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ABSTRACT 

A direct influence of dietary long-chain polyunsaturated fatty 

acids (LC-PUFA) on the developmental quotient (DO) of the 

healthy term infant remains unexplored. To test this hypothesis, 
we designed a prospective study of three types of diet. 'I'wenty- 
nine infants received a LC-PUFA-supplemented formula, 31 

received a standard infant formula. and 30 infants were breast- 
fed exclusively. Neurodevelopmental response was measured by 

the Brunet-LCzine psychomotor development test at 4 mo. The 
fatty acid status was also assessed among three diet subgroups 

(59 subjects) at 4 mo. Formula-fed infants who received LC- 

PUFA supplementation scored significantly higher (p < 0.01) on 
the Brunet-IRzine scale than infants who received the standard 

formula. Breast-fed infants also performed better than those fed 
the standard formula. Arachidonic acid and docosahexaenoic 
acid levels in circulating lipids and erythrocyte phospholipids 
were higher among breast-fed infants and among the group fed 

the arachidonic- and docosahexaenoic acid-supplemented for- 

Experimental evidence is accruing that dietary supplemen- 

tarion or deprivation of the precursors of LC-PUFA (LA and, 

in particul;ir, ALA) during the early stages of growth affect 

both LC-PUPA composition in nervous tissue and sensory- 

motor development (1-4). Decreased levels of DIIA (the 

major n-3 LC-PUFA derived from ALA) in the brain tissue of 

animals fed ALA-poor diets have been associated with altered 

learning patterns. Dietary supplementation with preformed 

DHA increases the DHA levels in animal brain tissue and 

improves learning skills (5 ,  6). 

During the perinatal neural growth spurt, the placenta en- 

riches the fetal circulation with AA (the major among n-6 

LC-PUFA) and DHA in animals as  well as  humans (7-10). 

Postnatally, the ideal natural source of these fatty acids is 

breast milk (1 1). Varying amounts of L A  and ALA are to be 

mula. These findings are suggestive that formula supplementa- 

tion with one or both of these fatty acids can benefit term infants 
in neurodevelopmental performance. (Pediafr Res 38: 262-266, 

1995) 

Abbreviations 
DQ, developmental quotient 

HM, human milk 
LC, long chain 

PUFA, polyunsaturated fatty acids 

LA, linoleic acid or 18:2n-6 

ALA, a-linolenic acid or 18:3iz-3 

AA, arachidonic acid or 20:4n-6 

DHA, docosahexaenoic acid or 22:6n-3 

CI, confidence interval 

ANOVA, analysis of variance 

found in most standard infant formulas, whereas preformed 

LC-PUFA are not. Plasma concentrations of LC-PUFA tend to 

be lower with formula feeding even though precursors be 

present (12, 13). Among dietary LC-PUFA DHA is preferen- 

tially channeled into the brain phospholipids of human infants 

(14). Brain levels of D H A  are also associated with erythrocyte 

DHA levels (15). Correlations between dietary amounts of AA, 

DHA, and LC-PUFA, their circulating and erythrocyte phos- 

pholipid levels, and performance at visual and behavioral 

assessments have been found by studies on preterm infants, 

particularly prone to LC-PUFA deficiency (16-19). A recent 

study found that there was a significant relationship between 

higher DHA erythrocyte concentrations and performance at 

visual acuity test among full-term, breast-fed infants (20). 

T o  assess psychomotor development against LC-PUFA sta- 

tus in a population of 4-mo-old term infants, we  rated on 
-- - 

Brunet-Ezine 's  neurodevelopmental scale the infants' pos- 
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METHODS at 4 mo. This test is commonly used in the Romance language- 

Study design and subjects. In a controlled, randomized 

prospective study with a parallel-group design, we surveyed 90 

infants born in our clinic between September 1992 and August 

1993. Subjects were followed at monthly intervals thereafter 

until the 4th mo of life. Eligibility was defined by gestational 

age comprised between the completed 37th and 42nd wk, 

weight at birth appropriate for gestational age according to 

Battaglia and Lubchenko charts (21, 22), Apgar score better 

than 7 at 5 min, and absence of disease. The definition of 

gestational age was based on the last menstruation date and 

confirmed by an ultrasound examination performed within the 

20th week. Breast-fed infants were not randomized. Artificially 

fed infants were randomly allocated (according to a time- 

balanced randomization table) to groups in a double-blind trial 
, - A  

of two types of formula within the 3rd d of life. One group of 

infants (Fl)  was fed an experimental LC-PUFA-supplemented 

formula, another group (F2) received a standard commercially 

available formula lacking in LC-PUFA, but including their 

polyunsaturated precursors LA and ALA (Table 1). A third 

group (HM) included infants fed exclusively on their mother's 

milk. The formulas were supplied by Milupa AG of Friedrichs- 

dorf, FRG, and differed only in fat content and quality. Both 

formulas contained 1.5 g protein, 7.2 g lactose, 3.6 g fat per 

100 mL (energy: 67 kcall100 mL). The lipid mixture of the 

experimental formula included LC-PUFA of the n-3 and n-6 

series. The fat blend was derived from palm oil, coconut and 

palm kernel fats, soybean oil, sunflower oil for its parent 

PUFA, and evening primrose oil for its y-linolenic (18:3n-6)- 

containing triglycerides. Egg lipids were added to provide 

LC-PUFA-containing phospholipids and triglycerides. 

Protocol. Parents gave their informed consent for enroll- 

ment, neurodevelopmental testing, and blood sampling and 

analysis. The Departmental Ethics Committee approved the 

study aims and design. Parents were also requested to adhere 

strictly to the prescribed diet (except on contrary medical 

advice). Parental age, education, and occupation status (clas- 

sified according to the Italian Census Institute) (23) and infant 

birth order were recorded. 

Brunet-Lbzine test. The Italian edition of the graded psy- 

chomotor developmental test by 0. Brunet and I. LCzine for 

French children (24) was used to rate global neurodevelopment 

Table 1. Fat composition of the two study formulas and HM 

Fatty acids 

(d l00 g fat) F1 F2 European HM* 

Saturated 55.1 48.2 39.0-51.3 

C18:ln-9 28.7 38.8 34.2-44.97 

18:2n-6 10.8 11.1 6.9-16.4 

18:3n-6 0.30 0.1-0.9 

18:3n-3 0.73 0.70 0.7-1.3 

20:4n-6 0.44 0.2-1.2 

20:5n-3 0.05 0.0-0.6 

22:6n-3 0.30 0.1-0.6 

F1 = LC-PUFA-supplemented formula, F2 = standard formula. As the raw 

materials used in the lipid blend are from natural sources, fatty acid content 

may vary. 

* Bibliographical Ref. 11. 

? Given as total monounsaturated fatty acids. 

speaking nations of Western Europe. Brunet-Ltzine's psycho- 

metric approach, like that of other tests, ultimately derives 

from Gesell's developmental schedules (25) and is adapted to 

the age range of our population. It explores four developmental 

areas: posture and gross motor function, adaptation and fine 

motor function, social reactions, and language. Scores on 

Brunet-LCzine's neurodevelopmental scale rate the perfor- 

mance of items of graded difficulty. Item batches of 10 are 

assigned to 1 mo of real age. Real age is defined as the 

postnatal age in weeks corrected by subtracting 40 wk from the 

postconceptional age (24, 26). Developinental age is calculated 

as the sum of credits earned with the performance of each item 

in the battery. A credit counts as 1 and represents 3 d of life. 

The DQ is then calculated according to the following formula: 

Developmental age 

Real age 
x 100. 

Brunet and Uzine standardized the tests for each grade by 

comparing the rate of success (%) in the performance of each 

item. A success rate of >68% defines an item as characteristic 

of each monthly stage of development. This empirical classi- 

fication is then statistically validated ('24). 

All tests were carried out by the sarne monitor (S.T.). 

Fatty acid analysis. Whole venous blood from the antecu- 

bital vein was diluted in an acid-citrate-dextrose-solution (71 

mmol/L citric acid, 85 mmol/L sodium citrate, 111 mmol/L 

dextrose; 1:9 vol/vol) and centrifugated at 1250 rpm for 18 

min, and plasma rich in platelets was removed. Erythrocytes 

were resuspended in acid-citrate-dextrose and further centrifu- 

gated (four cycles). After osmotic shock the erythrocyte mem- 

branes were washed at high speed centrifugation and the final 

pellet was stored at -80°C until analyzed. The plasma for lipid 

extraction was obtained by centrifugation of plasma rich in 

platelets at 3000 rpm for 15 min after removal of the platelet 

pellet. Plasma lipids were extracted by stepwise addition of 1 

mL water, 4 mL methanol, and 8 mL chloroform to 0.5 mL of 

plasma. After phase separation, the organic layer was collected 

and solvents evaporated under N, (27). Lipids were extracted 

from erythrocyte membranes with chloroform-methanol (2:1, 

vol/vol) (28) and KC1 0.88% in the presence of the antioxidant 

butylated hydroxytoluene (5 pg/mL). Plasma lipid classes and 

erythrocyte phospholipids were separated by thin-layer chro- 

matography (thin-layer chromatography silica gel plates 60, 

supplied by Merck of Darmstadt, FRG) using n-hexaneldiethyl 

etherfacetic acid (8012011, vol/vol) as developing solvents (29). 

Fatty acid methyl esters were prepared by acid-catalyzed 

transmethylation with methanolic hydrochloride (Supelco, 

Bellefonte, PA) and separated by gas-chromatography (Carlo 

Erba model 4160, supplied by Fisons Instruments of Rodano, 

Italy, equipped with a flame ionization detector) and a fused 

silica capillary column (Supelco Omegawax 320, 30 m in 

length, 0.32-mm internal diameter, and 0.25 p m  thick film), 

using a temperature program rising from 130 to 230°C by 

increments of 3"C/min. Separate peaks from the detector out- 

put were identified by using pure reference compounds (Su- 

pelco) and were expressed as weight %. Nonadecanoic acid 
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(19:O) was added as internal standard to the sample before 

methyl ester preparation. The following fatty acids were iden- 

tified for most plasma lipid classes and erythrocyte phospho- 

lipids: 16:0, 16:ln-7, 18:0, 18:ln-9, 18:2n-6, 18:3n-6, 18:3n-3, 

20:3n-6, 20:4n-6, 20:5n-3, 22:4n-6, 22:5n-6, 22:5n-3, 22:6n-3. 

Fatty acid fractions of less than 0.2% were not considered. 

Statistics. In planning trial size, the probability /3 of a type 

I1 error fixed at 0.10 was considered acceptable to estimate 

clinical response with a DQ magnitude variation of 10% 

admissible for a clinically meaningful difference between 

groups. The number of subjects for the purpose of the study 

was calculated as 24 in each group. We then oversampled up to 

30. With 24 subjects per feeding group, the differences be- 

tween groups of the average fatty acid parameters yield a 

probability P of between 0.03 and 0.08 for a type I1 error 

measured as AA and DHA variation of 30 and 50%, respec- 

tively (12, 13). The data are expressed as mean t SD. The 

95% CI were calculated at 4 mo for the variables under study. 

Differences between DQ scores and fatty acid levels were 

tested by ANOVA. Categorical variables for socioeconomic 

indicators were compared using the 2 test. Comparison be- 

tween group means was tested by the Newman-Keuls method. 

The limit of significance was set at 0.05. All statistical analyses 

were performed on the SPSS/PC+ statistical package (SPSSI 

PC+3.1; SPSS Inc., Chicago, IL). 

75%, 107; 90%, 115; 95%, 122. The distribution of these 

observations falls within the distribution curves described by 

Brunet and Gzine,  who report that 50% of their observed DQ 

scores in 725 subjects fall between 90 and 110 (6 subjects 

>125; 7 subjects <80; interobservation correlation of r = 

0.85, with different monitors) (24). A significant scoring dif- 

ference can be seen between the enriched formula and the 

standard formula-fed groups (Table 3). Breast-fed infants also 

scored higher than infants fed the standard formula. No differ- 

ence for parental and socioeconomic factors was found be- 

tween the three infant groups. The time-balanced randomiza- 

tion tables removed intergroup differences due to parental 

occupation and education status (data not shown). 

Consent for blood sampling was obtained from the parents 

of 15 infants (50%) in HM, 23 in F1 (85%), and 19 in F2 

(65%). The subjects not sampled did not present diffcrences in 

basic characteristics and DQ, when compared with infants of 

the same groups who underwent blood testing. Among infants 

who underwent blood sampling, the breast-fed and the supple- 

mented formula-fed groups present AA and DHA levels in 

their circulating and erythrocyte lipids that are higher than 

those of infants fed the standard formula (Table 4). Only 

erythrocyte AA levels were found to be higher among infants 

in the supplemented formula-fed group, whereas they were 

similar in the breast-fed and the standard formula-fed groups. 

RESULTS DISCUSSION 

Ninety subjects were recruited and thus allocated: 29 in 

group F1 (15 boys, 14 girls), 31 in F2 (16 boys, 15 girls), and 

30 subjects in the HM group (13 boys, 17 girls). At 4 mo, 86 

subjects underwent Brunet-LCzine's neurodevelopmental test. 

Four subjects (two girls in both F1 and F2) were too agitated 

and could not be assessed. Table 2 sets out the characteristics 

of the 86 infants. 

The mean Brunet-LCzine score of our sample was 101 (SD, 

11; 95% CI = 99-103). The minimum score reached was 80 

and the maximum 136. The percentile cutoffs were obtained at 

the following points: 5%, 82; lo%, 86; 25%, 94; 50%, 101; 

This is the first study that directly connects the psychomotor 

performance of full-term infants at 4 mo with LC-PUFA of 

both the n-6 and 12-3 series integrated in a formula regimen. We 

speculated that if an enhanced neurodevelopmental response 

could be elicited among infants either breast-fed or fed a 

formula supplemented with LC-PUFA, this could be the effect 

of the presence of these fatty acids in their diet and could also 

account for their higher performance at psychomotor tests. 

The preferential uptake by the developing brain of pre- 

formed, longer chain fatty acids with a higher degree of 

unsaturation (30, 31) can alter the lipid composition of neuron 

Table 2. Group characteristics (mean 2 SD) of the 86 infants who underwent the DQ testing 
-. 

ANOVA by milk 

FI (n = 27) F2 (n  = 29) HM (n =30) F P 

Weight at birth (g) 31 68 2 448 3299 t 453 3431 -t 501 2.24 0.1 1 

Parity (n) 1.4 + 0.6 1.6 i 1.1 1.6 i 0.5 0.61 0.54 

Mother's age (y) 32.4 + 5.7 31.5 + 5.5 29.4 + 5.9 2.10 0.12 

Father's agc (y) 34.5 2 5.1 33.1 + 4.8 32.1 + 6.4 1.36 0.26 

Gestational age (wk) 39.0 -+ 1.3 39.4 -+ 1.4 39.0 2 1.1 0.95 0.39 

Postconceptional age at DQ (wk) 56.6 2 1.5 56.9 2 1.5 56.7 2 1.7 0.27 0.76 

Real age at DQ (wk) 16.6 t 1.5 16.9 2 1.5 16.7 + 1.7 0.45 0.63 

F1 = LC-PUFA-supplemented formula, F2 = standard formula. 

Table 3. DQ (mean i SD) at 4 mo 

ANOVA (by milk) 

Diffcrcnt superscripts (t, ') indicate significantly different (p < 0.05) valucs. FI = LC-PUFA-supplemented formula, F2 = standard formula 
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Table 4. Mean levels ( 2 S D )  of fatty acids (FA) (% wt/wt) in lipid classes 

FA F1 (n = 21) F2 (n = 23) HM (n = 15) F P 

FA in plasma, total lipids 

20:4n-6 

95% C I  

22:6n-3 

95% C I  

F A  in plasma phospholipids 

20:4n-6 

95% C I  

22:6n-3 

95% C I  

FA in plasma cholesterol esters 

20:4n-6 

95% C I  

F A  in erythrocyte phospholipids 

20:4n-6 

95% C I  

22:6n-3 

95% C I  

Different superscripts (7, *, $) indicate significantly different (p < 0.05) values. F1 = LC-PUFA-supplemented formula, F 2  = standard formula.  

membranes and can also modulate brain neurotransmitter ac- 

tivity. A short-term effect of dietary LC-PUFA on the structural 

modification of membranes and the performance of sensory- 

motor function has indeed been experimentally and clinically 

demonstrated (4-6, 16-19). Sensory-motor performance was 

assessed to rate the neurodevelopmental response as DQ scores 

on Brunet-LCzine scale in contrast to earlier visual acuity (16, 

19) or developmental studies (17, 18) of preterm infants who 

were fed n-3 LC-PUFA and whose response was assessed by 

different methods. HM is a natural source of LC-PUFA, and 

enriching a formula patterned on HM with AA and DHA also 

significantly correlates with higher DQ scores that quantify this 

response. Circulating and erythrocyte phospholipid levels of 

AA and DHA were also significantly higher. 

Brunet-LCzine scales (like other psychometric tests) quantify 

variations from the theoretical mean of an empirical develop- 

mental sequence. The infant DQ derived from psychometric 

tests shows a poor relationship with the intelligence quotient of 

older children (24, 26). Then, that psychomotor infant devel- 

opment at 4 mo is directly influenced by the dietary intake of 

both AA and DHA does not ensure a predictive value of these 

results for childhood trends, and even less for later childhood 

development and beyond. The problem of the persistence of 

differences between groups supplied with n-3 LC-PUFA and 

controls has been addressed by animal studies (4, 6, 32) and is 

currently the focus of studies on preterm infants (16, 19). 

Animals lacking dietary LC-PUFA in the early stages of 

growth show an age-related recovery of their structural lipid 

composition with a rehabilitation diet (4, 6, 32). The possibility 

of a parallel functional improvement is still the object of 

debate. Midterm observations on animals and preterm infants 

are also often conflicting (4, 6, 16, 19, 32). 

The specific effect and nutritional mode of action of dietary 

AA and DHA in relation to neurodevelopmental response and 

dietary intervention planning are open questions for further 

study. The diet groups we studied are currently being followed 

and we will report on the medium- and long-term implications. 
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