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Importance—African American women living in urban, low-income environments are at high
risk for poor nutrition during pregnancy and birth complications.

Objective—To test the effectiveness of prenatal docosahexaenoic acid (DHA) supplementation
on birth outcomes and infant development in a sample of African American women with Medicaid
insurance and living in the city of Pittsburgh.

Design—The Nutrition and Pregnancy Study (NAPS) is a double-blind, randomized controlled
trial of prenatal DHA supplementation conducted between 2012 and 2014.

Setting—Participants were recruited from obstetric clinics at the University of Pittsburgh
Medical Center.

Participants—Sixty-four pregnant, African American women were enrolled at 16-21 weeks
of gestation and randomized to either 450 mg/day of DHA (22:6n-3)(n=43) or a soybean placebo
(n=21). Four women (6.3%) withdrew from the study: two participants from each study arm;
complete data were obtained for 49 infants (76.5%) at the 3-month assessment.

Interventions—Supplementation with DHA or placebo continued from the beginning of
enrollment through delivery.

Main Outcome and Measures—Data on birth outcomes were collected from medical
records. At approximately 3 months post-partum, mothers brought their infants to the laboratory
where the Bayley Scales of Infant Development (BSID-111) were administered and cortisol
response to the Face-to-Face Still-Face (FFSF) paradigm was assessed.

Results—Infants of mothers who received DHA supplementation had higher birth weight
(3,174 grams versus 2,890 grams) than infants of mothers receiving placebo (~[2,40] = 6.09, p=.
018, eta=.36), and were more likely to have a 1-minute Apgar score greater than 8 (OR =5.99
[95% C/=1.25-28.75], p=.025). Infants of mothers who received DHA compared with infants of
mothers receiving placebo had lower levels of cortisol in response to the FFSF paradigm (#[1,32]
=5.36, p=.018, efa=.36). None of the scores on the BSID-III differed as a function of active
supplement versus placebo.

Conclusions—Infants of women living in urban, low-income environments who received
DHA supplementation had more optimal birth outcomes and more modulated cortisol response to
a stressor. DHA supplementation may be effective in attenuating the negative effects of prenatal
stress on offspring development.
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1. Introduction

In the U.S., high levels of acute and chronic stress are found among families living in low-
income environments; neighborhood disorder, lack of safety and exposure to violence are all
significantly higher in areas with lower per capita income (Evans, 2003; Ewart, 2002). More
than a quarter of African Americans live in poverty (DeNavas-Walt and Proctor, 2014), and
pregnhant women living in poverty are at higher risk for poor nutrition (Fowles and
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Gabrielson, 2005), and are more likely to experience pregnancy and birth complications
(Noble, McCandliss et al., 2007; Giscombe and Lobel, 2005).

Maternal and child health disparities among African Americans in the U.S. may emerge in
part from differences in maternal psychosocial stress during pregnancy. According to the
prenatal programming hypothesis (Weinstock, 2008; Seckl and Holmes, 2007), chronic
exposure to stress leads to suboptimal modulation of maternal stress response and
consequently, exposure of the fetus to high levels of glucocorticoids released by the mother.
This exposure affects the development of the fetal stress architecture in part by adjusting the
threshold at which a stress response is activated, and interfering with the feedback
mechanisms involved in maintaining homeostasis. Although the postpartum environment
continues to affect brain development, for a substantial number of children this initial insult
may set the stage for a developmental trajectory that begins with a poorly modulated
response to stress during infancy. ldentifying factors that can potentially interrupt this cycle
has significant implications for public health.

Growing evidence from animal studies indicates that supplementation with polyunsaturated
fatty acids (PUFASs), and with docosahexaenoic acid (DHA) specifically, improves maternal
stress reactivity during pregnancy and protects neurodevelopment of the offspring, especially
in the context of high levels of stress exposure (e.g., Feng et al., 2012; Pudell et al., 2014).
DHA levels in human pregnancy are associated with immediate birth outcomes including
birth weight, infant head circumference, and length of gestation (Carlson et al., 2013). An
association between DHA consumption during pregnancy and later child developmental
functioning also has been observed (Hibbeln et al., 2007; Kohlboeck et al., 2011). Among
the few double-blinded, randomized controlled studies of DHA supplementation during
pregnancy in humans, the results on offspring neurodevelopment have ranged from modest
(Helland et al., 2003) to no effects (Makrides et al., 2010). One possible reason for the lack
of consistent findings is that the effects of DHA supplementation may be most evident
among vulnerable populations in terms high levels of stress exposure, and/or in terms of
offspring functioning under conditions of stress. In the majority of experimental animal
studies, effects of DHA supplementation on offspring functioning were observed under
conditions of manipulated prenatal stress and/or manipulated stress exposure in the offspring
as opposed to typical functioning (Keenan and Hipwell, 2015).

We recently completed a randomized controlled study of DHA supplementation in pregnant,
African American women living in urban, low-income environments and observed
significant differences in self-reported perceived stress and cortisol response to a controlled
stressor at 30 weeks gestation (Keenan et al., 2014). In this report we extend those findings
by testing the effects of prenatal DHA supplementation on birth outcomes and infant
development at approximately 3 months of age in the same sample.

2. Methods

2.1 Study Design

We conducted a double blind, randomized controlled trial (NCT01158976) evaluating the
effects of prenatal fatty acid supplementation on infant outcomes in a sample of African
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American women living in urban, low-income environments in Pittsburgh, Pennsylvania
from 2010-2012.

2.2 Eligibility and Recruitment

Only demographically eligible women were approached for screening. Demographic
eligibility included: Medicaid insurance or Medicaid eligible, African American race, age
between 20 and 30 years, and 16-21 weeks of gestation. Women were recruited using two
methods. First, research assistants attended obstetric clinics at the University of Pittsburgh
Medical Center between 2010 and 2012 and provided fliers to patients that listed the
demographic inclusion criteria, asking those eligible to complete the screening. Second,
demographically eligible patients, identified through electronic medical records, were
contacted by mail and phone to assess interest in the study. In person or telephone
screenings of all demographically eligible patients were then conducted to assess whether
sea fish consumption, an index of fatty acid intake, was less than 2 servings per week.
Exclusion criteria consisted of known medical complications (gestational diabetes, pre-
eclampsia), regular use of steroid medications, regular alcohol use, cigarettes or use of
illegal substances (by maternal report), use of blood thinners or anticoagulants, use of
psychotropic medications, body mass index >40, and allergy to iodine and or soy.

2.3 Participants

One hundred forty-six women were screened for eligibility. Of those screened, 26 were
ineligible, 64 were eligible and enrolled, 48 were eligible at time of screening but could not
be enrolled prior to the enrollment window (i.e., 16—-21 weeks of gestation), and 8 refused to
participate (see Figure 1). Participants were reimbursed on an accelerated schedule with $40
for their first visit and an increase in payments of $10 for each subsequent visit. The
Institutional Review Board at the University of Chicago and the Human Research Protection
Office at the University of Pittsburgh approved all study procedures.

2.4 Randomization

Once enrolled, women were randomly assigned on a 2:1 ratio to receive an omega-3
nutritional supplement (n = 43) or a soybean oil placebo (n = 21) beginning at enrollment
and through the end of pregnancy. We expected greater variability in the dependent measures
(e.g., stress reactivity) among the experimental participants than the control patients. Thus,
in order to optimize power to test the hypotheses, we enrolled a higher number of
participants in the experimental group to adequately capture that variability.

The pharmacist at the University of Pittsburgh carried out a computer generated random
assignment of identification (ID) numbers to active supplement or placebo in blocks of 18:
six ID numbers were assigned to group A (placebo) and the remaining 12 were assigned
equally to either group B or C, both of which received identical doses of active supplement.
This approach allowed the pharmacist to randomize on a 2:1 ratio without having the
unbalanced design break the blind. The pharmacist provided the staff with appropriate dosed
bottles labeled with the ID and treatment letter (A, B or C), thus ensuring that participants
and investigators were blinded to the groups to which the participants were assigned. Group
assignment was not revealed until all data were collected after the 3-month follow-up.

Psychoneuroendocrinology. Author manuscript; available in PMC 2017 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Keenan et al. Page 5

2.5 Intervention and Procedures

Women received supplements via two strawberry flavored gel capsules providing: 450 mg of
DHA (22:6n-3); 40 mg of DPA (docospentaenoic acid, 22:5n-6 and 22:5n-3) and ETA
(eicosatetranoic acid, 20:4n-6); 90 mg EPA (eicosapentaenoic acid, 20:5n-3); and 10 mg
Vitamin E (d-alpha tocopherol), supplied by Nordic Naturals. The strawberry flavored
placebo contained 990 mg of soybean oil, 16.5 mg Vitamin E (d-alpha tocopherol), and 10
mg of EPA and DHA for flavor matching purposes. The supplement and placebo were
identical in size, color, and smell. Each participant received a 6-week supply. Research
assistants contacted participants by phone 3 times per week to ask the time of day that the
supplement was taken, and gathered data on perception of taste, and possible gastrointestinal
side effects to increase compliance.

Birth outcomes, including gestational age at delivery, birth weight, and 1 minute Apgar,
were collected from the medical record. At approximately 3 months of age, mothers brought
infants to the laboratory when the infant’s developmental level and stress reactivity were
assessed. The Bayley Scales of Infant Development (Third Edition) (BSID-I11) (Bayley,
2006) were administered in order to generate indices of communication and motor
development.

Cortisol response to the Face-to-Face Still-Face paradigm (FFSF) (Tronick et al., 1978) was
used to measure infant stress reactivity. The FFSF is a standard laboratory procedure
comprising three 2-minute episodes: (1) mother playing typically with her seated infant; (2)
mother maintaining a neutral expression with no vocalization; and (3) mother returning to
typical play. Mothers were asked that their infants should not consume milk products
(human or animal) for 1 hour prior to and during saliva collection.

Saliva was collected pre-FFSF, and 20 and 40 minutes post-FFSF by swabbing each infant’s
mouth with an unflavored dental roll for several minutes. The dental roll was then placed in
a labeled plastic salivette. Samples were immediately transferred to a freezer and stored at
—20° C until assayed. On the day of testing, samples were thawed and centrifuged at 3,000
rpm for 10 minutes, allowing for a clear sample to be pipetted into appropriate test wells. All
samples from each subject were assayed in the same batch to minimize variability, and
assayed with reagents from the same lot. Samples with sufficient saliva were assayed in
duplicate using the Salimetrics HS Salivary Cortisol EIA Kit for unbound cortisol. This
assay has a lower limit of sensitivity from .007 to 1.2 pg/dL. The average between-assay
variance is 3.9% and 7.1%, and the average within-assay variance is 6.7% and 6.9% for high
and low concentrations, respectively. The correlation between saliva and serum as assessed
by the Salimetrics HS Salivary Cortisol EIA Kit and the Coat-a-Count Serum Cortisol RIA
kit is .96, p <.0001. Analyses were conducted with logyg-transformed cortisol values, but
are presented as untransformed pg/dL for ease of interpretation.

2.6 Statistical Analysis

All data were analyzed using SPSS version 22. Descriptive statistics were computed to
examine the distribution of scores. Group differences (active versus placebo) in continuous,
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normally distributed scores were tested using analysis of variance. Group differences for
dichotomous outcomes were tested using logistic regressions.

3. Results

As shown in Figure 1, 34 infants (79.1%) of mothers who received active supplement and 15
infants of mothers who received placebo (71.4%) completed the 4-month post-partum
assessment. There was no significant difference in the distribution of sex of infant across the
two groups: approximately half of the infants born to mothers receiving placebo were female
(53.3%), and 41.2% of the infants born to mothers receiving active supplement were female.
There were no effects of sex on birth weight or gestational age. There were no significant
associations between infant and maternal cortisol reactivity. Descriptive statistics for all
study variables are presented in Table 1.

Regarding birth outcomes, there was no significant effect of supplementation on gestational
age (M= 38.85, SE=0.37 for active; M= 38.84, SE = 0.54 for placebo). There was an
effect of supplementation on birth weight, with infants of mothers who received DHA
supplementation weighing on average 3,174 grams (SE = 63.2), compared to 2,890 grams
(SE=96.9) for infants of mother receiving placebo (F[2,40] = 6.09, p=.018, efa= .36,
controlling for gestational age) (Figure 2).

Supplementation was significantly associated with 1 minute Apgar score. Among the infants
whose mothers received supplementation 75.8% had Apgar scores of 9 compared to 59.1%
of the infants whose mothers received placebo (OR =5.99 [95% C/= 1.25-28.75], p=.025,
controlling for birth weight and gestational age) (Figure 3). A full distribution of the 1
minute Apgar scores across both groups is provided in Table 2.

No group difference in pre-stressor cortisol levels was observed between infants whose
mothers received placebo versus supplementation. Controlling for pre-stressor cortisol levels
and time of collection, significant group differences were observed for levels measured at 20
and 45 minutes post-stressor, with infants of mothers taking placebo showing higher levels
of cortisol than infants of mothers taking active supplement (~[1,32] = 5.36, p=.018, efa=.
36, controlling for gestational age) (Figure 4). None of the scores on the Bayley Scales of
Infant Development differed as a function of active supplement versus placebo.

4. Discussion

To the best of our knowledge, this is the first study in which the effect of prenatal DHA
supplementation on infant outcomes, including stress reactivity, has been tested in a U.S.
population at high risk for adverse birth and infant outcomes. These findings are highly
significant for maternal and child health as fatty acid supplementation led to improvements
in birth weight, Apgar scores, and infant stress reactivity. To place the birth outcomes in a
clinical context, we refer to epidemiological data published by the Center for Disease
Control and Prevention. In 2013, the most recent year for which data are available, 16.3% of
births to African American mothers were preterm and 13.1% of infants were low birth
weight (i.e., less than 2500 grams) (Martin et al., 2015). In the present study, 13.6% of
infants were born at less than 37 weeks gestation, a rate that was comparable across both the
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placebo and active supplement groups. The slightly lower than average rate of preterm
delivery may be due to recruiting from a women’s hospital with a very high level of care.
Access to prenatal services that prolong gestation across both groups may have led to
difficulties in determining effects of fatty acid supplementation on gestation, an effect that
has been fairly consistent in other studies (Keenan and Hipwell, 2015).

Nearly two thirds of infants of mothers receiving active supplement had 1-minute Apgar
scores of 9, compared to less than half of infants of mothers receiving placebo. Although the
1-minute Apgar score is not predictive of later neurodevelopment, it is a standardized
method for describing the status of the neonate immediately after birth (American College of
Obstetricians and Gynecologists, 2015). Whereas, as a single predictor the clinical utility is
likely to be negligible, in the context of other indices of the difference in Apgar scores
provides additional support for the association between DHA supplementation and more
optimal birth outcomes.

Prenatal supplementation was associated with increased birth weight when comparing
average birth weight for both groups. Only 7 (13.0%) of infants in the present study weighed
less than 2500 grams; 10.5% of infants of mothers who received active supplement and
18.8% of infants of mothers who received placebo were classified as low birth weight. Thus,
the rate of low birth weight was reduced by almost 50% with DHA supplementation in the
present study and by almost 20% compared to the national average for African American
women. Although the small sample size calls into question the robustness of the findings,
the effect sizes indicate that this is a preliminary finding worthy of replication efforts.

The results for infant stress reactivity are equally compelling. Although significant changes
in behavioral distress and heart rate are typically observed in the infant’s response to the
face-to-face-still-face paradigm in the first 6 months of life, a change in cortisol level is not
typically observed (Grant et al. 2009; Lewis and Ramsay, 2005; Tollenaar et al., 2011). In a
few studies, subgroups of infants were identified as demonstrating an increase in cortisol,
including infants of mothers reporting prenatal anxiety (Tollenaar et al, 2011), mothers
demonstrating less sensitive caregiving (Bosquet-Enlow et al., 2014), and infants of mothers
who abused alcohol during pregnancy (Haley et al, 2006). In comparison to the significant
increase in cortisol in response to the still face among infants whose mothers received
placebo, the lack of a cortisol response among infants whose mothers received active
supplement could be conceptualized as a normalizing effect: despite exposure to prenatal
stress, fatty acid supplementation protects the integrity of the development of the HPA-axis
resulting in a more typical infant cortisol response.

The lack of effects of supplementation on neurodevelopment test scores in the present study
is consistent with previous research (e.g., Makrides et al., 2010). Even among studies
reporting modest effects, the impact of prenatal fatty acid consumption on
neurodevelopmental measures appears to emerge later in childhood as opposed to being
reliably observed in infancy (Hibblen et al., 2007). This pattern of results may reflect lower
sensitivity of neurodevelopmental tests in early infancy (Harris & Langkamp, 1994),
especially among children from families living in low-income environments (Hess et al.,
2004). Continued assessment into childhood is needed to further explore the potential impact
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of prenatal fatty acid consumption on neurodevelopment, including the possibility that
deficits that emerge later in development may be partially mediated by early disruptions in
HPA-axis functioning.

5. Conclusion

This is the first study to test the effect of prenatal supplementation with PUFA on birth
outcomes, and infant stress reactivity, and developmental level in a sample of African
American women living in urban poverty. Observed obstetric and neonatal health disparities
among racial minorities and families living in poverty may be in part due to differential
exposure to prenatal stress. We previously reported that DHA supplementation resulted in
less perceived stress and more modulated cortisol response to stress during pregnancy
(Keenan et al., 2014). The results from the present study add to those findings and provide
further support for the hypothesis that nutritional moderators targeting prenatal stress among
vulnerable populations could have a significant positive effect on the neurodevelopment of
children. The fact that statistically significant differences in infant outcomes were observed
in a small sample is encouraging, but also underscores the need for replication in a larger
and more diverse sample with respect to sociodemographic factors and prenatal stress
exposure. Future research also is needed to test whether the observed effects of fatty acid
supplementation during pregnancy on infant outcomes are mediated by changes in prenatal
stress.
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Highlights

. The effectiveness of prenatal docosahexaenoic acid (DHA)
supplementation on birth outcomes and infant development in a sample
of African American women with Medicaid insurance is tested

. Compared to infants of mothers who received placebo, infants of
mothers who received DHA supplementation had more optimal birth
outcomes and lower and more typical cortisol responses to a controlled
stressor

. DHA supplementation may be effective in attenuating the negative
effects of prenatal stress on offspring development
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146 Assessad for Eligibility

1 Expenienced Upset Stomach

82 Excluded
26 Not Meeting Inclusion Criteria
8 Refused to Participate
48 Other Reasons
64 Randomized
43 Assigned to Recaive Omega-3 Supplement 21 Assigned to Placebo
43 Received Active Supplement 21 Received Placebo
2 Discontinued Supplement 2 Discontinued Placabo
1 Experienced Headaches = - 1 Miscaried

1 Experienced Mood Changes

43 Completed Baseline Assessment
35 Completed 24-week Assessment
34 Completed 30-week Assessment
36 Completed 36-week Assessment
34 Completed 4-month Post-partum Assessment

21 Completed Baseline Assessment
18 Completed 24-week Assessment
17 Completed 30-week Assassment
17 Completed 36-week Assassment
15 Completed 4-month Post-partum Assessment

Figure 1.

Nutrition and pregnancy study participation rates
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Figure 2.

Effect of supplementation on birth weight controlling for gestational age at birth
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F(1,40) = 6.09, p=.018, cohen’s d= .77, controlling for gestational age; n for placebo = 13;

n for active = 30; error bars represent standard error for the mean within each group
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Figure 3.
Effect of supplementation on one minute Apgar controlling for gestational age and birth

weight
Odds ratio = 5.99 (95% C/=1.25-28.75), p=.025, controlling for birth weight and
gestational age; n for placebo = 13; n for active = 30
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Figure 4.
Effect of supplementation of infant cortisol response to the Still-Face Paradigm

F(1,32) =5.36, p=.027, cohen’s d= .82, Controlling for time of collection and pre-
stressor cortisol levels; error bars represent standard error for the mean within each group at
each time point
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Table 2

Distribution of 1-minute Apgar score for infants whose mothers received placebo or active supplement

1-minute Apgar Placebo Active

N (%) N (%)
4 1 (59 2 (53
5 1 (59 2 (53
6 1 59 0 (0.0
7 2 (11.8) 4 (105)
8 4 (235) 5 (13.2)
9 8 (47.1) 25 (65.8)
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