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Abstract

OBJECTIVE—Type 1 diabetes (T1D) results from the inflammatory destruction of pancreatic β-

cells. In the present study, we investigated the effect of docosahexaenoic acid (DHA) 

supplementation on stimulated inflammatory cytokine production in white blood cells (WBC) 

from infants with a high genetic risk for T1D.

RESEARCH DESIGN AND METHODS—This was a multicenter, two-arm, randomized, 

double blind pilot trial of DHA supplementation, beginning either in the last trimester of 

pregnancy (41 infants) or in the first five months after birth (57 infants). Levels of DHA in infant 

and maternal red blood cell (RBC) membranes and in breast milk were analyzed by gas 

chromatography/mass spectrometry. Inflammatory cytokines were assayed from whole blood 

culture supernatants using the Luminex Multiplex assay after stimulation with high dose 

lipopolysaccharide (LPS), 1μg/mL.

RESULTS—The levels of RBC DHA were increased by 61–100% in treated compared to control 

infants at ages 6 to 36 months. There were no statistically significant reductions in production of 

the inflammatory cytokines, IL-1β, TNFα or IL-12p40 at any of the 6 time points measured. The 

inflammatory marker, hsCRP, was significantly lower in breast-fed DHA-treated infants compared 

to all formula-fed infants at age 12 months. Three infants (two received DHA) were removed from 

the study as a result of developing ≥ two persistently positive biochemical islet autoantibodies.

Corresponding Author: H. Peter Chase, MD, Professor of Pediatrics, University of Colorado Barbara Davis Center for Childhood 
Diabetes 1775 Aurora Ct., Aurora, CO 80045, Phone: 303-724-6711, Fax: 303-724-6779, peter.chase@ucdenver.edu. 

No conflicts of interest were reported by any co-investigators.

HHS Public Access
Author manuscript
Pediatr Diabetes. Author manuscript; available in PMC 2016 June 01.

Published in final edited form as:
Pediatr Diabetes. 2015 June ; 16(4): 271–279. doi:10.1111/pedi.12170.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



CONCLUSIONS—This pilot trial showed that supplementation of infant diets with DHA is safe 

and fulfilled the pre-study goal of increasing infant RBC DHA levels by at least 20%. 

Inflammatory cytokine production was not consistently reduced.
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INTRODUCTION

Type 1 diabetes (T1D) is considered an autoimmune and inflammatory disease and is 

increasing at a rate of 3 to 5 % per year(1–3) although the peak age at diagnosis may be 

changing.(2) The majority of children who present with overt T1D before the age of 10 

years seroconvert to autoantibody positivity by age 2 years.(4) Furthermore, the number of 

persistently positive biochemical islet autoantibodies relates to the more rapid development 

of T1D.(5) Recent evidence suggests increasing environmental influences and diminishing 

genetic roles in the etiology of the disorder.(6)

Using a case control design, cod liver oil taken either by the mother during pregnancy or by 

the child during the first year of life, correlated with a decreased risk of developing T1D.(7) 

In a subsequent study, a history of supplementation with cod liver oil during the first year of 

life was associated with a significantly lower risk of developing T1D before age 15 years 

(odds ratio [OR] of 0.7; P<0.001).(8) It was concluded that either docosahexaenoic acid 

(DHA), eicosapentaenoic acid (EPA), vitamin D, or all three in the cod liver oil, might have 

a protective effect in preventing T1D.

Food frequency questionnaires were used as part of a longitudinal, observational study 

called The Diabetes Autoimmunity Study in the Young (DAISY).(9) The intake of omega-3 

fatty acids was significantly associated with a decreased risk of developing persistent 

multiple islet autoantibodies (hazard ratio [HR], 0.23; 95% CI, 0.09 – 0.58; P=0.002). In the 

same study, a case-cohort evaluation of the omega-3 fatty acid content of RBC membranes 

was also inversely associated with risk of autoantibody development (HR, 0.63; 95% CI, 

0.41–0.96; P=0.03). However, further follow up did not reveal subsequent protection against 

development of T1D in subjects who developed autoantibodies.(10)

A recent report from the SEARCH for Diabetes in Youth Study Group evaluated 656 youth 

with T1D diagnosed in 2002–2005 and followed longitudinally.(11) They found that dietary 

intake of omega-3 fatty acids may be associated with a reduced risk of development of islet 

autoimmunity in children at increased genetic risk for T1D as well as with preservation of 

C-peptide production in youth recently diagnosed with T1D. As with most infants and 

children, intake of DHA and EPA were low in the DAISY and SEARCH studies. Previous 

studies have been epidemiologic in nature and have not included controlled randomized 

trials of DHA supplementation.

The purpose of the current pilot trial was to determine the effect of DHA supplementation, 

beginning in the last trimester of pregnancy or in the first five months after birth, on levels 
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of RBC membrane DHA and on whole-blood stimulated inflammatory cytokine production 

in infants with a high genetic risk for developing T1D.

RESEARCH DESIGN AND METHODS

The research design, methods and pre-study goals of this nine-center, two-arm, randomized, 

double-masked controlled clinical pilot trial were described previously,(12) and a flow chart 

is available in Figure 1. The full protocol is available online at http://www.clinicaltrials.gov 

[NCT00333554]. Key aspects are summarized herein.

Primary pre-study goals, in addition to safety, included showing an increase in infant RBC 

DHA levels of at least 20% and a reduction in the production of the inflammatory cytokine, 

IL-1ß, by at least 20% in DHA treated infants at age 12 months. The protocol was approved 

by the local institutional review boards, and all parents signed appropriate informed consent 

forms. All infants were required to have a first-degree relative with T1D and to have HLA 

DR3 and/or DR4 (91 infants) or to have multiple first-degree relatives with T1D (7 infants). 

It was predetermined that infants would be removed from the study if there was persistent 

detection of ≥ two positive islet autoantibodies.

Mothers of infants in Group A (41 infants) were enrolled in the last trimester of pregnancy 

(Figure 1). If the Group A neonate did not have DR3 and/or DR4 at birth (21 infants), they 

were discontinued from the study. Group A mothers were randomized to receive DHA (800 

mg/day) or corn/soy oil (800 mg/day) in the last trimester of pregnancy and continued on 

this same dose after delivery if breast-feeding. Formula-fed infants received formula with 

10.2 mg DHA/ounce (treatment) or 3.4 mg DHA/ounce (control).

Formula-fed infants and infants of breast-feeding mothers in Group B (57 infants) were 

randomized in the first five postnatal months to receive similar dosages of DHA or corn/soy 

oil as their counterparts in Group A. To keep infant ages consistent, Group B infants 

entering in the first five postnatal months had their initial follow-up blood draw at age 6 

months (not 6 months after entry). Their mean age of entry was 4.0 months. If breast-

feeding was discontinued in Group A or B mothers, the same treatment was continued via 

formula or capsules until age 12 months.

At age 12 months, all infants were treated with two 200-mg capsules per day of either DHA 

or corn/soy oil (per earlier randomization) until age 36 months. The DHA was in the form of 

DHASCO-5 oil (Martek Bioscience Corporation, Colombia, MD) and is derived from 

microalgae. It contains 39% of fatty acids as DHA, 15.3% as docosapentenoic acid (DPA) 

and 1.4% as EPA (three omega-3 fatty acids). Baseline data for the Group A and Group B 

infants is shown in Table 1.

Infant follow-up visits for medical history and physical exam were every three months in the 

first year of life and every six months to age 36 months. Laboratory testing was at entry 

(HLA typing and islet autoantibodies) and at age six months and then every six months (islet 

autoantibodies, fatty acids, vitamin D, CRP, and stimulated cytokine production) up to 36 

months. Fatty acids were measured by gas liquid chromatography/ mass spectrometry in 

maternal and infant RBC membranes and in breast milk (for mothers breast-feeding). Levels 
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of the omega-3 fatty acids, DHA and DPA, are reported in this manuscript, whereas levels 

of other fatty acids will be reported in a future manuscript. Levels of stimulated IL-1ß, IL-6, 

IL-12p40 and TNFα cytokine production were assayed by Luminex multiplexassay from the 

supernatants of diluted whole blood cultured with 1 μg/mL of LPS for 16 hours. The quality 

control (QC) procedures included measures such as intra and inter assay variations, limits of 

detection and inclusion of internal run controls for low, intermediate and high levels. They 

also included controls for matrix and recombinant versus human peripheral blood 

mononucleated cell produced cytokines. Acceptable variance in cytokines was <15% CVs. 

The Laboratory Monitoring Committee reviewed and approved all QC reports. The hsCRP 

measurements were performed by Northwest Lipids Research lab (Seattle) using the 

Nephelometric method. Plasma vitamin D levels were determined by HPLC-tandem mass 

spectrometry. Three biochemical islet autoantibodies, ICA512, insulin and GAD65 were 

measured as previously described(13;14).

Statistical Analysis

The data was examined for normality prior to testing, and log transformations were made on 

the values where appropriate and noted. Statistical comparisons between groups were 

performed using Analysis of Covariance, Mixed linear model adjusting for kit effect, t-tests 

and Pearson’s correlation coefficient (on the log-transformed data where needed). 

Adjustments for study entry point were made. Values at the visits were compared (in 

contrast to changes in the values). The means and standard deviations were used as summary 

statistics unless stated otherwise. Where log transformations were performed, the geometric 

means and 95% confidence intervals were presented. In certain cases the least square means 

are presented adjusting for kit effect from a mixed linear model. A comparison to the 

median value was used to evaluate the combined changes in the three inflammatory 

cytokines, IL-1ß, IL-12p40 and TNFα in control versus treated infants at 12 to 36 months. 

Data from the three infants with persistent islet autoantibodies is included in the analyses 

prior to reaching the predetermined end-point (following which all three rapidly became 

insulin-dependent).

RESULTS

Maternal RBC Membrane DHA Levels (mg/dL)

Group A control (n=16) and treatment (n=21) mothers, who began DHA or placebo in the 

last trimester of pregnancy, and for whom adequate blood was available for analysis (37 of 

42 mothers), had similar baseline mean [95% CI] DHA levels of 45.2 [36.2, 56.3] and 47.5 

[38.5, 58.6] respectively. Upon enrollment of their infants at delivery, the DHA level had 

declined in the control mothers to 25.3 [18.9, 34.1] and increased in the DHA-treated 

mothers to 56.3 [48.4, 65.4] (P<0.001 in comparison of the two groups). Baseline 

pretreatment values in Group B control and treatment mothers (postnatal) were similar at 

22.9 [17.3, 30.3] and 23.1 [18.4, 29.4], respectively, and were similar to those of the above 

Group A control mothers at enrollment.
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Breast Milk DHA Levels (mg/dL)

Group A mothers, who began supplements in the last trimester of pregnancy, had two- to 

three-fold higher levels of DHA in breast milk of the 21 treated mothers compared to the 16 

control mothers starting at the baseline post-delivery sample (P=0.008; Figure 2a). In Group 

B the control and the treatment mothers had baseline breast milk DHA levels that were 

almost identical (and similar to Group A control mothers [Figure 2b]). Thereafter, values 

were two- to three-fold higher in breast milk from the Group A or B treated mothers 

compared to the control mothers.

Infant RBC Membrane DHA Levels (mg/dL)

At baseline, the infants of mothers who had received DHA in the last trimester of pregnancy 

had a mean [95% CI] level of 45.5. In comparison, the combined baseline value for Group A 

controls and all group B infants was 21.8 (P = 0.06). Infant RBC membrane DHA levels 

were consistently higher in infants who received DHA compared with control infants 

(Figure 3 and Appendix, Table 4).

Infant RBC Membrane DPA Levels (mg/dL)

Analysis of the levels of the omega-3 fatty acid, DPA, in the infant RBC membranes showed 

no significant differences at ages 6 and 12 months, but were significantly lower (mean [CI] 

values in the treated infants at 18 months (9.9 [8.9, 11.0]) compared to the control infants 

(13.8 [12.4, 15.3], P<0.001). All infants had been on capsules with or without DHASCO-5 

oil for the previous six months. Levels were also significantly lower in the treated infants at 

age 24 months (8.8 [7.3, 10.6] versus 14.1 [11.5, 17.2], P=0.001), but were not significantly 

lower at age 30 months (P=0.10) or 36 months(P=0.09).

Infant WBC Stimulated Inflammatory Cytokine Production

At six months, for all infants, there were no consistent effects of the increased infant RBC 

DHA levels on infant high-dose LPS-stimulated whole blood inflammatory cytokine 

production (Table 2). There were no statistical differences (P>0.05) between individual 

cytokine production in the control versus the treatment infants at any of the six time periods 

(Table 2). IL-1ß production was reduced by more than 20% (23%) at age 12 months for all 

DHA-treated infants only in comparison to the breast-fed control infants (the only infants 

who received no supplemental DHA). Their IL-1ß level at 12 months was 1,003 [278, 3621] 

pg/mL. At age 18 months, when all infants had received DHA or placebo from capsules for 

at least 6 months, the inflammatory cytokines IL-1ß, IL-12p40 and TNFα were significantly 

reduced as a group (P<0.05) in the DHA-treated infants. This was not true (P>0.05) for all 

other time periods. There was not a greater reduction at any time in inflammatory cytokine 

production in infants whose mothers began DHA in pregnancy (Group A) in comparison to 

values for the infants who began DHA in the first five months after birth (Group B) (data not 

shown).

There also were no significant differences, using regression analysis, between control and 

treatment groups in relation to DPA levels and stimulated IL-1ß, IL-12p40 or TNFα 

production at the various time points, except for lower levels of IL-12p40 at 30 months 

(P=0.02) and of IL-1ß at 36 months (P=0.04).
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IL-6 and IL-10 were also measured in all control and treated infants. There were no 

consistent differences between groups for either cytokine (data not shown).

hsCRP Levels (mg/dL)

The mean hsCRP level at 12 months for the breast-fed treatment infants was 0.012 [0.003, 

0.048]. Breast-fed infants of all control mothers (Group A or B), who were not receiving any 

DHA had a mean hsCRP level at 12 months of 0.0024 [0.002, 0.315] (P>0.05 in comparison 

to the breast-fed treatment infants [data above]). The mean hsCRP level for all formula-fed 

infants (control and treatment) at 12 months was 0.086 (P=0.007 in comparison to breast-fed 

treatment infants [data above]). Formula-fed control infants had a mean hsCRP level of 

0.130 [0.053, 0.319]. The differences in hsCRP levels between infants formerly nursed 

versus formula-fed were no longer significant (0.007 versus 0.033, respectively; P=0.16) at 

18 months and thereafter when breast feeding had been discontinued.

Infant Vitamin D Levels (ng/mL)

Serum vitamin D levels (arithmetic mean [SD]) for all infants were 40.3 [11.9] at six months 

(24 samples), 37.2 [11.3] at 12 months (51 samples) and 34.4 [10.1] at 18 months (46 

samples). The numbers in parenthesis reflect the number of samples available after first 

priority sampling for DHA and cytokine levels. At 12 months, breast-fed infants had lower 

vitamin D levels (31.7 [12.1]) (13 samples) than did formula-fed infants (39.5 [9.8]) (36 

samples) (P=0.026). At 18 months, the DHA-treated infants mean [SD] vitamin D level (22 

samples) was 37.8 [11.7] compared to a level of 31.3 [7.3] for 24 infants in the placebo 

group (P=0.027), although vitamin D intake was similar. After 18 months, the differences 

between control and treatment infants were not significant (P>0.05). Vitamin D levels for 

the three infants removed from the study due to persistence of two or more positive islet 

autoantibody values were similar to the other infants: 25.8, 49.1, and 31.5 at 12 months and 

31.7, 33.4, and 32.3 at 18 months.

Infants with Two or More Persistent Islet Autoantibodies

Three infants were removed from the study, two at 12 months and one at 18 months, due to 

persistence of two or more positive autoantibodies. All three developed diabetes within two 

months. Among the three infants, infant one had high (>2SD of normal) levels of IL-12P40 

and CRP, infant 2 had a high level of IL-10, and infant 3 had high levels of TNFα, IL-6 and 

CRP at the time of diagnosis (Table 3, Appendix). In addition, the IL-6 levels for the two 

infants removed at 12 months were approximately double the level of the autoantibody-

negative infants (but not >2 SD of normal). Elevated cytokine levels fell following diagnosis 

for infants one and two who were removed at 12 months (not available for infant three – 

removed at 18 months). Infant 1 received formula, whereas infants 2 and 3 received formula 

plus supplemental DHA (Table 3, Appendix).

DISCUSSION

A pre-study goal in addition to safety, was to determine if infant RBC DHA levels could be 

increased by at least 20% as a result of DHA supplementation at age 12 months. An increase 

of 61 to 100% was found at ages six to 36 months, satisfying the first goal. A second goal 
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was to show a decrease in production of a major inflammatory cytokine, IL-1β, by at least 

20% at age 12 months as a result of DHA supplementation. When all control infants were 

considered (including formula-fed infants who received one-third the amount of DHA of 

treatment infants), there was an 11% reduction. The reduction was by 23% for all infants in 

the DHA treatment group compared to the breast-fed control infants (the only infants at 12 

months who received no supplemental DHA).

Baseline RBC DHA levels in the infants of the mothers receiving DHA during pregnancy 

were significantly higher than for control neonates. Maternal fish oil supplementation during 

pregnancy has previously been shown to promote higher concentrations of DHA in the 

blood of newborn infants.(15;16) Similarly, in another randomized clinical trial, 

supplementation with DHA (200 mg/day of the same DHASCO™ oil used in the current 

study) for two weeks during the 4th to 6th post partum weeks resulted in almost two-fold 

higher DHA levels in the 5 supplemented versus the 5 control mother’s breast milk.(17) 

Breast milk DHA levels in the current study were consistently higher in milk from the 

treatment mothers compared to the control mothers. The higher DHA levels in the present 

study were important both in showing compliance and in evaluating a possible effect on 

inflammatory cytokine production.

A previous study by Endres, et. al.(18) demonstrated a significant reduction of IL-1ß, a 

major inflammatory cytokine, in normal adults as a result of 18 grams/day of fish oil 

supplementation. They noted a five-fold increase in monocellular membrane phospholipid 

fatty acid, in contrast to the 50% increase in RBC membrane DHA levels found in the 

current study. Although these levels are not directly comparable, it is possible that even 

higher dosages of DHA than used in the present study are needed to further reduce IL-1β 

production. The Endres study was a stimulus for the current study. In addition, animal 

studies have shown increased levels of omega-3 fatty acids to confer strong resistance to 

cytokine-induced pancreatic β-cell destruction.(19)

Inflammatory cytokine production from high-dose LPS-stimulated whole blood cultures 

from infants supplemented with DHA over an extended period of time (three years) has not 

been previously reported. It is important to point out that the in vitro assay used to stimulate 

inflammation, 1ug/ml of LPS, is a high dose and greater than used in most studies of this 

type. High dose LPS was chosen for this study as reports suggest infants are poor responders 

to this Toll-like receptor 4 ligand. However, the subjects in this study showed a high-level 

response, much greater than infants with no family history of autoimmunity (data not 

shown; manuscript in preparation). In addition, we used a supplementation scheme that 

delivered a dose equivalent to two grams of DHA per day in an adult. It may be that higher 

doses of DHA are required to attain higher levels of cytokine suppression in T1D at-risk 

subjects. Future studies will need to address both assay format and DHA dosing. 

Alternatively, if DHA supplementation has an effect on reducing the likelihood of 

autoantibodies or of T1D, as suggested in epidemiologic studies,(7–11) it may be related to 

a mechanism other than reduction of inflammatory cytokine production. It is important that 

there were no recognized adverse events as a result of the study (one infant reportedly had a 

“body odor”).
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The finding of significantly reduced DPA, also an omega 3 fatty acid, in the treated infants 

at 18, 24 and 36 months is unexplained. The lipid supplement had 15.3% DPA, which may 

not get taken up into the RBC membrane. Alternatively, DHA could reduce DPA due to its 

inhibitory effects on the elongase enzyme necessary to convert EPA to DPA (20:5 n-3 to 

22:5 n-3). This inhibition has been described in mice fed high DHA(20) and in a patient with 

adrenomyeloneuropathy (AMN) treated with DHA.(21)

A major limitation of this study was the inclusion of small amounts of DHA in the control 

formula. This was included to make entry into the system more acceptable. This may have 

related to not finding differences in cytokine production at six months between control and 

treatment infants. However, the production from control breast-fed infants (true controls) 

also showed no differences at six months compared to DHA-treated infants. Between ages 

12 and 36 months, all infants received only control or treatment capsules, and differences in 

cytokine production were still not consistently observed. A second limitation relates to no 

measures of immune cell function or types, which might help to support (or not) the findings 

on inflammatory cytokine production. Another limitation of this study was the relatively 

small number (98) of infants. The study was designed as a pilot trial and a much larger study 

would be required to evaluate protection from development of T1D.

Inflammation, as measured by elevated high-sensitivity C – reactive protein (hsCRP) levels, 

was evaluated as a secondary inflammatory mediator in this study (changes in cytokine 

production being primary). It is unknown at this time if changes in either of these 

inflammatory mediators is more relevant. Elevated hsCRP levels were previously suggested 

to be a factor when infants with a high genetic risk for T1D were followed to the 

development of diabetes.(22) The level of hsCRP was significantly lower (P=0.007) at age 

12 months in the present study in breast-fed infants whose mothers received DHA compared 

to all formula-fed infants (with or without DHA). (Breast-feeding was discontinued in all 

infants after age 12 months.) It is possible that the nutritional matrix of breast milk, 

particularly with increased DHA levels, has an anti-inflammatory effect. Alternatively, 

formulas may enhance inflammatory responses and cows’ milk protein and/or bovine insulin 

have been suggested as possible environmental inflammatory agents in the etiology of T1D.

(23) Although the differences may pertain only to HLA DR3 and/or DR4 infants, the 

protection against inflammation as a result of breast feeding and DHA deserves further 

investigation. Additional studies of the role of nutrition in the etiology of islet autoimmunity 

and of T1D will continue to be important.
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Appendix

Table 3

Inflammatory Cytokine and CRP Levels in Infants Removed from the Study**

All islet autoantibody-negative 
infants*

Infant 1
(Formula)

Infant 2
(Formula + DHA)

Infant 3
(Formula + DHA)

Cytokine 12 mo 18 mo 12 mo 18 mo 12 mo 18 mo 12 mo 18 mo

IL-1β 1,065 (744) 636 (507) 1,295 353 1,155 281 797 1,640

IL-6 28,765 (24,820) 14,618 (10,540) 66,160 25,680 63,280 22,560 25440 94,400

IL-12p40 786 (425) 790 (994) 1,885 613 436 432 672 872.5

IL-10 521 (35) 381 (193) 505 216 760 141 894 542.5

TNFα 920 (590) 636 (450) 1,575 335 464 517 788 2,050

CRP 0.03 (0.71) 0.08 (0.13) 2.01 0.24 0.02 0.02 0.09 4.10

*
Results are expressed as the mean (SD). Cytokine levels are in pg/mL and CRP levels in mg/dL. Infants are included 

irrespective of treatment groups.
**

Infants removed due to presence of two or more positive biochemical islet autoantibodies on two occasions.

Table 4

Infant RBC Membrane DHA Levels

Age Treatment Group† Control Group†

6 months 72.9 (n=42)‡**

[63.2, 84.1]
50.7 (n=40)
[43.8, 58.7]

12 months 75.5 (n=45)**

[68.5, 83.3]
50.8 (n=40)
[45.8, 56.4]

18 months 50.1 (n=35)**

[44.1, 56.9]
29.4 (n=35)
[25.9, 33.4]

24 months 38.4 (n=31)**

[31.8, 46.3]
23.2 (n=26)
[18.9, 28.5]

30 months 33.5 (n=28)*

[25.8, 43.4]
19.6 (n=30)
[15.3, 25.2]

36 months 34.2 (n=22)**

[27.8, 42.1]
17.2 (n=22)
[14.0, 21.2]

†
Values represent the mean [95% CI]

‡
Numbers in parentheses represent the number of samples available for analysis

*
p<0.01

**
p<0.001 in relation to control infants
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Figure 1. 
Flow Chart of Study Design.
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Figure 2. Breast milk DHA levels
Figure 2a: Breast milk DHA levels in Group A mothers (who entered the trial in the last 

trimester of pregnancy). Insufficient mothers were still nursing at 12 months so a value is 

not provided. Values were significantly different (P<0.01) at 0 and 3 months (when adequate 

samples were available for analysis).

Figure 2b: Breast milk DHA levels in Group B mothers, with infants entering the trial 

anytime between birth and the fifth post-natal month. Zero-time reflects the enrollment time, 
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with all infants then studied at age 6 months. Values were significantly different (P<0.01) at 

6, and 9 months. Inadequate control samples were available at 12 months for statistical 

analysis.
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Figure 3. RBC membrane DHA levels
Infant RBC membrane DHA levels (mg/dL) were higher for all treatment infants compared 

to all control infants (P<0.001 for all comparisons except at age 30 months [P<0.01]). Data 

in Table 4, Appendix.
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Table 1

Infant Baseline Information

Entry A Entry B

Number of Infants 41 57

Method of Feeding**

  Initially Breast-fed 29 39

  Formula-fed 23 18

Male, % 46 51

Race/Ethnicity, %

 White 98 93

Gestational Age, wk, Mean ± SD 38 ± 1.5 38 ± 1.6

Weight, kg, Mean ± SD 3.6 ± 0.7 3.5 ± 0.7

Delivery Type, %

 Vaginal 55 45

 Cesarean Section 45 55

Entry A (n = 41) Entry B (n = 56)*

HLA Alleles

 DR3/DR4 4 10

 DR3/DR3 0 4

 DR4/DR4 6 5

 DR3/X 11 11

 DR4/X 16 23

 X/X 4 3

*
Excludes infant accidentally admitted with protective gene (HLA DR0602)

**
Numbers do not add up to 98 as they include mothers who breast-fed at least 3 months, but then switched prior to 6 month visit to formula 

feeding. They were continued in the same randomized treatment group.
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