcher that generated the random allocation
sequence was not the same researcher that enrolled
participants and assigned participants to interventions.
Participants and investigators were blinded to formula
allocation until all data analysis had been performed.

Study population
During the data collection period, 3357 infants were
born in our Hospital, of which 61 weighed <1500 g and/
or were 25–32 weeks GA. One child was excluded dur-
ing the first week due to a severe malformation; all other
parents gave consent to participate in the study (30 in-
fants in each group). Patients in the following situations
were excluded: preterm infants with severe malformations,
preterm infants with severe intraventricular haemorrhage
or periventricular leukomalacia (more than grade 2), and
neonates who did not need supplementary milk nutrition,
i.e. breast-fed only children.
Sixty preterm infants entered the study in the first

week of age. One died at 2 months, and communication
was lost with two more: one at 3 months and the other
at 6 months of age. Three preterm infants were excluded
during their first two months because of severe intraven-
tricular haemorrhage, and nine children converted to ex-
clusive breastfeeding during the first six months. From
6 months until the end of the study, 45 children were in-
cluded and followed up: 24 infants in group A and 21 in
group B.

Ethical statement
The study was approved by the Galician Research Ethics
Committee, Spain. Written informed consent was ob-
tained from all parents, after the experimental protocol
had been explained to them in detail. The study was reg-
istered at ClinicalTrials.gov (NCT02503020).

Dietary intervention
Breastfeeding was encouraged in all preterm infants. Ne-
onates who could not meet more than half their milk re-
quirements from their mothers’ milk alone at the end of
the first week of age were included in the study. Infants
in group A received milk formula for preterm infants
containing a fixed amount of ω-3 (DHA) lipids (0.33 %)
with an ω-6/ω-3 ratio of 2/1. Infants in group B received
formula for preterm infants containing a similar quantity
and quality of proteins, carbohydrates, lipids, vitamins,
and micronutrients as group A, and a fixed amount of
ω-3 lipids (0.37 %) but with an ω-6/ω-3 ratio of 1/1. It
should be noted that neither of the formulas used con-
tained other sources of ω-6 and ω-3 besides AA and

DHA, therefore when this study refers to the ω-6/ω-3
ratio, it is equivalent to the AA/DHA ratio. Whilst in
hospital, the two groups received similar quantities of
fluids and calories (almost 160 ml/kg/day of fluids, and
120 kcal/kg/day), and a breast milk fortifier that did not
contain lipids. At 3 and 6 months of corrected age, the
milk type was changed according to nutritional require-
ments, but the same ω-6/ω-3 ratio was maintained in
each group. Parents began adding complementary foods
at five months of life. They kept a daily nutrition diary,
and the omega-6/omega-3 ratio in foods was strictly
controlled so that the two groups received similar
amounts of both omega-6 and omega-3 apart from the
formula. The families of all children in both groups were
given the same recommendations and encouraged to
introduce complementary foods together with milk.
Table 1 presents the main contents of the formulas used
in this study [21].

Methods
For fatty acid analysis, blood samples were collected
from study children at 1 week of age, then at 3, 6, and
12 months. The samples were collected in tubes with
anticoagulant (EDTA). After immediate centrifugation
the plasma was separated and stored at −80 °C until ana-
lysis. When all samples had been received in the labora-
tory, plasma total fatty acids were trans-methylated as
per the method described by Lepage and Roy [22]. Using
tridecanoic acid as the internal standard, the fatty acid
methyl esters were separated and quantified on an Agi-
lent Technologies 7890A gas chromatograph using a
flame ionization detector on a capillary column SP-2380
(Supelco, Bellefonte, PA, USA). Fatty acids were identi-
fied by comparison with commercial standards from Nu-
Chek (Elysian, MN, USA) and Sigma (Madrid, Spain).
Each fatty acid was quantified using electronic integration
in the offline Chem Station. Nutritional content was cal-
culated using a dietary calculation computer programme
(www.odimet.es).
Anthropometric assessment was performed by the

same personnel and with the same devices for both
groups. For weight, a special balance was used (Seca),
which had two programs: one with an expected error of
3 g and minimum and maximum limits of 40 g – 6000 g,
respectively, (used until 3 months of age) and the other
program with an expected error of 5 g and minimum and
maximum limits of 100 g – 15 000 g, respectively, (used
for infants older than 3 months). Length was measured
using a special sliding infant measuring table (counter
recording) with an expected error of 2 mm and a mini-
mum and maximum of 20 cm and 100 cm, respectively
(Holtain). Head circumference was determined using a
non-stretchable measuring tape, measuring the perimeter
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at the level of the occipital prominence at the back and
the mid forehead at the front.
Evoked potentials were performed using the same

technique and device in both groups (Nicolet Viking IV
NT), and the results were evaluated by the same trained
personnel. Psychomotor development was assessed using
the Brunet Lézine Scale. The Brunet Lezine scale pro-
vides an objective evaluation of a child’s maturation level
in four areas: motor, coordination, language, and social
[23]; an overall score ≥85 is considered normal.

Study of other risk factors
It was important to establish if there were differences be-
tween group A and group B in terms of risk factors that

could affect mental development. Therefore, sex, gesta-
tional age (assessed by prenatal echo), birth weight,
APGAR, use of surfactant, sepsis, need for mechanical ven-
tilation, use of FiO2 > 30 %, presence of intracranial haem-
orrhage, administration of ibuprofen for patent ductus
arteriosus, and presence of bronchopulmonary dysplasia
were assessed in all children who entered the study. Finally,
parents were asked if they worked, and if they had a uni-
versity degree. The two groups were compared, and no sig-
nificant differences were found between them (Table 2).

Statistical analysis
All statistical calculations were performed with SPSS
(SPSS, v.20.0, Chicago, Illinois, USA). Normality of data

Table 2 Comparison of risk factors in children between the three groups

Some risk factors ω-6/ω-3 = 2 ω-6/ω-3 = 1 Control group p value

Group A Group B

n = 24 n = 21 n = 25

n (rate) n (rate) n (rate)

12 (50 %) 11 (52 %) 12 (48 %) ns

7 (29 %) 7 (33 %) 8 (32 %) ns

5 (21 %) 4 (19 %) 5 (20 %) ns

5 (21 %) 4 (19 %) 4 (25 %) ns

2 (8 %) 2 (10 %) 3 (12 %) ns

8 (33 %) 8 (38 %) 8 (32 %) ns

4 (17 %) 4 (19 %) 5 (20 %) ns

9 (38 %) 6 (29 %) 8 (32 %) ns

9 (38 %) 7 (33 %) 6 (24 %) ns

3 (13 %) 3 (14 %) 4 (16 %) ns

7 (29 %) 7 (33 %) 7 (28 %) ns

2 (8 %) 1 (5 %) 1 (4 %) ns

2 (8 %) 1 (5 %) 2 (8 %) ns

Male

Gestation age <30 weeks

Weight at birth < 1000gm

APGAR at 5 min < 9

APGAR at 10 min <9

Need of surfactant

Sepsisa

Mechanical ventilation

Need of Fio2 > 30 %

Intra cranial hemorrhage (grade I or II)

Need of ibuprofen

Broncho pulmonary dysplasiab

Both parents do not have job

Both parents do not have university degree 13 (54 %) 12 (57 %) 12 (48 %) ns

Data are presented as number (percentage), significant differences between groups (p < 0.05, Chi-square test)
aPreterm infants who had positive blood culture with appropriate clinical suspected status
bPreterm infants who had oxygen requirement either at 28 postnatal days or 36 weeks postmenstrual age

Table 1 Total proteins, lipids, and carbohydrate per 100 ml of formula used

Compositions of 100 ml of used formulas Total proteins g/100 ml Total lipids g/100 ml Total carbohydrates g/100 ml

Group A formula (ω-6/ ω-3 = 2) Preterm formula (16 %) 2.35 4 8.64

First 6 months formula (13 %) 1.43 3.77 7.15

6-12 months formula (13 %) 1.65 2.92 7.67

Group B formula (ω-6/ ω-3 = 1) Preterm formula (16 %) 2.27 4.22 8.51

First 6 months formula (13 %) 1.52 3.57 7.67

6-12 months formula (13 %) 1.61 3.09 7.52

Human milk (22) 2.2 4.4 7.6Born <29 weeks GA

Born 32–33 weeks GA 1.9 4.8 7.5

p value ns ns ns

[22], Bauer et al. [21]; 13 % and 16 %, the concentration of the formula (g/100 cc). Significant differences between groups (p <0.05, Kruskal-Wallis test)
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was analyzed with the Shapiro–Wilk test. A p value < 0.05
was considered statistically significant (two-tailed test),
with 95 % confidence interval. Multiple testing corrections
were performed using Bonferroni correction. Qualitative
variables were compared between groups using a chi-
square test. To evaluate Brunet Lezine score, Wilcoxon
test was performed between each pair of groups (A
and B, A and control, and B and control). For plasma
fatty acid values and anthropometric measurements,
quantitative variables were compared between groups
using Wilcoxon test.

Results
Sixty-one infants were recruited (Fig. 1), and 60 infants
were randomly assigned to one of the two study formu-
las. Forty-five infants were followed up until 24 months
of age.
During the first month of life, 54 of group A and 48 %

of group B were fed on breast milk supported with one

of the formulas. At 3 months of chronological age, 79 of
group A and 76 % of group B were fed exclusively on
formula, and at 6 months, 92 of group A and 86 % of
group B were fed exclusively on formula. The percentage
of feeds provided by breast milk in all mixed-fed infants
was less than 40 % of total milk {Group A, mean 21 %,
(range 10 % to 35 %). Group B, mean 26 %, (range 15 %
to 40 %)}. There were no statistically significant differ-
ences between the two groups.

Psychomotor development
At 24 months’ corrected age, the three groups were
assessed using the Brunet Lézine scale. The proportion
of preterm infants with a Brunet Lézine score greater
than or equal to 85 was studied and compared, as was
the mean score of each group, and a significant differ-
ence was noted (Table 3). Each group was then com-
pared with the two other groups separately. There was a
significant difference between group A and group B:

Fig. 1 Dietary intervention and follow-up of children during the first two years of life. CA, corerected age; IVH, intraventricular hemorrhage
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only one child had a score less than 85 in group A, com-
pared with six children in group B. There was also a
significant difference in the average scores of groups A
and B. The Brunet Lézine results of the control group,
who were exclusively breast-fed, were compared with both
formula groups: group A and the control group had a
similar proportion of children with a score less than 85
and similar average scores. However, group B had worse
results than the control group for both proportion of chil-
dren with a score less than 85 and average score.

Lipid profile
Some samples were not taken during follow-up due to
parental refusal (one at 1 week, five at 3 and 6 months
each, and three at 12 months of age). Children from
group A had the following results compared with group
B (Table 4): significantly higher total levels of ω-6, AA,
and PUFA at 6 and 12 months corrected age; signifi-
cantly higher levels of DHA and ω-3 at 6 months; and
similar plasma ω-6/ω-3 ratio at 3, 6, and 12 months of
age. There were no significant differences in docosapen-
taenoic acid (C22:5ω3), eicosapentaenoic acid (C20:5ω3),
or linoleic acid (C18:2ω6) between the two groups at 6
or 12 months.

Anthropometric measurement and evoked potentials
There were no significant differences between the two
groups for the variables of weight, length, or head cir-
cumference, during the first two years of life. Likewise,
there were no statistically significant differences in the
results of visual- and brainstem auditory-evoked poten-
tials at 6 and 12 months corrected age (Table 5).

Discussion and conclusions
This trial studied very preterm infants who received sup-
plementary formulas with different AA/DHA ratios (group
A, 2/1 and group B, 1/1). Group A had significantly higher
plasma values of arachidonic acid and polyunsaturated
fatty acids than group B. Group A also achieved a higher
average Brunet Lézine score at 24 months than group B.
Regarding Brunet Lézine score at 24 months, there

was a statistically significant difference between the two
groups: in group A (ω-6/ω-3 = 2/1), only 4.2 % had a
score less than 85. Also, group A had a higher mean

score than group B. This could have been due to the
higher quantity of ω-6 or PUFAs that group A were fed,
as well as the higher plasma levels of ω-6 and PUFAs in
group A compared with group B. To explain these re-
sults, it must be remembered that AA is a key compo-
nent of cell membranes, serves as a precursor to
prostaglandin formation, and is clearly involved in the
signalling systems of the brain [15]. Whilst it is acknowl-
edged that maternal milk is the ideal milk and generally
contains a higher concentration of AA than formula
milk [8, 28, 29], the amount of AA needed by preterm
infants to maintain ideal brain development is not clear,
and more studies and further discussion are required.
To clarify the results of this study, we reiterate that the
two formula groups were randomly assigned, then ob-
served and followed closely during the first two years of
life. From the beginning of the study, the two groups
had similar gestational ages, weights at birth, APGAR at
5 and 10 min, and incidence of other risk factors that
could affect neurodevelopment (e.g., sepsis, intracranial
haemorrhage, bronchopulmonary dysplasia). The study
aimed to provide similar nutrition to all preterm infants
in the two groups during this period. The two study
groups were also compared to a breast milk-only group.
However, the two study formulas differed not only in the
proportion of omega 6 and omega 3 LCPUFAs, but also
in the total amount of LCPUFAs. It cannot be excluded
that the better performance of infants fed with formula
A could be attributable to the total quantity (and not the
ratio) of LCPUFAs.
International groups have published recommendations

for the optimal levels of ω-3 and ω-6 during the first three
years of life, with recommended ω-3 supplementation
ranging from 0.6 % to 2 % of daily energy requirements
compared with 5 %-10 % of ω-6 (almost a 10-fold
difference) [24] The European Society for Paediatric
Gastroenterology, Hepatology and Nutrition (ESPGHAN)
Committee on Nutrition suggests that the daily intake for
a preterm infant include the following: DHA, 12 to
30 mg/kg (≈0.2 %-0.5 % of all fatty acids) and AA, 18 to
42 mg/kg (≈0.3 %-0.7 % of all fatty acids) [25].
Multiple studies have confirmed the importance of

PUFAs in preterm infants’ mental development and have
reported that preterm infants fed with supplemental PUFAs

Table 3 Comparison of Brunet Lézine score in very preterm infants in group A, B, and control

24 months
Brunet-Lézine score

ω-6/ω-3 = 2
Group A n = 24

ω-6/ω-3 = 1
Group B n = 21

p value Control group
n = 25

ω-6/ω-3 = 2
Group A n = 24

p value Control
group n = 25

ω-6/ω-3 = 1
Group B n = 21

p value

Mean (SD) 99.9 (9) 90.8 (11) 0.028 100.5 (7) 99.9 (9) ns 100.5 (7) 90.8 (11) 0.007

<85 1 (4.2 %) 6 (28.6 %) 0.039 1 (4 %) 1 (4.2 %) ns 1 (4 %) 6 (28.6 %) 0.036

≥85 23 (95.8 %) 15 (71.4 %) 24 (96 %) 23 (95.8 %) 24 (96 %) 15 (71.4 %)

Data are presented as number (ratio) or mean (SD). Significant differences between groups (p <0.05, Chi-square test for comparing ratios, Wilcoxon test for
comparing scores)
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(especially DHA) showed improved brain development.
However, none of these trials clearly recommended an ω-6
to ω-3 ratio [11, 12, 26].
A review of the scientific literature showed that the

AA/DHA ratio in formula milk (often 1/1) is different
from the AA/DHA ratio in breast milk. In a review of 65
studies involving 2474 women, the mean concentration
of DHA in breast milk was 0.32 % (range: 0.06 %–1.4 %)
and that of AA was 0.47 % (range: 0.24 % –1.0 %) [27].
In a study on FA composition of mothers’ milk at 3, 7,
and 28 days post-partum in term and preterm infants,
the ratio of AA/DHA was approximately 3/1 and 2/1, re-
spectively, with DHA levels between 0.5 %-1.0 %, and
AA levels between 1.3 %-2.6 % [28]. Also, in one investi-
gation conducted in nine countries concerning breast
milk for term neonates, 7 countries reported an AA/
DHA ratio greater than 1/1 and only 2 countries re-
ported a ratio of less than 1/1 (range, from 0.51/1 in
Japan to 3.16/1 in the USA) [29]. In a new study of term
infants in the USA, the AA/DHA ratio in breast milk
was 2.64/1 at birth and 2.81/1 at 6 weeks [8].
Interestingly, despite having different formula ratios of

AA/DHA, the same quantity of DHA, and almost the
same proportion of mixed-fed children (breast-fed with
formula) in groups A and B, there was almost no differ-
ence between the two groups in plasma ω-6/ω-3 ratio
and group A had higher DHA levels than group B at
6 months. This could have been because α-Linolenic
acid and Linoleic acid compete for the same enzyme
pathways to form DHA and AA, respectively [30], and
since group A had higher AA supplementation, the in-
ternal balance of LCPUFA synthesis could have shifted
towards DHA. In addition, plasma omega-6/omega-3 ra-
tios were not expected to be similar, and this result could
have been because omega-6 and omega-3 have many com-
ponents besides AA and DHA. The balance of omega-6
and omega-3 is highly complex, and our trial is the first in
addressing AA, as previous trials have focused on DHA
and overlooked AA. Therefore, further studies are required
to understand the complex relationship between omega-6
and omega-3. However, plasma PUFAs were higher in
group A than in group B. This means that the increased
quantity of AA in the milk given did not affect the balance
between ω-6 and ω-3. This balance is considered very im-
portant in human health and growth [9].
A recent review showed that LC-PUFA supplementa-

tion during pregnancy was associated with modest
increases in birth size in both low-income and high-
income populations. However, postnatal supplementa-
tion with LC-PUFAs did not influence infant growth
[31]. Throughout our study, anthropometric growth was
measured during the first two years of life in groups A
and B, and weight, height, and head circumference
growth were similar in the two groups. Therefore, these

results suggest that higher formula levels of omega-6 do
not affect anthropometric growth.
The VEP results of group A and group B were com-

pared, showing no major differences in visual function, a
result that supports the unique importance of DHA in vis-
ual pathway maturation in preterm infants. Underscoring
this, DHA levels have been shown to reach 30 %-40 % of
total fatty acids in rod photoreceptor outer segments of
the human retina [32] and the two formula groups re-
ceived the same quantity of DHA. This result was despite
of the different plasma DHA values at 6 months.
Theoretically, the auditory tracts are neural fibres, and

LC-FUFAs are thought to be important in their develop-
ment and maturation. However, no studies were found
to support this hypothesis. Paradoxically, one study
showed no effect of LC-PUFA on auditory brain-stem
evoked responses [33]. Due to the above data, no im-
portant differences were anticipated between the two
groups in terms of auditory function, despite one group
having double the quantity of AA.
All mothers were from the same geographical area,

were of the same ethnicity and religion, and had similar
dietary habits. There are several studies on the omega-6/
omega-3 ratio in breast milk confirming minimal differ-
ences in this ratio in the same geographical region, and
marked differences only between distant parts of the
world, because of distinct dietary habits [27, 29]. There-
fore, in this study, the breast milk omega-6/omega-3 ra-
tio was not measured, as it was understood that it would
contain a similar ratio, and that the significant difference
in the omega-6/omega-3 ratio was between the supple-
mental formulas only. Also, the number of mixed-fed
babies decreased significantly after the first month of life
(from the first month to the third month, from 54 % to
21 % in group A and from 48 % to 24 % in group B).
There was a variety of factors that were difficult to con-

trol, for example the socio-economic status and the edu-
cational level of the mother [34, 35]. These factors could
have played an important role in neurodevelopment and
cognitive function. Finally, the relatively small sample sizes
(as a result of more children than expected being lost to
follow-up) could be another limitation of this trial.
In conclusion, the improved LCPUFA plasma concen-

trations and psychomotor development in very preterm
infants despite the same formula quantity of DHA could
have been due to the double mount ratio of AA to DHA
or the higher total quantity of LCPUFAs. Nevertheless,
further studies are required to support the benefits of a
balanced AA/DHA ratio (more AA) in preterm infant
supplementation.
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