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Abstract

The evidence relating prenatal supplementation with DHA to offspring neurological development is limited. We investigated
the effect of prenatal DHA supplementation on infant brainstem auditory-evoked responses and visual- evoked potentials in
a double-blind, randomized controlled trial in Cuernavaca, Mexico. Pregnant women were supplemented daily with 400 mg
DHA or placebo from gestation wk 18-22 through delivery. DHA and placebo groups did not differ in maternal characteristics
at randomization or infant characteristics at birth. Brainstem auditory-evoked responses were measured at 1 and 3 moin 749
and 664 infants, respectively, and visual-evoked potentials were measured at 3 and 6 mo in 679 and 817 infants,
respectively. Left-right brainstem auditory-evoked potentials were moderately correlated (range, 0.26-0.43; all P < 0.001)
and left-right visual-evoked potentials were strongly correlated (range, 0.79-0.94; all P < 0.001) within any assessment.
Correlations across visits were modest to moderate (range, 0.09-0.38; all P < 0.01). The offspring of DHA-supplemented
women did not differ from those of control women with respect to any outcome measure (all comparisons P> 0.10). We
conclude that DHA supplementation during pregnancy did not influence brainstem auditory-evoked responses at 1 and

3 mo or visual-evoked potentials at 3 and 6 mo. J. Nutr. 142: 1577-1581, 2012.

Introduction

stimulus. Previous studies of the effect of fish oil supplementation
and other sources of DHA on infant cognitive development (9-11)
and evoked potentials and acuity tests have yielded conflicting
findings (12-18), perhaps related to the underlying nutritional
intakes of the mothers, the source of DHA used in the trial (fish oil
vs. isolated DHA), the delivered dose in the supplement (studies
have provided doses ranging from 100 to 800 mg/d DHA), and
the timing of the intervention (prenatal only, both prenatal and
postnatal, postnatal only).

We conducted a large randomized, double-blind, placebo-
controlled study among women with low dietary intakes of DHA
of the effect of supplementation with 400 mg/d algal DHA from mid-
pregnancy to delivery on the evoked potentials of their offspring.

The first few years of life are critical to the development of the
human brain’s structural and functional capacity. DHA is one of
a class of long-chain PUFA proposed to be limiting to the growth
and development of infants and young children (1). Maternal
diets high in fish (a major source of DHA) are associated with
increased offspring cognitive development (2,3), but these asso-
ciations are susceptible to confounding and the role of specific
nutrients is not determinable.

Brainstem auditory-evoked responses and visual-evoked poten-
tials are objective and reproducible measures of brain neurological
functioning in early infancy (4-8). The brainstem auditory-evoked
response reflects electrophysiological activity in the brainstem
auditory pathway following acoustic stimulation. Visual-evoked
potentials are the electrical responses of the brain to a visual
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exclusion criteria and randomization are provided elsewhere (19).
Women were assigned to receive 2 DHA (200 mg derived from an
algal source; Martek Biosciences) or placebo (a mixture of corn and soy
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oil) capsules daily, from gestation wk 18-22 through parturition.
Participants and members of the study team were unaware of the
treatment scheme throughout the intervention period of the study.

Measurement of evoked potentials. Parents were instructed to bathe
the infant with mild, fragrance-free soap and to avoid using shampoos,
gels, or lotions the evening prior to the study visit. On the day of the
assessment, parents were encouraged to keep the child awake until
the procedure was to start. The last feeding was to be at least 3 h prior to
the appointment and the parents of formula-fed infants were asked to
bring a prepared bottle. After check-in at the study center, located in the
Mexican Social Security Institute Hospital no 2 in Cuernavaca, the
mother or guardian was asked to feed the infant and allow the infant to
sleep. Evoked potentials were measured in the hospital in a quiet room
free of distractions. Once asleep, the infant was placed supine on a bed.
Both visual-evoked potentials and brainstem auditory-evoked responses
were recorded using a Sierra Wave instrument (Cadwell Laboratories).
All staff underwent specific training.

Brainstem auditory-evoked responses, measured at 1 and 3 mo of age,
were recorded between the vertex and the mastoid ipsilateral to the
stimulated ear (A1, left, and A2, right). These 3 points were cleaned and
conduction paste was used to affix standard gold cup electrodes in the
appropriate locations. Electrode impedances were kept <5 kOhm. Acous-
tically shielded, TDH-39, 10-ohm speaker headphones (Cadwell Laborato-
ries) were placed over the infant’s ears. In the first trial, the right ear was
stimulated at 11.1 clicks/s for 1000 clicks at 80 dB to observe all the relevant
waves of the auditory pathway. The second through fifth trials were of
increasing intensity (25, 30, 40, and 60 dB) at 31.1 clicks/s for 1000 clicks.
Two trials were conducted at each decibel level. The procedure was repeated
in the left ear. Derived variables included the latency of waves I, III, and V
and the interpeak latency of waves I-III, III-V, and I-V.

Visual-evoked potentials were measured via stimulus-synchronized
electroencephalography at 3 and 6 mo. Visual-evoked potentials were
recorded from the active electrode placed 1-2 cm above the occiput, with
the reference electrode positioned in the center of the forehead. The
ground electrode was fixed to the vertex, found by measuring the infant’s
head from the right to the left tragus and placing the electrode at the
midpoint distance on the scalp. These 3 points were thoroughly cleaned.
Standard gold cup electrodes were affixed in the appropriate locations.
Without dark adaptation or pupil dilation, visual-evoked potentials were
elicited by light-emitting diode-stimulating goggles placed over the
infant’s eyes. Each eye was stimulated independently at 1.1 Hz for a total
of 100 stimuli, delivering an output intensity of 1500 cd/m?. Two trials
were conducted. Normal visual-evoked potentials to diffuse light flashes
are usually described as having 7 peaks that differ widely with respect
to peak polarity, latency, and amplitude. We derived the following
measures: the latency and magnitude of the major positive peak (P2),
occurring between 50 and 100 milliseconds after the flash; the latency of
the subsequent, large negative peak (N3), occurring between 100 and
250 milliseconds after the flash; and the latency of the negative wave
(N1) preceding the major positive wave.

Other variables. We obtained information on the mother, either at her
home or at the hospital, by interview. We abstracted infant weight,
length, and head circumference at birth from the delivery ward records.

Data analysis. All statistical analyses were done using SAS 9.2 (SAS
Institute). We compared data from the left and right sides and between
the first and second administration by computing correlation coeffi-
cients. To reduce the impact of measurement error, we averaged the data
from the left and right side at each time point. To evaluate the
effectiveness of randomization, we compared control and intervention
groups on selected baseline maternal characteristics and birth outcomes.
To identify potential sources of selection bias, we also compared the final
analytic sample with those infants lost to follow-up on these same
characteristics. For these analyses, we used the Student’s # test for
normally distributed, continuous variables and chi-square tests for
categorical variables.

We compared the treatment groups using the Student’s ¢ test. We
assessed whether maternal DHA intakes were associated with infant-
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evoked responses in the placebo group using linear regression. We
included in the analysis all infants who provided data at any time point.
We considered P < 0.05 as significant. We did not adjust for multiple
comparisons.

We examined 4 potential effect modifiers. We previously reported
that parity modified the effect of DHA supplementation on weight and
head circumference at birth, with a positive impact of DHA supplemen-
tation evident among offspring born to nulliparous women (19). We
therefore tested for effect modification by maternal parity, categorized as
nulliparous compared with other. We assessed whether head size might
affect our estimates by categorizing head circumference, measured at
birth, into tertiles. To assess whether the PUFA composition of the
maternal diet during pregnancy modified the effect, we categorized the
ratio of the (n-3):(n-6) fatty acids, as derived from intakes reported by
the mother at randomization using a previously validated FFQ (20), into
tertiles. To assess whether gestational age at birth, as reflective of infant
maturation, might modify any associations, we categorized infants as
being born preterm (<37 completed weeks) or not. We then developed
interaction terms for each of these 4 variables with treatment assignment
and tested the significance using P < 0.05.

Results

Figure 1 shows the trial profile. We obtained at least one measure
of evoked potential from 900 singleton live births without
congenital anomalies, 448 of whom were born to women who
received DHA and 452 were born to women who received
placebo. Overall, loss to follow-up of women who initially
received treatment through 6 mo postpartum was 20.0% and
was similar between the treatment groups (P = 0.8). Compli-
ance, measured as the proportion of capsules consumed of those
that were distributed, was 94% and was similar between the 2
groups (P = 0.6). We obtained all 4 evoked potentials from 572
infants (63.6%). The 572 infants were similar in many respects
to the 328 infants who provided 1-3 evoked potentials, except
that those with all 4 measures were less likely (34 v.s 42%; P <
0.05) to be first-born.

Baseline demographics and birth outcomes. The DHA and
placebo groups were well matched on a wide range of maternal
characteristics at randomization and offspring characteristics
at delivery, and the women in the 2 groups did not significantly
differ with respect to compliance with the study intervention
(Table 1). Mean birth weight and length were 3220 g and 50.4 cm,

[ Randomized (n=1004) |

/\

Placebo (n=547) |[ Allocation | | DHA (n=547) |

{ !

Live births to 485 women Live births to 483 women
Twin live births (n=1 woman) Twin live births (n=4 women)
! }

| 484 singleton live births | [Singleton Birth] | 479 singleton live births |

! !

452 infants with at least one | Evoked potential || 448 infants with at least one
evoked potential measured sample evoked potential measured

Among 963 singleton live births, 900 had at least one evoked potential
measurement. Among the 63 lost to follow-up, 6 died, 4 had congenital
abnormalities, 5 parents did not want to continue, 1 was recommended to
stop by doctor, 4 intended to leave Cuernavaca, 1 parent intended to take the
child outside IMSS, and nothing could be learned about the remaining 42.

FIGURE 1 Flow chart of study recruitment and follow-up.



TABLE 1 Selected characteristics of women who participated in a supplementation trial of 400 mg/d

DHA vs. placebo during the second half of pregnancy and their infants, by treatment allocation’-?
Placebo DHA p?
n n

Maternal characteristics at randomization
Age, y 452 262 = 46 448 264 =438 0.52
Gestational age, wk 452 206 = 2.1 448 205 =20 0.74
High school or more, % 451 60.0 447 56.6 0.32
Primiparous, % 452 378 448 36.6 0.70
Weight, kg 452 633 = 11.0 448 622 =114 0.13
Height, cm 452 1554 + 56 448 1549 £ 57 0.14
BMI, kg/n? 452 262 =42 448 259 =42 0.28
(n-3):(n-6) Dietary fatty acid ratio 452 120 £ 49 448 124 + 57 0.28

Compliance with study intervention
Capsules consumed, n 451 228 = 41 446 228 = 41 0.91
Compliance,* % 451 950 * 55 446 95.1 * 56 0.77
Compliance,® % 451 88.6 + 10.1 446 886 + 10.5 0.97

Child characteristics at delivery
Male, % 452 52.0 448 52.9 0.78
Weight, g 452 3200 = 460 448 3230 + 430 0.52
Length, cm 452 503 =25 448 504 =22 0.77
Head circumference, cm 396 343 =17 386 344 +15 0.26
Weight <2500 g, % 452 5.3 448 38 0.28
Gestational age, wk 450 391+ 17 447 391 +18 0.78
Preterm (<37 wk), % 450 8.2 447 9.4 0.54

" Data are mean * SD or %.

2 Includes women who were randomized to DHA or placebo, were followed through to delivery, and had a singleton child who provided at

least one evoked potential.
3 P value (by t test or chi-square test as appropriate).

4 Percentage of dose distributed calculated as 100 X (capsules consumed/capsules distributed).
5 Percentage of intended dose, calculated as 100 X (capsules consumed/days from randomization to delivery).

respectively; the mean gestational age at birth was 39 wk and 9%
of babies were born <37 wk gestation.

Brainstem auditory-evoked responses were measured at 1 and
3 mo in 749 (83.2%) and 664 (73.8%) infants, respectively. One
rater obtained 630 measurements at 1 mo and 489 measure-
ments at 3 mo and 2 additional raters obtained almost all of the
rest. The within-visit correlation between the brainstem audi-
tory-evoked response obtained on the left and right ears ranged
from 0.26 (latency IIT at 1 mo) to 0.43 (interval I-IIl at 1 mo) and
the between-visit correlation of the mean value from the 2 ears
ranged from 0.09 (interval III-V) to 0.38 (latency III) (Supple-
mental Table 1), with no marked differences across raters.

Visual-evoked potentials were measured at 3 and 6 mo in 679
(75.4%) and 817 (90.8%) infants, respectively. One rater
obtained 504 measurements at 3 mo and 581 measurements at
6 mo and 2 additional raters obtained almost all of the rest. The
within-visit correlation between the visual-evoked potential
obtained on the left and right eyes ranged from 0.79 (amplitude
P1 at 3 mo) to 0.94 (latency P1 at 6 mo) and the between-visit
correlation of the mean value from the 2 eyes ranged from 0.09
(amplitude P1) to 0.11 (latency P1) (Supplemental Table 2) with
no marked differences across raters.

Evoked potentials in relation to maternal diet and treat-
ment allocation. There were no significant differences in any
measure of brainstem auditory-evoked responses or visual-
evoked potentials by treatment assignment of the mother (all P >
0.19) (Tables 2 and 3); no effect of DHA was observed when
data from either the left or right ear or eye was analyzed in
place of the mean value.No association was observed between

maternal DHA intake and any measures of auditory or evoked
potential (Supplemental Table 3). Two of the 80 interaction
terms (10 evoked-potential variables across 2 ages at assessment
and 4 potential sources of heterogeneity) were significant at P <
0.05 and none met a Bonferroni-corrected threshold.

Discussion

In a large, double-blind, randomized, placebo-controlled trial,
we observed no effect of supplementation of pregnant women
with 400 mg/d DHA in the second half of pregnancy on infant-
evoked potentials. Furthermore, we observed no consistent
heterogeneity across 4 prespecified variables that might have
affected the relationship. Our study was conducted on a
population with low dietary intakes of DHA and a high ratio
of linoleic acid:alpha-linolenic acid (20) and provided DHA in
amounts consistent with most recommendations (1). Compli-
ance with the study intervention was high (19) and DHA sup-
plementation was efficacious in raising DHA concentrations in
maternal plasma, cord blood, and breast milk (21).

There was no differential response between the left and right
ear or between the left and right eye. The brainstem audio-
evoked responses were only modestly correlated across ears and
within infants over time. Thus, even though we used the average
of the left and right measures in our analysis to reduce the impact
of measurement error, it is possible that measurement error
attenuated our ability to detect any association. Other studies
have shown that auditory responses differ by ear (22,23), but we
are not aware of studies that have examined differential response
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TABLE 2 Brainstem auditory-evoked responses at 1 and 3 mo
among singleton children whose mothers participated in a
supplementation trial of 400 mg/d DHA vs. placebo during the
second half of pregnancy, by treatment allocation’

TABLE 3 Visual-evoked potentials at 3 and 6 mo among
singleton children whose mothers participated in a
supplementation trial of 400 mg/d DHA vs. placebo during
the second half of pregnancy, by treatment allocation’

Placebo DHA P? Placebo DHA P?

One mo n=377 n=372 Three mo n=2342 n=337

Age at measurement, d 345 +55 342 =51 0.47 Age at measurement, d 940 =54 944 =52 0.25

Latency 1, ms 1.63 = 0.14 162 = 0.16 0.36 Latency N1, ms 939 = 171 94.2 + 16.3 0.86

Latency 3, ms 419 = 0.33 418 = 032 0.65 Latency P1, ms 126.3 = 183 1258 = 175 0.72

Latency 5, ms 6.55 + 0.42 6.52 + 0.48 0.35 Amplitude P, uV 8.14 + 6.04 7.75 + 597 0.40

Interpeak latency 1-3, ms 257 +0.36 256 = 0.27 0.56 Latency N3, ms 157.1 = 241 154.8 + 238 0.22

Interpeak latency 3-5, ms 2.37 = 0.30 237 =034 0.89 Six mo n=410 n =407

Interpeak latency 1-5, ms 493 = 0.36 491 =039 0.60 Age at measurement, d 1855 = 6.5 1853 =59 0.76
Three mo n=334 n=330 Latency N1, ms 91.9 = 151 90.5 + 146 0.19

Age at measurement, d 942 =586 946 =55 0.41 Latency P1, ms 1235 = 143 1227 = 1486 0.39

Latency 1, ms 1.58 + 0.15 158 = 0.15 0.87 Amplitude P1, uV 113 *£69 1M12+72 0.86

Latency 3, ms 402 +0.32 403 +0.33 0.59 Latency N3, ms 1549 + 202 1542 =199 0.63

Latency 5, ms 6.33 + 0.40 6.29 + 042 0.24 | ) )

Data are mean = SD. Sample includes all infants measured at that age.

Interpeak latency 1-3, ms 244 =028 245 =028 0.66 2 Significance of difference in means between treatment groups, by t test.

Interpeak latency 3-5, ms 231 +0.35 228 = 0.33 0.23

Interpeak latency 1-5, ms 475 + 0.39 472 £0.39 0.34

" Data are mean = SD. Sample includes all infants measured at that age.
2 Significance of difference in means between treatment groups, by t test.

to DHA. The within-visit, between-eye correlations for visual-
evoked potentials were very high, indicating high concurrent
reproducibility. The lack of association of the visual-evoked
potential at either age with DHA supplementation is therefore
unlikely to be due to measurement error or noise. The
correlations within infants over time were low. The poor
reproducibility across the 1-, 3-, and 6-mo visits may be because
different auditory and visual properties are measured at each age
in the evolving brain; at no age was there any suggestion of an
effect of DHA.

The potential for DHA to affect infant-evoked potentials
derives from DHA’s role in neuronal development (1). Observa-
tional studies of dietary sources of DHA have generally shown
positive associations between reported fish intake during preg-
nancy, or DHA as estimated from dietary reports, and offspring
cognitive development (2,3). In a Mexican sample (nz = 76) of
similar background to our own, Parra-Cabrera (24) identified
dietary arachidonic acid as a predictor of infant brainstem
auditory-evoked responses at 3 mo. We were unable to replicate
these observations in our own, much larger sample. These studies
are all limited by the potential for confounding by underlying
factors that determine both fish intake and child development.

Supplementation studies have generally shown no effect on
visual acuity, but sample sizes have been relatively small. Malcolm
et al. (12) provided fish oil capsules to women from wk 15 through
parturition and observed no effects on visual acuity. Innis and
Friesen (13) provided 400 mg/d algal DHA or placebo from wk 16
through parturition to 135 women and observed that visual acuity
at 2 mo was higher in the group assigned to DHA. In one small
study (7 = 30), Judge et al. (14) reported that acuity at 4 mo, but not
at 6 mo, was enhanced among the offspring of women randomized
to receive 200 mg/d DHA via fortified cereal bars. More recently,
Smithers et al. (15) reported that visual-evoked potential acuity and
latency at 4 mo were not related to a DHA-rich fish oil supplement
providing 800 mg/d DHA. As in our study, supplementation was
from mid-pregnancy through parturition. Our study, with ~450
infants in each treatment group, the largest study to date, adds
substantially to this growing database.
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Other studies have suggested that postnatal supplementation
with DHA is efficacious. Breast-fed children have greater visual
and auditory acuity than formula-fed children (18,25) and the
addition of DHA to infant formula is associated with improved
acuity (26). Supplementation of breast-feeding women has
shown mixed results (27,28). Our study did not examine this
relationship, because DHA supplementation ended at parturi-
tion.

In conclusion, our study provides no support for the
hypothesis that maternal intakes of DHA during pregnancy
are causally related to infant-evoked potentials.
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