
P=0.008), i.e. better VEP acuity (lower logMAR score) was

associated with a better MDI score. There was no significant

correlation between MDI score at 18 months and FPL acuity

at 4 months of age (Figure 4b). There was no significant cor-

relation between VEP acuity nor FPL acuity at 12 months and

the MDI score at 18 months.
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Figure 3: Relation between plasma DHA (a) and RBC-DHA
(b) at 4 months of age and MDI standard score at 18
months of age. The solid line shows the best fit to the data
by linear regression.

Figure 4: Relation between sweep VEP acuity (a) and FPL
acuity (b) at 4 months of age and MDI standard score at 18
months of age. The solid line shows the best fit to the data
by linear regression.

Table II: Mean and standard errors for the Bayley Scales of Infant Development, 2nd edition

Index Control DHA DHA+AA ANOVA

MDI (mean normative score=100)

Mean (SE) –1.7 (1.94)a 2.4 (1.81)a 5.6 (2.7)b F
2,53

=3.18, P<0.05

Median 1.0 3.0 3.0

25th to 75th centile –8.0 to 4.0 –4.0 to 7.0 –1.0 to 14.5

PDI (mean normative score=100)

Mean + SE –1.4 (1.34) –0.6 (0.97) 1.7 (0.69) H
2
=4.05, P=0.13

Median –1.0 –1.0 2.0

25th to 75th centile –7.0 to 3.0 –5.0 to 3.0 –1.0 to 6.0

BRS (mean normative score=50)

Mean + SE 7.3 (23.7) 6.4 (20.9) 8.1 (24.6) F
2,53

=1.22, P=0.30

Median 6.0 21.0 21.0

25th to 75th centile –7.0 to 9.5 0.5 to 40.5 –2.0 to 33.0

* Groups with different superscripts (a, b) are significantly different using the Bonferroni method.
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The MDI score at 18 months was not correlated with nor-

malized height, weight, or weight-for-length z scores at 4

months or 12 months of age.

PSYCHOMOTOR DEVELOPMENT INDEX (PDI)

The average PDI score for each diet group relative to the nor-

mative score of 100 is presented in Figure 2b and Table II. LCP

dietary supply during the first 4 months of life failed to have a

significant effect on PDI scores at 18 months of age (H
2
=4.05,

P=0.13). None of the infants in the control formula group or

in the DHA diet group showed accelerated performance on

the PDI. Two infants showed accelerated performance on the

PDI in the DHA+AA diet group. One infant in the control for-

mula group and one infant in the DHA+AA diet group

showed delayed performance on the PDI. None of the infants

in the DHA diet group showed delayed performance. 

PDI score at 18 months of age was not significantly corre-

lated with plasma or RBC-LA, LNA, AA, EPA, or DHA at 4

months of age or at 12 months of age. 

PDI score at 18 months was negatively correlated with VEP

acuity at 4 months of age (see Fig. 5a; r=–0.33, P=0.017), i.e.

better VEP acuity (lower logMAR score) was associated with a

better PDI score. There was no significant correlation between

PDI score at 18 months and FPL acuity at 4 months of age (Fig.

5b). There was no significant correlation between VEP acuity

nor FPL acuity at 12 months and PDI score at 18 months.

PDI score at 18 months was not correlated with normal-

ized height, weight, or weight-for-length z scores at 4

months. PDI score at 18 months was positively correlated
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Figure 5: Relation between sweep VEP acuity (a) and FPL
acuity (b) at 4 months of age and PDI standard score at 18
months of age. The solid line shows the best fit to the data
by linear regression.

Figure 6: Relation between sweep VEP acuity (a) and FPL
acuity (b) at 4 months of age and BRS centile score at 18
months of age. The solid line shows the best fit to the data
by linear regression.

Table III: Mean and standard errors for developmental age
scores (in months) on the subscales of the Bayley Scales of
Infant Development, 2nd edition

Subscale Control DHA DHA+AA
Mean (SE) Mean (SE) Mean (SE)

Cognitive 16.1 (0.32)a 17.6 (0.24)b 17.7 (0.18)b

Language 16.0 (0.33)a 16.8 (0.20)a 17.1 (0.19)a

Motor 16.0 (0.24)a 17.6 (0.21)b 17.9 (0.16)b

* Groups with different superscripts (a, b) are significantly different

using Dunn’s test for multiple comparisons.
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with normalized weight-for-length z scores at 12 months

(r
s
=0.325, P=0.020) but not with normalized weight or

length z scores at 12 months.

COGNITIVE, LANGUAGE, AND MOTOR SUBSCALES

As shown in Table III, developmental ages on the cognitive

subscale were significantly different among diet groups

(H
2
=11.24, P=0.004). On multiple comparison testing

(Dunn’s method), the control formula group performed sig-

nificantly poorer than both the DHA diet group (Q=2.94,

P<0.05) and the DHA+AA diet group (Q=2.84, P<0.05). 

No significant differences were found among diet groups

for developmental ages on the language subscale (see Table

II); the control, DHA, and DHA+AA diet groups performed at

the 16.0-, 16.8-, and 17.1-month levels, respectively. 

Also shown in Table II are the significant differences found

among diet groups for developmental ages on the motor sub-

scale (H
2
=15.00, P<0.001). On multiple comparison testing

(Dunn’s method), the control formula group performed sig-

nificantly poorer than both the DHA diet group (Q=3.64,

P<0.05) and the DHA+AA diet group (Q=2.93, P<0.05). 

BEHAVIORAL RATING SCALE (BRS)

As shown in Table II, BRS scores did not differ significantly

among diet groups (F
2,53

=1.22, P=0.30). Three infants in

the control formula group, two infants in the DHA diet

group, and five infants in the DHA+AA diet group performed

above the 90th centile. None of the infants scored in the low-

est 10th centile. 

There were no significant correlations between BRS

scores at 18 months and plasma or RBC-LA, LNA, AA, EPA, or

DHA at 4 or 12 months of age.

As shown in Figure 6a, the BRS score at 18 months was

negatively correlated with VEP acuity at 4 months of age

(r=–0.4, P=0.015); i.e. better VEP acuity (lower logMAR

score) was associated with a better BRS score. There was no

significant correlation between BRS score at 18 months and

FPL acuity at 4 months of age (Fig. 6b). There were no signifi-

cant correlations between VEP acuity nor FPL acuity at 12

months and BRS score at 18 months.

BRS score at 18 months was not correlated with normalized

height, weight, or weight-for-length z scores at 4 months. BRS

score at 18 months was positively correlated with normalized

weight-for-length z scores at 12 months (r=0.375, P=0.008)

but not with normalized weight or length z scores at 12 months.

Discussion
Supplementation of term infant formula milk with 0.36%

DHA and 0.72% AA during the first 4 months of life was associ-

ated with a mean increase of 7 points on the Mental

Development Index of the Bayley Scales at 18 months of age

over the control formula group. Power calculations for this

trial were initially based on the sample size necessary to

detect a 15-point difference (1SD) in the MDI and PDI scores

between groups. However, our sample sizes at 18 months

exceeded 15-per-diet group and the standard deviations of

measurement were smaller than anticipated (MDI SD ranged

from 8 to 11 and PDI interquartile intervals ranged from 7 to

10). The smaller than expected standard deviations may have

resulted from the more restrictive inclusion and exclusion

criteria for ‘normal’ term infants used in the present study

versus the Bayley normative sample (see Method section), the

segregation of infants by early diet (unlike the Bayley norms),

the use of a single examiner for all Bayley tests (unlike the

Bayley norms), or other unknown factors. Due to the smaller

than expected standard deviations, we were able to detect

smaller differences between groups than anticipated. It

should be noted that, while a 7-point increase in the MDI is a

small shift for an individual child relative to the standard devi-

ation of the normative sample, 7 points represents a signifi-

cant shift in the mean performance of a cohort of children.

In addition to a higher MDI score in the DHA+AA-supple-

mented group, there was a trend toward higher prevalence

of accelerated performance on the MDI in the DHA+AA-sup-

plemented group. Supplementation of milk-based term

infant formula with 0.36% DHA alone was associated with a

mean increase of 4 points on the MDI. Both the cognitive and

motor subscales of the MDI showed a significant develop-

mental age advantage for DHA and DHA+AA-supplemented

groups over the control group. While a similar trend was

found for the language subscale, it did not reach statistical

significance. These data support a long-term cognitive

advantage of infant dietary DHA supply during the first 4

months of life. The significant correlations between plasma

and RBC-DHA at 4 months of age but not at 12 months of age

and MDI at 18 months of age support the hypothesis that

early dietary supply of DHA was a significant determinant of

improved performance on the MDI. 

The significant correlation between sweep VEP acuity at 4

months of age and the MDI score at 18 months of age pro-

vides support for the use of sweep VEP acuity as a valid out-

come measure for brain development during infancy in

clinical trials of infant nutrition. FPL acuity at 4 months, on

the other hand, failed to show a significant correlation with

MDI scores at 18 months. This could suggest that FPL acuity

is a poor predictor of later mental development or, alternate-

ly, it may be that the higher variability associated with FPL as

compared with sweep VEP acuity measurements limited our

ability to detect a correlation with the current sample sizes.

Neither the PDI nor the BRS showed significant differ-

ences among diet groups, consistent with a specific advan-

tage of DHA supplementation on mental development. Both

scores were correlated, however, with sweep VEP acuity. As

in earlier studies of dietary DHA supply in preterm infants

(Carlson 1990, 1993), the PDI was correlated with growth at

12 months of age as assessed by weight:length ratio z scores.

A recent multicenter study of DHA supplementation of

infant formula by Scott et al. (1998) reported no effect of pro-

viding dietary DHA during the first year of life on the MDI

scores at 12 months of age. There are several differences

between the study by Scott and coworkers and the present

study that may have led to the different outcome. These

include the lower level of DHA provided to infants in the Scott

study (0.1% to 0.2% of total fatty acids versus 0.36% in the pre-

sent study), different exclusion and inclusion criteria, differ-

ent age at testing (12 months versus 18 months in the present

study), the use of multiple examiners in the multicenter study

by Scott et al. (which may increase variability), and the use of

different versions of the Bayley tests (the newer BSID-II has

more emphasis on cognitive tasks than the original version). 

While the Bayley Scales of Infant Development are a stan-

dard clinical assessment tool, its predictive value for later IQ

and scholastic achievement is high only if the study popula-

tion includes children with delayed, normal, and accelerated
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development. Our cohort contained only a few children with

delayed or accelerated performance but most children were

within normal limits (48 of 56). Thus, the predictive value for

school-age performance may be limited. A reevaluation of the

cohort at 4 years of age, using the Wechsler Preschool and

Primary Scales of Intelligence – Revised (WPPSI-R) (Wechsler

1989), is currently underway to address the permanence of

differences in cognitive function among the three diet groups.

Accepted for publication 22nd September 1999.
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