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Objectives To evaluate safety and benefits of feeding preterm infants formulas containing docosahexaenoic acid (DHA)

and arachidonic acid (ARA) until 92 weeks postmenstrual age (PMA), with follow-up to 118 weeks PMA.

Study design This double-blinded study of 361 preterm infants randomized across three formula groups: (1) control, no

supplementation; (2) algal-DHA (DHA from algal oil, ARA from fungal oil); and (3) fish-DHA (DHA from fish oil, ARA from

fungal oil). Term infants breast-fed$4months (n = 105) were a reference group. Outcomes included growth, tolerance, adverse

events, and Bayley development scores.

Results Weight of the algal-DHA group was significantly greater than the control group from 66 to 118 weeks PMA and the

fish-DHA group at 118 weeks PMA but did not differ from term infants at 118 weeks PMA. The algal-DHA group was

significantly longer than the control group at 48, 79, and 92 weeks PMA and the fish-DHA group at 57, 79, and 92 weeks PMA

but did not differ from term infants from 79 to 118 weeks PMA. Supplemented groups had higher Bayley mental and

psychomotor development scores at 118 weeks PMA than did the control group. Supplementation did not increase morbidity

or adverse events.

Conclusions Feeding formulas with DHA and ARA from algal and fungal oils resulted in enhanced growth. Both

supplemented formulas provided better developmental outcomes than unsupplemented formulas. (J Pediatr 2005;146:

461-8)

Exogenous sources of the long-chain omega-3 and omega-6 polyunsaturated fatty acids docosahexaenoic acid (DHA) and
arachidonic acid (ARA), respectively, are important for premature infants. DHA and ARA accumulate rapidly in the
developing brain during the last trimester of gestation,1 and preterm infants are deprived of in utero accretion.

Supplementing preterm formula with DHA and ARA at human milk levels results in circulating levels of these fatty acids similar
to those seen in preterm infants fed breast milk.2 DHA supplementation of preterm
formula has been associated with accelerated visual maturation3-5 and improved mental
development.6-8

Some early studies of feeding preterm formula with fish oil providing DHA and
another omega-3 fatty acid, eicosapentaenoic acid (EPA), but no ARA resulted in reduced
growth,5,9,10 which was associated with reduced ARA status of infants in one study.9,11

EPA and its metabolites compete with and have other antagonistic effects on ARA and
some of its metabolic effects.12 Several subsequent studies of preterm formulas containing
ARA as well as DHA found no consistent differences in growth compared with
unsupplemented formulas,13-16 suggesting that balanced addition of omega-6 and omega-
3 long-chain fatty acids addressed the reduced growth seen in earlier studies. However, one
study17 reported reduced growth at 18 months after term associated with preterm formula
containing DHA, EPA, and ARA from egg lipids. A second study18 found significantly
higher weights in the first few months of life with preterm formula with single-cell algal
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and fungal oils providing DHA and ARA but no EPA. Thus,
questions remain about whether and how long-chain poly-
unsaturated fatty acids and specific sources of these fatty acids
affect growth.12

Given the possible benefits of providing DHA and ARA
to preterm infants and the growth concerns raised by some
early trials, we considered it imperative to carefully evaluate
clinical performance of formulas containing potential com-
mercial sources of these fatty acids. Therefore, we conducted
a large, double-blinded, randomized, controlled trial to assess
the safety and efficacy of feeding preterm infants premature,
discharge, and term infant formulas supplemented with DHA
from algal oil or fish oil and ARA from fungal oil until 92
weeks postmenstrual age (PMA; 12 months after term).

METHODS

Subjects

Infants were eligible for enrollment in the first phase of
this two-phase, multisite study if gestational age was #35
weeks PMA and they had received <10 total days of enteral
feedings of >30 mL/kg per day (Figure 1). Infants initially fed
human milk were not enrolled unless formula was started
within 10 days after completing the first day of human milk
feeding. Exclusion criteria included congenital abnormalities
of the gastrointestinal tract, hepatitis, hepatic or biliary
pathology, necrotizing enterocolitis confirmed before enroll-
ment, or history of underlying disease or congenital malfor-
mation likely to interfere with evaluation. Given the minimal
exclusion criteria, the study included many infants with
concomitant medical conditions related to prematurity.

Figure 1. Study design with number enrolled to left and at
completion to right. First phase was from start of enteral feeds to
40 weeks PMA; second phase was 40 to 118 weeks PMA. Protocol
recommended feeding premature formula $14 days until hospital
discharge, discharge formula until 53 weeks PMA, and term formula
until 92 weeks PMA.
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Preterm subjects eligible for inclusion in the second
phase met the following criteria: successful completion of the
first phase,$80% of enteral intake from study formula during
hospitalization, and 100% of caloric intake from study formula
at completion of the first phase (40 weeks PMA). A protocol
amendment implemented shortly after enrollment began
excluded preterm infants with birth weight >1500 g to limit
inclusion to very and extremely low birth weight infants.
Healthy, appropriate-for-gestational-age term infants (38 to
42 weeks gestational age) who were to be exclusively breast-fed
for$4monthswere enrolled as a reference group between birth
and 4 weeks of age. Institutional review boards at each site
reviewed and approved the protocol and procedures. Parents/
guardians of all infants provided written informed consent.

Design

Infants enrolled in the first phase of this prospective,
randomized, double-blinded, controlled study were stratified
by birth weight (<1000 g, 1000 to 1500 g, and >1500 g initially
and <1000 g and 1000 to 1500 g after the protocol
amendment) and sex. Computer-generated random assign-
ment schedules assigned infants to 1 of 3 study formula
groups: (1) control, formulas with no added DHA or ARA;
(2) algal-DHA, formulas with 17 mg DHA/100 kcal from
algal oil and 34 mg ARA/100 kcal from fungal oil (Martek
Biosciences, Columbia, MD); or (3) fish-DHA, formulas with
17 mg DHA/100 kcal from tuna fish oil (Roche Vitamins Inc,
Parsippany, NJ) and 34 mg ARA/100 kcal from fungal oil.
These levels of DHA and ARA (Table I) are similar to median
worldwide amounts reported for mature human milk of
approximately 0.3% by weight of fatty acids as DHA and 0.6%
as ARA.19,20 Subjects from the first phase who were eligible
for enrollment in the second phase at 40 weeks PMA
remained in their assigned formula group throughout the
study.

Each study group was provided with premature (24 kcal/
oz), discharge (22 kcal/oz), and term (20 kcal/oz) ready-to-use
formulas, with the only differences being the polyunsaturated
fatty acid profiles due to absence of DHA and ARA in control
formulas and the sources of DHA in the supplemented
formulas. The algal-DHA formulas were similar in ingredient
and nutrient composition to Enfamil Premature LIPIL with
Iron, EnfaCare LIPIL, and Enfamil LIPIL with Iron (Mead
Johnson & Company, Evansville, IN). The protocol recom-
mended feeding premature formula $14 days until at or near
hospital discharge, discharge formula to 53 weeks PMA
(3 months after term), and term formula to 92 weeks PMA
(12 months after term). However, investigators were allowed
discretion in selecting the formula type to meet the nutritional
needs of each infant. Study formulas were to be the sole source
of nutrition for preterm subjects until 57 weeks PMA
(4 months after term) and the primary source of nutrition
until 92 weeks PMA. Information was collected on which type
of formula (premature, discharge, or term) each infant was
consuming at 40, 44, 48, 53, and 57 weeks PMA. Study
formula was stopped at 92 weeks PMA. Subjects in the second
The Journal of Pediatrics � April 2005



Table I. Polyunsaturated fatty acid composition of study formulas (% by weight of total fatty acids)

Preterm formula Discharge formula Term formula

Fatty
acid

Study
group Control

Algal-
DHA

Fish-
DHA Control

Algal-
DHA

Fish-
DHA Control

Algal-
DHA

Fish-
DHA

18:2n-6 Linoleic 18.7 18.6 18.6 19.5 19.4 19.4 17.5 17.2 17.1
18:3n-3 a-linolenic 2.4 2.4 2.4 2.4 2.4 2.4 1.68 1.65 1.65
20:4n-6 ARA 0.0 0.67 0.67 0.0 0.64 0.64 0.0 0.64 0.64
20:5n-3 EPA 0.0 0.0 0.10 0.0 0.0 0.10 0.0 0.0 0.10
22:6n-3 DHA 0.0 0.33 0.33 0.0 0.32 0.32 0.0 0.32 0.32
phase were monitored until 118 weeks PMA (18 months after
term).

Growth, Intake, and Tolerance

Weight, length, and head circumference were measured
by standardized procedures. All infants were assessed at birth
and at 40, 44, 48, 53, 57, 66, 79, 92, and 118 weeks PMA. For
preterm infants, growth data were collected weekly before
hospital discharge and enteral intake and formula tolerance
were recorded daily during hospitalization. Parents provided
24-hour diet and tolerance data at 40, 44, 48, 53, and 57 weeks
PMA. Similar data were collected for the breast-fed term
reference subjects at 44, 48, 53, and 57 weeks PMA.

Laboratory Measurements

Blood samples were collected from preterm subjects by
heel prick or venipuncture at 57 weeks PMA, the age when
exclusive formula feeding ended. Analyses included hematol-
ogy; serum glucose, cholesterol, high-density lipoproteins,
triglyceride, mineral, and electrolyte measurements; and liver
and kidney function tests.

General Development

Trained testers at each site who were blinded to infants’
study group assignments administered the Bayley Scales of
Infant Development II21 Mental Development Index (MDI)
and Psychomotor Development Index (PDI) to all infants at
118 weeks PMA (18 months after term).

Morbidity and Adverse Events

Concomitant medical conditions (categorized by
ICD-9-CM codes22) and use of concomitant therapies and
medications were recorded for preterm infants during
hospitalization. Detailed information was collected for specific
conditions related to prematurity, including intraventricular
hemorrhage, necrotizing enterocolitis (using modified Bell
staging criteria), sepsis (confirmed by culture) or suspected
sepsis, bronchopulmonary dysplasia (defined as requiring
oxygen at 36 weeks PMA with severe or chronic changes to
the lungs as seen on chest radiographs), and retinopathy
of prematurity. All subjects were monitored for the occurrence
of adverse events throughout the study. Investigators docu-
mented the occurrence and clinical outcome of each event.
Growth And Development Of Preterm Infants Fed Infant Formulas Containin
Docosahexaenoic Acid And Arachidonic Acid
Sample Size and Statistical Methods

The primary outcomes of this study were weights at 57
and 92 weeks PMA. A sample size of 58 infants per group
would provide 80% power to detect a 500 g difference in
weight among the study formula groups at 57 weeks PMA
(SD = 950 g, a = 0.05, 2-tailed); 31 infants per group were
required to identify an 870 g difference at 92 weeks PMA
(SD = 1200 g, a = 0.05, 2-tailed). Anthropometric measure-
ments at birth and subsequent study visits were analyzed by
using analysis of variance (ANOVA). Study site, feeding
regimen, and sex were included in the ANOVA models used
to evaluate growth parameters. Bayley scores were analyzed by
using an ANOVA model, including terms for study site and
feeding regimen. The Van Elteren test, blocked for study site,
was used to analyze laboratory measurements. Categoric
variables were analyzed by using the Fisher exact test.
Unadjusted pairwise comparisons were performed if initial
tests were significant (P < .05).

RESULTS

Infant Characteristics

Preterm infants (n = 361) were enrolled in the first
phase and randomly assigned to study formula groups (119
control, 112 algal-DHA, 130 fish-DHA). The fish-DHA
group had significantly lower mean weight and head
circumference at birth compared with the control and algal-
DHA groups (Table II). The mean gestational ages at birth
and at first consumption of study formula for the fish-DHA
group also were less than those of the control group. The fish-
DHA group had a somewhat (P = .052) higher incidence of
multiple (>2) births (27% vs 15% for control and 16% for
algal-DHA) and fewer twins (15% vs 22% for control and 27%
for algal-DHA). There were no significant differences among
groups in distribution by sex, birth weight categories, or racial
groups (data not shown). Fifty-six infants (21 control, 17
algal-DHA, 18 fish-DHA) in the first phase discontinued
before 40-week PMA. The most common reasons for dis-
continuation were formula intolerance (n = 15), medical com-
plications unrelated to the study (n = 13), and parental request
(n = 11). There were no differences among groups in discon-
tinuation rates or distribution of reasons for discontinuation.
g
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Table II. Characteristics of study participants

Study group

Control Algal-DHA Fish-DHA
Infant characteristics (n = 119) (n = 112) (n = 130)

Infants enrolled in first phase
Birth weight (g)y 1215 ± 33 1189 ± 34 1107 ± 31z

(range) (455–2340) (490–2363) (430–2280)
No. ,1000g/1000–1500 g/.1500 g birth weight 30/73/16 27/77/8 44/79/7
Birth length (cm)y 37.5 ± 0.4 37.4 ± 0.4 36.6 ± 0.4
(range) (27–47) (28–48) (28–46)
Birth head circumference (cm)y 26.7 ± 0.3 26.6 ± 0.3 25.9 ± 0.2z

(range) (19–41) (21–38) (21–33)
Gestational age at birth (weeks PMA)y 29.6 ± 0.3 29.4 ± 0.3 28.8 ± 0.2§

(range) (23–35) (23–35) (24–34)
Age study formula first consumed (weeks PMA)y 31.2 ± 0.2 30.9 ± 0.2 30.5 ± 0.2§

(range) (24–36) (25–36) (25–34)
No. male/female 67/52 54/58 73/57

Control Algal-DHA Fish-DHA Breast-fed term
(n = 83) (n = 72) (n = 90) (n = 105)

Infants enrolled in second phase
Birth weight (g)y 1179 ± 35 1207 ± 37 1110 ± 33 3483 ± 39
(range) (455–2340) (490–1590) (430–1499) (2724–4485)
No. ,1000g/1000–1500 g/.1500 g birth weight 21/60/2 16/55/1 31/59/0 0/0/105
Birth length (cm)y 37.5 ± 0.5 37.4 ± 0.5 36.7 ± 0.4 50.8 ± 0.2
(range) (27–46) (28–43) (28–44) (46–57)
Birth head circumference (cm)y 26.6 ± 0.3 26.9 ± 0.4 26.0 ± 0.3 34.5 ± 0.1
(range) (19–41) (21–38) (21–30) (32–39)
Gestational age at birth (preterms; weeks PMA)y 29.7 ± 0.3 29.7 ± 0.3 28.9 ± 0.3 —
(range) (24–35) (23–34) (24–33)
Age study formula first consumed (weeks PMA)y 31.4 ± 0.3 31.2 ± 0.3 30.7 ± 0.2 —
(range) (27–36) (26–36) (25–34)
No. male/female 45/38 34/38 49/41 48/57

yMean ± SEM (range).
zP < .05, Fish-DHA vs control, algal-DHA.
§P < .05, Fish-DHA vs control.
Sixty preterm infants (15 control, 23 algal-DHA, 22 fish-
DHA) completing the first phase were not enrolled in the
second phase for the following reasons: <80% of enteral
feedings during hospitalization or <100% at 40 weeks PMA
from study formula (n = 27); birth weight >1500 g (n = 19);
formula intolerance (n = 6); parent (n = 4) or physician
(n = 3) elected withdrawal; and >7 consecutive days off study
formula (n = 1).

Two hundred forty-five preterm infants (83 control, 72
algal-DHA, 90 fish-DHA) and 105 breast-fed term infants
were enrolled in the second phase. Three preterm infants with
birth weight >1500 g who started the second phase before the
protocol amendment remained in the study. Among the
preterm groups, there were no significant differences in
weight, length, head circumference, or gestational age at birth;
gestational age when study formula was first consumed; sex or
birth weight category (Table II); or racial distribution (data
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not shown). Compared with the algal-DHA group, the fish-
DHA group had a higher incidence of multiple (>2) births
(30% for fish-DHA vs 17% for algal-DHA) and a lower
incidence of twins (11% for fish-DHA and 29% for algal-
DHA; P < .01), with the control group intermediate (18%
multiples and 20% twins). The distribution of infants across
types of formula (premature, discharge, or term) did not differ
among preterm groups at any time (data not shown). A total of
179 preterm (62 control, 52 algal-DHA, 65 fish-DHA) and
76 term infants completed the second phase. Discontinuation
rates did not differ among study groups. Among the preterm
groups, there were no differences in reasons for discontinuing
the study during the second phase.

Growth

Mean weight, length, and head circumference growth
rates in the first phase did not differ among preterm groups
The Journal of Pediatrics � April 2005



(data not shown). Mean weight, length, and head circumfer-
ence also did not differ among the three preterm groups at the
completion of the first phase (40 weeks PMA; data not shown)
or at the start of the second phase (Figure 2; data not shown
for head circumference). Mean weights at the beginning of the
second phase were (mean ± SEM) 2964 ± 56 g for the control
group, 2954 ± 58 g for the algal-DHA group, and 3063 ± 51 g
for fish-DHA group; mean lengths were 47.7 ± 0.31 cm for
the control group, 47.6 ± 0.33 cm for the algal-DHA group,
and 47.5 ± 0.28 cm for the fish-DHA group. Breast-fed term
infants had greater mean weights (Figure 2, upper panel) than
all preterm groups at all ages evaluated except the algal-DHA
group at 118 weeks PMA. The algal-DHA group had greater
mean weights than the control group at 66, 79, 92, and 118
weeks PMA and the fish-DHA group at 118 weeks PMA.
Mean body length was greater for breast-fed term infants
(Figure 2, lower panel) than all preterm groups at 40, 44, 48,
53, 57, and 66 weeks PMA and greater than the control and
fish-DHA groups but not the algal-DHA group, at 79, 92,
and 118 weeks PMA. The algal-DHA group had greater
mean lengths than the control group at 48, 79, and 92 weeks
PMA and the fish-DHA group at 57, 79, and 92 weeks PMA.
There were no differences in mean head circumference (data
not shown) among the preterm and breast-fed term groups
through 66 weeks PMA. Small differences (P < .05) were
noted at 79 weeks PMA, with the algal-DHA group greater
than the fish-DHA group and breast-fed term infants greater
than the control and fish-DHA groups, and at 92 weeks
PMA, with breast-fed term infants greater than the control
and fish-DHA groups. Mean head circumference of the
breast-fed term infants (mean ± SEM; 48.2 ± 0.29 cm) was
greater than that of the control group (47.5 ± 0.30 cm;
P = .052) and fish-DHA group (47.2 ± 0.32 cm; P = .004) at
118 weeks PMA, whereas the algal-DHA group (47.7 ± 0.36
cm) did not differ from any other group.

Intake and Tolerance

There were no differences in caloric intake from
formula, daily gastric residuals, stool frequency, stool consis-
tency, or abdominal distention among the preterm groups
during hospitalization (data not shown). Based on parental
reports, the algal-DHA group consumed more formula than
did the fish-DHA group at 40 weeks PMA (mean ± SEM;
199.8 ± 8.5 vs 175.4 ± 7.5 mL/kg per day; P < .01) and the
control and fish-DHA groups at 48 weeks PMA (215.9 ± 7.7
vs 188.3 ± 7.4 and 189.8 ± 6.9 mL/kg per day, respectively; P <
.01), but there were no differences among preterm groups in
reported mean formula intakes at 44, 53, or 57 weeks PMA.
There were no differences among preterm groups with respect
to parental reports of fussiness, diarrhea, or constipation at any
time during the study (data not shown). Parents reported
a greater incidence (P < .05) of ‘‘more gas than usual’’ for the
algal-DHA group than the control group at 40 and 44 weeks
PMA and for the fish-DHA group than the control group at
48 weeks PMA, but there were no differences at 53 or 57
weeks PMA.
Growth And Development Of Preterm Infants Fed Infant Formulas Containin
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General Development

Mean Bayley MDI and PDI scores of the breast-fed
term infants at 118 weeks PMA (18 months after term) were
near the reference norm of 100 and significantly higher than
those for any preterm group (Figure 3). The algal-DHA and
fish-DHA groups had higher MDI and PDI scores than did
the control group. Similar differences were seen in a sub-
analysis of the Bayley scores in which infants with organic

Figure 2. Mean weight (upper panel) and length (lower panel) in
the second phase, from 40 to 118 weeks PMA. ¤, Breast-fed term
group; s, control group; h, algal-DHA group; D, fish-DHA group.
Upper panel (weight): *Breast-fed term > control, algal-DHA,
fish-DHA; ybreast-fed term > control, algal-DHA, fish-DHA,
and algal-DHA > control; zbreast-fed term, algal-DHA > control,
fish-DHA. Lower panel (length): *Breast-fed term > control,
algal-DHA, fish-DHA; ybreast-fed term > control, algal-DHA,
fish-DHA, and algal-DHA > control; zbreast-fed term > control,
algal-DHA, fish-DHA, and algal-DHA > fish-DHA; §breast-fed
term, algal-DHA > control, fish-DHA; kbreast-fed term > control,
fish-DHA (all at P < .05).
g
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brain disease (eg, hydrocephalus, periventricular leukomalacia)
were excluded (data not shown).

Safety Indexes

The only significant differences across 180 ICD-9-CM
diagnostic categories22 diagnosed during initial hospitaliza-
tion of preterm infants were ‘‘other conditions of the brain’’
(control, 9% vs fish-DHA 0%, P < .001) and ‘‘nonspecific low
blood pressure readings’’ (algal-DHA, 4% vs fish-DHA, 0%;
P = .019). Occurrences of specific medical conditions related
to prematurity (Table III) were similar among groups during
the first phase, with one exception. Incidence of intraventric-
ular hemorrhage was similar at study enrollment (data not
shown), but the algal-DHA group had a significantly lower
occurrence at the end of the first phase. Among preterm
groups, there were no differences in adverse events in the first
phase and no differences in adverse events for any body system
except the nervous system (control, 16% vs fish-DHA, 6%;
P = .04) during the study. Two infants in the control group
and 3 in the fish-DHA group died during initial hospitali-
zation. Two infants in the control group died during the
second phase of the study. Study site clinical investigators
determined that the deaths were not related to study formula.
There were significant differences among 3 of the 31
laboratory measurements: higher mean corpuscular hemoglo-
bin for the fish-DHA group than for the control group (27.6
vs 27.0 pg/cell; P = .03); higher total cholesterol for the fish-
DHA group than for the control and algal-DHA groups
(3.85, 3.43, 3.48 mmol/L, respectively; P < .05); and lower
serum potassium for the fish-DHA group than the control
group (5.0 vs 5.3 mmol/L; P = .003).

Figure 3. Mental Development Index (MDI) and Psychomotor
Development Index (PDI) of the Bayley Scales of Infant De-
velopment II at 118 weeks PMA [mean ± SEM (n)]. *Breast-fed
term > control, algal-DHA, fish-DHA (P < .05); yalgal-DHA >
control (P = .056); zfish-DHA > control (P < .05); §algal-DHA,
fish-DHA > control (P < .05).
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DISCUSSION
This clinical trial demonstrated that feeding infant

formulas with median worldwide human milk levels of DHA
and ARA19,20 from single-cell algal and fungal oils can
enhance growth of premature infants. A previous study18

found that very low birth weight (range, 846 to 1560 g; mean,
~1250 g) infants fed preterm formula with similar levels of
DHA and ARA from the same sources gained weight faster
during initial hospitalization than infants fed unsupplemented
formula (34.7 vs 30.7 g/d). In addition, preterm infants fed the
formula with DHA and ARA in the previous study had
weights not different from breast-fed term infants at 48 and 57
weeks PMA, whereas those fed either unsupplemented
formula or formula with DHA but no ARA remained
significantly smaller than the term reference group at these
ages. Our study did not find an effect of DHA and ARA on
weight gain during initial hospitalization, which may be
related to the inclusion of more extremely low birth weight
infants with greater concomitant medical complications. It did
demonstrate, however, longer-term growth enhancement
associated with the tested levels of DHA and ARA from the
algal and fungal oil sources. The very and extremely low birth
weight infants fed formulas with DHA and ARA from algal
and fungal oils from the start of enteral feeding to 12 months
after term achieved body weights and lengths comparable to
breast-fed term infants by 18 months after term, whereas
infants fed unsupplemented formulas or formulas with DHA
from fish oil did not. These results are of considerable
importance because very and extremely low birth weight
preterm infants remain at risk for subnormal weight and
height through childhood and perhaps into adulthood.23-25

The mechanism for the increase in growth with DHA
and ARA from algal and fungal oils is not known. Innis et al18

reported significant positive correlations between red blood
cell ARA levels and weight and length of preterm infants at
40, 48, and 57 weeks PMA and speculated on potential
mechanisms. Lapillonne et al12 also discussed mechanisms
whereby DHA, EPA, and/or ARA may influence growth,
including effects on eicosanoid production, gene expression,
and membrane characteristics. In the current study, increased
weight and length were seen with DHA from algal oil but not
from fish oil, which provides some EPA in addition to DHA.
Whether EPA played a role in the lower growth seen with the
fish-DHA formulas compared with the algal-DHA formulas,
however, is not clear. In the first phase of the study, the fish-
DHA group had a lower mean birth weight than the control or
algal-DHA groups, possibly related to more multiple (>2)
births, but the mean birth weights of preterm infants
continuing into the second phase did not differ among groups.
Parents reported that infants in the algal-DHA group
consumed more formula than those in the fish-DHA group
at 40 weeks PMA and those in the control and fish-DHA
groups at 48 weeks PMA, but intakes did not differ
significantly among preterm groups at other ages.

Other studies of preterm infants fed formulas with
DHA and ARA have not found enhanced growth, which may
The Journal of Pediatrics � April 2005



Table III. Occurrence of specific medical conditions in first phase (initial hospitalization)

Study group

Control Algal-DHA Fish-DHA

Medical condition n (%) n (%) n (%)

Intraventricular hemorrhage 32 (29) 14* (13) 33 (27)
Necrotizing enterocolitisy 3 (3) 6 (5) 7 (5)
Confirmed sepsis 16 (13) 19 (17) 19 (15)
Bronchopulmonary dysplasiaz 17 (15) 16 (15) 21 (17)
Retinopathy of prematurity 31 (42) 35 (47) 53 (58)

*P < .01, Algal-DHA vs control, fish-DHA.
yStage II or III.
zDefined as the requirement for oxygen at 36 weeks PMA with severe or chronic changes to the lung demonstrated on chest radiography.
be related to the levels and/or sources of the fatty acids or other
aspects of study population characteristics or study design.
Foreman-van Drongelen et al13 and Vanderhoof et al14,15 fed
formulas with algal and fungal-oil sources of DHA and ARA,
at similar levels (0.3% to 0.35% by weight of total fatty acids as
DHA and 0.5% to 0.61% as ARA), to 3 and 2 months after
term, respectively. Both studies, however, included preterm
infants with higher average birth weights of ~1500 g.
O’Connor et al16 included smaller (mean birth weight,
~1300 g; range, 750 to 1805 g) and less healthy infants and
fed test formulas to 12 months after term. The formulas
studied, however, used lower levels of DHA (0.15% to 0.27%)
and ARA (0.41% to 0.43%); DHA sources were fish oil and
egg-derived triglycerides, with ARA from fungal oil. Fewtrell
et al17 studied preterm formula with egg lipid providing 0.17%
DHA, 0.04% EPA, and 0.31% ARA. Study formulas were fed
to preterm infants with mean birth weights of ~1340 g for only
31 to 33 days on average. Although the first three studies
above13-16 did not find consistent effects of DHA andARA on
preterm infant growth, Fewtrell et al17 reported significant
reductions in weight and length at 18 months after term
associated with supplementation. Whether this negative effect
on growth was related to the source of DHA and ARA or to
some other aspect of the study formula, population, or design
is unknown. However, the studies with the algal and fungal
oils noted above,13-16,18 as well as the current study, show no
consistent negative effects on preterm infant growth and
suggest the potential for growth enhancement of smaller
premature infants.

In addition to the growth decrements associated with
prematurity, very and extremely low birth weight infants have
an increased risk of neurologic deficits and overall greater
morbidity.23-25 Thus, it was not unexpected that the breast-
fed term group would have significantly higher Bayley scores
than all groups of preterm infants. The more important
finding is that the addition of these levels of DHA and ARA
to the diets of preterm infants improved their mental and
psychomotor development at 18 months after term, compared
with preterm infants fed unsupplemented formula. Other
investigators have not found significant differences in MDI or
PDI scores at 1216 or 1817 months after term with
Growth And Development Of Preterm Infants Fed Infant Formulas Containin
Docosahexaenoic Acid And Arachidonic Acid
supplemented formulas, although results suggested that
smaller16 or more preterm17 infants might benefit from
supplementation. Studies of term infants also show that the
relation between DHA and ARA supplementation and
developmental benefits may depend on levels, sources, or
other differences in experimental design.26-28

Despite hypothetical concerns about adding DHA and
ARA to formulas for preterm infants23,29 such as potential
interference with host defense mechanisms or impact on
hemostasis, we found no increase in morbidity associated with
supplementation. Our analysis of a wide spectrum of clinical
data, including serum chemistry and hematology values and
incidence and severity of medical conditions related to
prematurity, found no safety issues related to the supple-
mented formulas. The finding of a significantly lower
incidence of intraventricular hemorrhage in the algal-DHA
group was unexpected. It is of interest that this group also had
a higher incidence of nonspecific low blood pressure readings.
Other investigators13-18 also did not report increases in
incidence of adverse events among preterm infants fed
formulas with DHA and ARA.

Our study is unique in comparing algal oil and fish oil
sources of DHA, each in combination with ARA from fungal
oil for the long-term feeding of preterm infants, including
those with extremely low birth weights and concurrent
medical conditions associated with prematurity. Both combi-
nations of long-chain polyunsaturated fatty acid sources
supported significant developmental benefits for these at-risk
infants. We also confirmed the growth-promoting effect of
algal DHA plus fungal ARA, as first reported in the study by
Innis et al.18 Overall, these results demonstrate that feeding
formulas supplemented with DHA and ARA from algal and
fungal oils at these levels to 12 months after term results in
meaningful growth and development benefits for formula-fed
preterm infants, even beyond the first year of life.

We gratefully acknowledge all of the clinical investigators and
their research staff (see Appendix, available online at www.us.
elsevierhealth.com.peds), as well as the participating infants and
their caregivers for their contributions to the study. We thank
Julia Boettcher and Alissa Willis for assistance in preparing the
manuscript.
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