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Abstract

Background: Docosahexaenoic acid (DHA) is a long-chain polyunsaturated fatty acid important for neonatal
neurodevelopment and immune homeostasis. Preterm infants fed donor milk from a Midwestern source receive
only 20% of the intrauterine accretion of DHA. We tested the hypothesis that DHA supplementation of donor
mothers would provide preterm infants with DHA intake equivalent to fetal accretion.
Subjects and Methods: After Institutional Review Board approval and informed consent, human milk donors to
the Mother’s Milk Bank of Ohio were randomized to receive 1 g of DHA (Martek� [now DSM Nutritional Lipids,
Columbia, MD]) or placebo soy oil. Dietary intake data were collected and analyzed by a registered dietitian.
Fatty acids were measured by gas chromatography/flame ionization detection. Statistical analysis used linear
mixed models.
Results: Twenty-one mothers were randomly assigned to either the DHA group (n = 10) or the placebo group
(n = 11). Donor age was a median of 31 years in both groups with a mean lactational stage of 19 weeks. Dietary
intake of DHA at baseline in both groups was a median of 23 mg/day (range, 0–194 mg), significantly
( p < 0.0001) less than the minimum recommended intake of 200 mg/day. The DHA content of milk increased in
the DHA-supplemented group ( p < 0.05).
Conclusions: The women enrolled in this study had low dietary DHA intake. Supplementation with preformed
DHA at 1 g/day resulted in increased DHA concentrations in the donor milk with no adverse outcomes. Infants
fed donor milk from supplemented women receive dietary DHA levels that closely mimic normal intrauterine
accretion during the third trimester.

Introduction

Preterm infants miss the last trimester of nutrient ac-
cretion and may be deficient in essential molecules.1,2

These deficiencies may contribute to increased rates of infec-
tion and make these infants more vulnerable to disease3 and
poor developmental outcomes.4 Long-chain x-3 fatty acids, in
particular docosahexaenoic acid (DHA), are preferentially
transported across the placenta5 and provide important
components of membrane phospholipids that have been as-
sociated with improved markers of brain and retinal devel-
opment.6,7 It is currently estimated that DHA is accumulated
at 67–75 mg/day in utero during the last trimester5,6; there-
fore premature infants do not benefit from this increase in

DHA delivery. The preterm infant depends on the concen-
tration of DHA in the milk provided in the neonatal intensive
care unit because the only Food and Drug Administration–
approved intravenous fat emulsion provided to babies in the
United States does not contain DHA. In adults, DHA can be
synthesized from its precursor, the essential fatty acid
~alinolenic acid, through a series of desaturase and elongase
enzyme activities that may be limited in the preterm infant.8,9

Preterm infants may utilize the majority of fat sources for fuel
sources.9,10

Depending on the population examined, milk concentra-
tions have ranged from 0.1% to 2%.11 Our data indicate that
women donating to human milk banks fall in the lower por-
tion of this range,12 and the human donor milk fed to preterm
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infants is deficient in DHA content. Currently, the American
Academy of Pediatrics recommends that the preterm infant
feeding plans mimic intrauterine nutrient intake as the
most logical approach for appropriate nutritional levels.13

Consequently, a better understanding of the influence of the
maternal diet and the need for DHA supplementation,
specifically among women donating milk, is warranted to
maximize nutrition for the high-risk neonate. Our hypothesis
was that an intake of 1 g/day would be required in the
maternal diet to produce a milk composition to mimic intra-
uterine intake.

Subjects and Methods

After Institutional Review Board approval and informed
consent we enrolled mothers donating milk to the Mothers’
Milk Bank of Ohio, Grant Hospital, Columbus, OH, in a pilot
feasibility trial of DHA compared with placebo supplemen-
tation. All women donating to the milk bank were included.
The only exclusion was a bereaved mother who lacked milk
volume. The mothers selected into the study were the first 21
women donating milk in that time period. The power analysis
was done using previous work of Makrides et al.14 on sup-
plementation and milk concentration, and the predefined
outcome was to increase maternal milk concentrations of
DHA to 0.8% mol weight.

The randomization schedule was developed by the statis-
tician in the study, and assignment was made by the phar-
macist. DHA (single-cell algal oil) and placebo (soy oil)
capsules were packaged by Martek� (now DSM Nutritional
Lipids, Columbia, MD) and stored in the investigational
pharmacy at Nationwide Children’s Hospital. The supple-
ment was then mailed to the donor mother. The dietitian in-
structed the mothers on supplementation. The mothers took
either five 200-mg capsules of algal DHA/day or five 200-mg
capsules of soy oil (placebo). The mothers were given the
supplement for as long as they donated to the milk bank,
which was 7–90 days. Mothers were instructed on clean
pumping, collection, and delivery to the milk bank, and milk
was pooled according to guidelines by The Human Milk
Banking Association of North America. Milk was stored at
- 80�C, and then fatty acid concentrations were measured at
baseline and Days 7, 14, 21, 28, and 84 by gas chromatography-
flame ionization detection.15,16 Baseline dietary data were
obtained using 3-day diet records prior to dietary supple-
mentation and also at Weeks 1, 4, and 12, mailed to each
participant and followed by instructions given over the phone
by the clinical dietitian. The dietary intake data were collected
and analyzed by a trained individual at The Ohio State Uni-
versity using Nutrition Data System for Research software
developed by the Nutrition Coordinating Center, University
of Minnesota, Minneapolis, MN. Statistical analyses of nutri-
ents were done using linear mixed models.17

Results

Twenty-one women at The Mothers’ Milk Bank of Ohio
were enrolled and randomly assigned to the DHA or placebo
group (Fig. 1). No mother in the DHA group withdrew be-
cause of intolerance to the supplement. After allocation to the
DHA supplement three mothers quit pumping prior to
baseline collection (Day 0). Five mothers did not take the
placebo intervention before milk analysis because of dis-

continued pumping (n = 2), infant at home ill (n = 1), low milk
supply (n = 1), or the mother became ill (n = 1). By Day 14, four
additional mothers had quit pumping in the DHA group and
one in the placebo group.

Baseline milk samples were obtained therefore in six
women in the DHA group and seven in the placebo group
(Fig. 1). No differences were found in maternal age or lacta-
tional stage between the groups (Table 1). Dietary intake of
calories, protein, total fat, and DHA were similar across
groups (Table 2). The dietary DHA (23 mg/day) was signifi-
cantly lower than current recommendations for pregnancy
and lactation (200 mg/day) in both groups prior to random-
ization ( p < 0.0001). The concentrations of the essential fatty
acids and other long-chain fatty acids other than DHA were
not different between groups. The absolute milk concentra-
tion of DHA was more than four times higher in the supple-
mented group by Day 14 (Table 3) and was significantly
higher than baseline samples ( p < 0.05). The mole weight
percent of the DHA concentration also improved significantly
from baseline ( p < 0.01; Fig. 2). Figure 3 represents estimated
intake of the fetus by intrauterine accretion in the first column,
projected intake of the preterm infant by unsupplemented
donor breastmilk if fed at 150 mL/kg/day in the second col-
umn, and maternal-supplemented DHA milk concentrations
if fed to a preterm infant at 150 mL/kg/day in the third col-
umn. Based on the estimated volume of preterm infant milk
intake of 150 mL/kg/day, the concentration of DHA in the
supplemented donor milk met intrauterine accretion levels5

(Fig. 3).

Discussion

Previous studies have established the influence of long-
chain polyunsaturated fatty acid supplementation on the
concentrations of breastmilk fatty acids.14,18 A full-term
breastfed infant accretes approximately 1,900 mg of DHA in
the first 6 months of life, whereas infants fed formulas with
little or no DHA become DHA-depleted.19 In the Midwest,
despite ingesting adequate amounts of calories and protein in
reasonably healthy diets, the women in our population con-
sumed very little DHA. In addition, it was apparent that de-
spite the continued use of prenatal vitamins by the study
participants, only a few actually received preformed DHA.
Many of the vitamin supplements had sufficient quantities of
a-linolenic (18:3n3), which did not translate to higher concen-
trations of DHA in the milk. Supplementation, for example,
with flaxseed oil, high in a-linolenic acid, has been previously
shown to not be effective in increasing DHA levels in breast-
milk.20 Tracer studies have indicated that preformed DHA is a
significantly more efficacious source for neural development
than is a-linolenic acid.21 In other studies as well as the present
study, increasing the intake of preformed DHA to 1 g/day
yielded substantial increases in breastmilk contents. Further-
more, the neurological benefits of DHA supplementation have
been described to be most significant for our most immature
preterm infants weighing < 1,250 g.22,23 In addition, preterm
infants who have higher DHA plasma concentrations have
been found to have less likelihood for chronic lung disease.24

In order to achieve intrauterine goals for dietary DHA and an
opportunity to promote developmental indices and decrease
chronic lung disease, an improved human milk concentration
of DHA is imperative for feeding preterm infants.
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Our findings support the previous reports that the level of
human milk DHA can be raised by maternal supplementa-
tion.23 Furthermore, preterm infants fed human milk obtained
from these supplemented women at 150 mL/kg/day would
receive quantities sufficient to mimic fetal accretion. This
emphasizes the importance of diet education for all mothers

providing human milk to preterm infants and stresses the
importance of further study to determine whether the cur-
rently recommended dose of 200 mg/day for pregnant and
lactating women is actually sufficient. The primary limitation
to our study was the nature of the donor milk banking and the
small number of women in our final analysis because of ces-
sation of breastfeeding their own infants. In addition, evalu-
ations of digestion, absorption, and blood concentrations of
DHA in the preterm infant ingesting this milk were not done
and will be needed in future studies. A larger trial is necessary
to examine diet education, milk concentrations, and the
functional outcomes associated with various concentrations
of dietary DHA in mothers donating milk.

Conclusions

The women from the Mothers’ Milk Bank of Ohio studied
in this report had low dietary intakes of DHA.

Assessed for eligibility
(n=24 )

Excluded  (n=3)

Not meeting inclusion 
criteria:
(n= 2) stopped pumping 
before allocation. 

Refused to participate:
(n= 1) no reason given

Milk Samples Analyzed (n=6
baseline, 3 day 14)
Food Records Analyzed (n=4 
baseline, 3 day 14)

Allocated to DHA (n=10)

Discontinued intervention (n=4)

Give reasons: Stopped pumping (1), 
forgot to take supplements (1), child 
was vomiting – unrelated to 
supplement (1), mother had 
abdominal discomfort and diarrhea –
likely unrelated to the supplement (1)

Allocated to control (n=11)

Milk Samples Analyzed (n=7
baseline, 5 day 14 )
Food Records Analyzed (n=5 
baseline, 4 day 14)

Allocation

Analysis

Follow-Up

Enrollment

Randomization
(n=21)

Discontinued intervention (n=4)
Give reasons: stopped pumping (2), 
did not want to continue taking 
supplements (2)

FIG. 1. The study design, enrollment, and enrollment using the CONSORT framework. DHA, docosahexaenoic acid.

Table 1. Age and Lactational Stage of Mothers

Contributing Milk in the Randomized Trial

Placebo
(n = 7)

DHA
(n = 6) p value

Maternal age (years) 30 (3.5) 32 (4.2) 0.527
Lactational stage (weeks) 19 (11) 22 (17) 0.687

Data are mean (SD) values.
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Table 2. Medians and 95% Confidence Intervals of Maternal Dietary Components

Placebo supplement DHA supplement

Baseline (n = 4) Day 14 (n = 3) Ratioa Baseline (n = 5) Day 14 (n = 4) Ratioa p valueb

DHA (g)c

Median 0.03 0.03 0.99 0.07 0.10 1.34 0.91
95% CI (0.00, 0.08) (0.00, 0.09) — (0.03, 0.13) (0.04, 0.18) —

Linolenic acid (g)
Median 2.67 2.38 0.89 1.83 1.90 1.04 0.75
95% CI (1.42, 5.03) (1.17, 4.86) (0.40, 2.01) (1.05, 3.20) (1.03, 3.52) (0.49, 2.19)

Arachidonic acid (g)
Median 0.08 0.06 0.81 0.09 0.12 1.23 0.77
95% CI (0.02, 0.36) (0.01, 0.39) (0.06, 10.11) (0.02, 0.39) (0.02, 0.59) (0.13, 11.31)

EPA (g)d

Median 0.01 0.01 0.90 0.02 0.05 2.82 0.28
95% CI (0.00, 0.05) (0.00, 0.05) — (0.00, 0.06) (0.01, 0.17) —

Linoleic acid (g)
Median 18.14 17.81 0.98 15.90 17.93 1.13 0.94
95% CI (11.94, 27.56) (10.71, 29.61) (0.04, 24.95) (10.81, 23.39) (11.49, 27.69) (0.10, 13.09)

Protein (g)
Median 98.87 100.53 1.02 94.72 93.91 0.99 0.96
95% CI (61.97, 157.73) (58.63, 172.40) (0.46, 2.25) (62.37, 143.83) (58.86, 149.80) (0.50, 1.96)

Fat (g)
Median 100.48 90.65 0.90 91.69 92.84 1.01 0.82
95% CI (65.79, 153.48) (55.58, 147.84) (0.39, 2.10) (62.77, 133.93) (60.78, 141.81) (0.50, 2.05)

Carbohydrate (g)
Median 325.15 321.76 0.99 311.97 305.79 0.98 0.99
95% CI (230.26, 459.21) (216.00, 479.29) (0.39, 2.54) (229.11, 424.79) (216.55, 431.82) (0.46, 2.10)

Energy (kcal)
Median 2,549.37 2,427.46 0.95 2,486.42 2403.54 0.97 0.96
95% CI (1,875.07, 3,466.50) (1,702.58, 3,461.30) (0.58, 1.57) (1,888.99, 3,272.80) (1,767.82, 3,268.22) (0.63, 1.49)

Medians and confidence intervals (CIs) were estimated using a linear mixed model applied to the natural log of the measures.
aDay 14 median/baseline median.
b(Ratio for DHA supplement)/(ratio for placebo supplement). All p values are unadjusted.
c0.1 was added to each value prior to ln transformation. CIs for ratios could not be computed because of the required addition.
d0.01 was added to each value prior to ln transformation. CIs for ratios could not be computed because of the required addition.
EPA, eicosapentaenoic acid.

Table 3. Estimated Medians and 95% Confidence Intervals of Fatty Acid Levels in Donor Milk

Placebo supplement DHA supplement

Baseline (n = 7) Day 14 (n = 3) Ratioa Baseline (n = 6) Day 14 (n = 5) Ratioa p valueb

DHA (mg) (absolute)a

Median 16.3 10.86 0.67 13.97 48.95 3.50 0.07
95% CI (9.56, 27.81) (4.94, 23.85) (0.13, 3.45) (7.68, 25.44) (24.81, 96.54) (1.01, 12.19)

DHA (mol wt %)
Median 0.18 0.16 0.88 0.18 0.65 3.58 0.0045
95% CI (0.11, 0.30) (0.09, 0.28) (0.55, 1.39) (0.11, 0.30) (0.38, 1.10) (2.03, 6.32)

Linolenic acid (mg)
Median 109.76 85.09 0.78 99.79 107.24 1.07 0.89
95% CI (60.76, 198.26) (45.77, 158.17) (0.54, 1.12) (54.80, 181.74) (58.06, 198.11) (0.66, 1.75)

Arachidonic acid (mg)
Median 37.01 28.85 0.78 35.77 34.55 0.97 1.00
95% CI (23.40, 58.56) (16.17, 51.46) (0.39, 1.57) (21.93, 58.34) (20.23, 58.98) (0.46, 2.03)

EPA (mg)
Median 4.89 4.17 0.85 4.30 6.10 1.42 1.00
95% CI (2.21, 10.78) (1.55, 11.26) (0.22, 3.33) (1.85, 9.99) (2.42, 15.37) (0.35, 5.69)

Linoleic acid (mg)
Median 1,365.67 1,231.76 0.90 1,134.90 1,157.25 1.02 1.00
95% CI (838.74, 2,223.42) (734.14, 2,066.68) (0.64, 1.27) (691.18, 1,863.48) (694.44, 1,928.70) (0.65, 1.60)

Medians and their confidence intervals were estimated using a linear mixed model applied to natural log of the measures.
aDay 14 median/baseline median.
b(Ratio for DHA supplement)/(ratio for placebo supplement). The p values for DHA were unadjusted; other p values were adjusted using

Holm’s method.25
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Supplementation with a single-cell algal DHA product at
1 g/day improved dietary DHA and maternal milk concen-
trations to mimic intrauterine goals for the preterm infant.
Other donor milk banks should evaluate maternal diets to
determine if this is a regional experience or if supplementation
of DHA at 1 g/day should be required for all mothers pro-
viding human milk.
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