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A. SPECIFIC AIMS 

 

 The purpose of this application is to extend an ongoing Phase III randomized clinical trial (RCT) funded 

under NIH 1 RO1 HD047315.  The purposes of that trial is to determine whether increasing prenatal 

docosahexaenoic acid (DHA) intake will positively affect pregnancy outcomes, and whether such 

supplementation affects the development of visual acuity, visual attention, recognition memory, and various 

psychophysiological outcomes in infancy.   

 

 DHA is an essential long-chain polyunsaturated n-3 fatty acid that is present in every cell membrane in the 

body, but which contributes specifically to the structure and function of the CNS.  In addition to being obtained 

postnatally from food sources, DHA is transferred prenatally from maternal stores to the fetal brain during the 

latter part of gestation.   Given its role in the developing CNS, it has been broadly hypothesized that DHA has a 

role in sensory, cognitive, and intellectual development in infancy and childhood.  While numerous RCTs have 

evaluated this hypothesis as a function of postnatal supplementation, studies of prenatal supplementation are 

particularly rare.  As such, the existence of a cohort participating in an RCT on prenatal supplementation at a 

relatively high dose (600mg/day) of DHA represents a unique and important investment for the field of nutrition 

and development.    

 

 In the original application for this RCT, we proposed to follow a large sample of infants longitudinally until 

18 months of age.   As the third year of this RCT begins, we have consented 202 mothers, and project to 

recruiting through mid-2009 to attain our goal of consenting 350 mothers.   However, because of the extended 

recruitment period necessary to accumulate this large sample, infants have begun graduating from the longitudinal 

schedule.  The first infants reached the final assessment point of the original trial (18 months of age) in December 

of 2007.   As a result, by the end of the funding period, there will be a sizeable number of preschoolers who will 

have participated in this RCT, but who will have been out of contact with the project for anywhere from 6 months 

to over 3 years.   The scientific literature on longitudinal retention indicates that this condition will severely 

disadvantage maintenance of this sample for continuation of this study.  Furthermore, the ages in which 

participants will be out of contact with the study and unmeasured (anywhere from 24 to 55 months) are 

particularly important ages in the area of development.  These are the ages at which the higher-order cognitive 

functions emerge, and at which meaningful measures of basic intelligence can be validly assessed.  Furthermore, 

at these ages, it is also possible to collect measures that directly bear on school readiness and various predictors of 

school problems.  Therefore, the overall aim of this application is to continue following this very important 

sample into the preschool period, and begin to address the question of the long-term effect of prenatal DHA 

supplementation on very meaningful and adaptive measures of development.    

 

The specific aims of this application are  

 

1.  To assess the effect of prenatal supplementation of DHA on measures that are characteristic of 

development in the early preschool period.   These measures may be conceived as being grouped into four 

domains: 

a.  Measures of higher-order cognitive function in preschoolers.  DHA is present in the frontal lobes 

(Neuringer et al.,1986) and may thus play a role in the development of higher-order cognitive functions.  

However, the effects of DHA supplementation on the later-emerging, higher-order cognitive abilities have never 

been assessed.  We will assess the development of various aspects of higher-order functions that involve memory, 

rule learning, and inhibition in children 2 through 4 years of age who have been enrolled in this RCT. 

b. Measures of language processing and preliteracy.   During the ages covered by this supplement, it is 

possible to assess processes that are precursors to, and strong predictors of, reading and literacy.   It has long been 

suggested that DHA may have meaningful outcomes that are related to school success and achievement; we can 



address this question by administering both a comprehensive and a specific task in the fourth year of age for 

children enrolled in this RCT. 

c. Adaptive Regulation.   At these ages, it is also possible to address functional measures of adaptive 

regulation that are relevant to socioemotional development, attention, activity, and affect.  These measures are 

relevant to outcomes in typically developing individuals, as well as in plotting the emergence of problem 

behaviors associated with ADHD and depression, both of which have been linked with DHA. 

d. Global measures of intelligence.   Despite the widespread belief that DHA may be related to 

improvements in fundamental cognitive outcomes, there have been relatively few studies using IQ as an outcome 

of DHA status, even fewer studies of DHA supplementation, and none of the effects of prenatal supplementation.  

At the ages covered by this supplement, we can implement an appropriate standardized tests at ages 3 and 4 to 

address this gap in the literature. 

 

 2. To assess health and diet in childhood. We will assess child anthropometrics, diet and blood pressure at 

each visit and record childhood illness through 6 years.   
 

B. BACKGROUND AND SIGNIFICANCE 

 

B.1. Docosahexaenoic Acid (DHA) and Development 

 

 Docosahexaenoic acid (DHA, 22:6n-3) is a long-chain polyunsaturated fatty acid (LCPUFA), a member of 

the n-3 fatty acid family.  It is found in its highest concentrations in cell membranes, and because the 

accumulation of fatty acids in cell membranes is influenced by the kind and amount of n-3 acids in the diet, 

dietary fatty acids may influence all physiological functions.   

 

 Over the past decade, evidence has accumulated to suggest that DHA is important in during early 

development (Uauy et al., 2001). The central nervous system (CNS) is highly enriched in DHA and most DHA 

accumulation occurs during the last intrauterine trimester and in the first six postnatal months (Clandinin et al., 

1980; Martinez, 1991).  Given the putative importance of DHA to CNS integrity and function, it has long been 

suspected that DHA (and other LCPUFAs) play an important role in mammalian behavior and behavior. Omega-3 

fatty acids affect learning and cognition in both animals (Carrie et al., 1999; Jensen et al., 1996; Wainwright et al., 

1994) and humans (Isaev et al., 2000; Stevens et al., 1996; Willats, 2002; Willats & Forsyth, 2001; Willats et al., 

1998a). Because DHA is accumulated in the brain and retina during gestation, it has been widely postulated that 

DHA may be have a major role in promoting early behavioral and cognitive function.  The effects of DHA have 

been most intensively studied in early development, and during the early part of the life span, outcome variables 

have typically included measures of visual acuity, standardized test performance, and/or laboratory measures of 

early cognition.   

 

B.1.1. Visual Acuity 

 Studies of infant visual function have been widely conducted in this area for some time (see reviews by 

Gibson & Makrides, 1999; San Giovanni et al., 2000a,b), showing both positive (Birch et al., 1992a,b,c; Birch et 

al., 1998; Carlson et al., 1996a; Carlson et al., 1996b; Carlson et al., 1993; Faldella et al., 1996; Makrides et al., 

1995; Uauy et al., 1990) and null (Auestad et al., 1997; Bakker et al., 1999; Jensen et al., 1997; Innis et al., 1997) 

effects.  Generally, when the effects of DHA are seen, they are typically manifest as an accelerated developmental 

function for visual acuity during the first year of life. 

 

B.1.2. Standardized Tests 

 The results of studies using global assessments of cognitive function (e.g., the Bayley Scales of Infant 

Development, or childhood IQ tests, such as the Stanford Binet or Weschler tests) as outcomes of LC-PUFA 

supplementation or status are mixed between positive and null outcomes (Gibson et al., 2001).  Some 

investigators have reported benefits on the Brunet-Lezine Scale (Agostini et al., 1995, 1997), the Bayley Scales 

(Birch et al., 2000; Carlson et al., 1994), and the Weschler Primary Preschool Scale of Intelligence (Birch et al., 



2007).  On the other hand, null effects have been reported by Scott et al. (1998), Makrides et al. (2000) with the 

Bayley Scales and by Auestad et al (2003) with the Stanford Binet.  A few studies of maternal DHA 

supplementation during pregnancy and/or lactation have been conducted, and although none of these trials 

(Helland et al., 2001; Jensen et al., 1998; Gibson et al., 1997) have reported advantages of DHA supplementation 

for infant development in the first year, the two that followed infants into the preschool period did report benefits 

(Helland et al., 2003; Jensen et al., 2004).   

 

B.1.3. Specific Cognitive Tests 

 Several published trials show significant effects of DHA supplementation on the development of early 

information processing (Carlson & Werkman, 1996c; Werkman & Carlson, 1996).  More mature infant/toddler 

attention has been reported in offspring of women who had higher RBC PL DHA at delivery (Colombo et al., 

2004a; Willatts et al., 1998,b 2003). Innis et al. (2002) found that maternal milk DHA was associated with 

improved processing of speech contrasts (a critical skill in early receptive language development), a result that 

could be attributed to higher DHA accumulation in utero, given that higher milk DHA is evidence of generally 

higher maternal DHA status and an ability to transfer more DHA to the fetus relative to women with lower DHA 

status.   Finally, a number of reports suggest that DHA status is related to improved performance on means-ends 

tasks at 10 months of age (Willatts et al., 1998a, Forsyth et al., 1998), which are generally thought to reflect the 

integrated functions several late-developing skills attributed to the maturation of the frontal cortex (Colombo & 

Cheatham, 2006). 

 

B.2. The Case for Prenatal Supplementation 

 

 Relative to other cultural groups, US women have lower relative amounts of DHA in plasma, red blood cell 

phospholipids (RBC PL), and in breast milk than do women in cultural groups who consume higher amounts of 

DHA and EPA.  For example, the average RBC PL DHA of US women in two recent studies was 4.91% (Smuts 

et al., 2003a) and 5.47% (Smuts et al., 2003b) DHA at the beginning of the 3rd trimester; this compares to a mean 

RBC DHA of 7.41% in Cuban women after parturition (Krasevec et al., 2002). It is estimated that the amount of 

DHA in breast milk in US women is 0.1 to 0.15% (Jensen et al., 1985); this compares to 0.45% for 

unsupplemented Norwegian women (Helland et al., 2003), and 0.43% for unsupplemented Cuban women 

(Kravesec et al., 2002).   Indeed, US women have among the lowest breast milk DHA in the world.  It has been 

widely assumed that these differences in DHA are attributable to differences in dietary intake (Otto et al., 1997); 

if this is the case, then DHA levels should be responsive to dietary supplementation.  This position has enjoyed 

considerable empirical support over the last decade (Connor et al., 1996; Helland et al., 2001; Helland et al., 

2003).   

 

 The transfer of DHA from mother to fetus appears to be enhanced during the last trimester of pregnancy as 

fetal and brain growth accelerates and DHA in the fetal brain accumulates. Perhaps as a result of this transfer, 

there is a small but consistent decline in average maternal RBC PL DHA seen during the last trimester (Smuts et 

al., 2003a, 2003b).  Even in US women, where DHA levels are typically low, there is a wide variability in the 

range of maternal RBC PL DHA, and these individual levels tend to be remarkably stable across pregnancy 

(Smuts et al., 2003a, 2003b).  Finally, these individual differences in DHA status within mothers during 

pregnancy appears to have longer-term effects on their infants, given that maternal DHA levels from pregnancy or 

at birth have been associated with individual differences in various measures of developmental outcome in their 

infants (Cheruku et al., 2002; Willatts et al., 2003; Colombo et al., 2004a). Individual differences in DHA status 

within mothers during pregnancy and lactation appear to have effects on their infants and children, given that 

maternal blood and milk DHA levels or infant DHA levels at birth have been associated with individual 

differences in various measures of developmental outcome in infants (Bakker et al., 2007; Cheruku et al., 2002; 

Colombo et al., 2004a; Innis et al., 2002, Innis and Friesen 2008; Jacobson et al., 2008; Malcolm et al., 2003; 

Willatts et al., 2003). 



 Finally, the available evidence suggests that DHA supplementation during pregnancy would, in fact, raise 

maternal levels by considerable amounts (Montgomery et al., 2003; Otto et al., 2000), making it probable that a 

prenatal supplementation would be effective. 

 

B.3. The Current Randomized Clinical Trial (R01 HD047315) 

 

 Based on this thread of logic, in 2004 we proposed, and subsequently obtained NIH funding (R01 HD047315) 

for, the conduct of a double-blind randomized clinical trial (RCT) of maternal DHA supplementation with 600 mg 

DHA per day during pregnancy.  Compliance with this dosage level was evaluated as part of the review process 

prior to the start of the RCT, and was found to be excellent.   

 

 The assessment schedules for the original RCT (and proposed as part of the original R01) are presented 

below.  The first table shows contacts, measures, and evaluations conducted during the prenatal period.  Several 

of the primary variables proposed to be studied reflected pregnancy health and outcome.  For example, we 

hypothesized that supplementation would increase gestation, and that by increasing gestation length, we would 

see corresponding effects on birthweight and length.  Our expectation of this chain of effects was based on prior 

data that had suggested that gestation length may be increased by prenatal supplementation with fish oil (Olsen et 

al., 1995, 2000; Olsen & Secher, 2002) or with a small increase in DHA (100 mg/d) from food (Smuts et al., 

2003b); there are several plausible mechanisms through which such an effect might be realized.  For example, 

DHA lowers blood pressure (Gerrard et al., 1991) and may thus reduce the probability of pre-eclampsia 

(D’Almeida et al., 1992; Fleischhauer et al., 1993; Williams et al., 1995).   DHA may also increase gestation by 

counteracting processes leading to labor (Baguma-Nibasheka et al., 1999; Ma et al., 2000; Nair et al., 1997).   

 

PRENATAL MEASURES Baselineb 
Monthly 

phone 

calls 

Pre-term  
Hospitalizatio

ns 
Delivery 

Hospital 

discharge  

Informed Consent ●     

Medical History ●     

Physical Examination ●   ●  

Vital Signs ●   ●  

Capsule consumption assessments  ●  ●  

Blood draw for DHA assessment (patient) ●   ●  

Blood draw for DHA assessment (infant)    ●  

Disease assessment ●  ● ● ● 

Pre-eclampsia / eclampsia assessment ●a 
  ●  

Gestational diabetes assessment ●a 
 ● ●  

Delivery (maternal) assessments    ●  

Birth  (infant) assessments    ●  

Adverse events  ● ● ● ● 
a Exclusion criteria 
bThe baseline period is 8 to 14 weeks of gestation 

 

 A major focus of clinical trial, however, was to evaluate the effects of prenatal DHA on cognitive 

development in infancy.  That is, we sought to study the infant/toddler/child development in infants born to 

women in the study by following them from birth through 18 months of age.  The postnatal assessment schedule 

for the RCT is as follows: 

 



POSTNATAL ASSESSMENTS 
Postnatal Months 

1.5 4 6 9 12 18 

Visual evoked potentials ● ●  ● ● ● 

Visual habituation protocol with HR  ● ● ●   

Attention span tasks     ● ● 

Distractibility protocol     ● ● 

Means-ends Problem solving task    ● ●  

Bayley Scales of Infant Development II     ● ● 

MacArthur Communicative Development Inventory     ● ● 
 

 The design of the postnatal protocols was based on the extant literature showing DHA as affecting 

electrophysiological measures of visual acuity (e.g., Birch et al., 1998), behavioral measures of visual habituation 

(Colombo et al., 2004), various psychophysiological and cardiac indices (Mozaffarian, 2005), higher-order 

problem solving (Willats et al, 1998a), standardized testing (Birch et al., 2000), and language (Innis et al., 1997).  

Measures were designed to be taken multiple times so as to provide a developmental function (Colombo, 2001b), 

and assessed at the point of maximal developmental sensitivity (Wainwright & Colombo, 2006).  In addition, 

given that our laboratory was also engaged in a similarly-powered RCT on postnatal supplementation (e.g., 

Colombo et al., 2008), we sought to harmonize measures to ultimately allow some comparison of prenatal versus 

postnatal effects. 

 

B.3.1. Status of the Current Sample 

 Our original plan was to consent 350 mothers into the supplementation study, with the aim of following a 

sample of 200 infants through to 18 months.  We have currently consented 202 mothers into the prenatal 

supplementation.  From the consented mothers, we originally projected that 60% would continue into the 

followup, and we are currently experiencing a success rate of 64%.  To this point, 102 of the infants who have 

been delivered (note: some of the 202 mothers have not yet delivered) were enrolled in the follow-up study.  Once 

infants reach the point of the follow-up study, we are experiencing very little loss (i.e., our retention rate is 96%).  

We currently have a follow-up sample in hand of 98 infants.  The breakdown of those infants and their progress in 

the longitudinal schedule as of June 2008 is shown in the following table. 

 

POSTNATAL 

ASSESSMENTS 

Number of infants completed at each 

age 

6 weeks 98 

4 months 85 

6 months 72 

9 months 54 

10 months 50 

12 months 37 

18 months 12 
 

B.4. Rationales for this Application 

 

 Although the RCT as proposed has been impeccably conducted and is progressing smoothly, we are currently 

faced with a situation in which individual infants from this very valuable cohort may be lost unless we continue to 

keep them engaged in the study.  Indeed, as the chart above shows, 12 infants have already graduated from the 

testing schedule, and the first few enrollees are in fact on track to turn 24 months this summer.  This is occurring 

because the schedule of enrollment needed to accumulate the desired sample size will (as planned for in the 

original proposal) necessitate at least three years.   As a result of this, we are still recruiting new subjects as the 

first infants recruited are aging out of the project and graduating from the longitudinal schedule.    



 We are on track to complete the projected testing to 18 months within the funded project period for R01 

HD047315, but there are two problems.  The first and most important aspect is that, as these toddlers approach the 

preschool period, they enter a time during which a number of extraordinarily interesting aspects of development 

will be emerging; these are aspects for which there is very good reason to believe that DHA has a role.  This is an 

important period of development in a number of realms, and thus provides a unique opportunity to collect critical 

and meaningful data on the long-term impact of prenatal nutrition on childhood outcomes.  A second issue is that 

it will be particularly difficult to continue following this sample into the elementary school years if we do not 

maintain and engage the cohort in some meaningful and regular manner.   By maintaining a regular testing 

schedule (which, as we argue below, represents a “best practice” in the conduct of longitudinal research), we will 

keep the sample intact and allow for continuation of the project into the elementary school years, where we will 

be able to address questions of whether prenatal DHA supplementation affects school performance and overall 

behavioral adjustment.    

 

 In this supplemental application, we propose to do this by continuing to measure these infants on a semi-

annual basis on a series of developmentally appropriate and scientifically meaningful measures from 24 through 

48 months of age.   The two rationales for this are described in detail below.  

 

B.4.1. Scientific Rationale 

 The primary motivation for many studies of the effect of DHA on cognition is the belief that DHA 

supplementation may have enduring, long-term positive effects on cognition in childhood or beyond (Colombo, 

2001b; Cheatham et al., 2008b).  To this point, supplementation studies have been conducted in infancy, and the 

results of these have been generally promising (McCann & Ames, 2006), including those of specific abilities (and, 

in particular, those presented at 2008 meetings at ISSFAL in Kansas City; e.g., Colombo et al., 2008; Cheatham et 

al., 2008a).  To this point, the infancy studies have served as surrogates or preliminaries for studies that address 

the fundamental underlying question of whether such supplementation affects variables that reflect actual 

adaptive, functional outcomes in childhood:  higher-order cognition, mature intelligence (see Auestad et al., 2003; 

Birch et al., 2007), literacy and reading, school readiness, and adaptive function.   The current cohort is about to 

move into those ages (i.e., late toddlerhood and early preschool) where it is actually possible to begin to address 

these questions by administering tasks and assessments that reflect these constructs directly.  The extant literature 

on the effects of DHA on attention and other cognitive components has led many scientists to believe that DHA 

may also have a role in these higher-order abilities, and relate to school readiness, and functional abilities such as 

emotional/self-regulation and adaptive skills.  A supplement to maintain this sample into the preschool years will 

allow us to test for these relations directly.  

 

 Part of the rationale for studying these abilities lies with the potential effects of DHA on the brain areas that 

mediate these higher-order skills and abilities.  There is considerable evidence that suggest that DHA is present in 

the frontal areas of the brain (Salem et al., 2001) and is implicated in frontally-based behaviors (Greiner et al., 

1999; Moriguchi et al., 2000).  This strongly implies that this fatty acid has a role in mediating the meaningful 

higher-order cognitive, regulatory, and motivational constructs that emerge during the preschool period, and 

contributes to outcomes that are relevant to school and global functioning in childhood.   

 

 We consider four distinct areas of development that can be plausibly linked to DHA that are unambiguously 

accessible during the third and fourth years of life, which we propose to study through this supplement to the 

original project. 

 

 B.4.1.1.  Higher-Order Cognitive Abilities (“Executive Function”).   Specific fundamental cognitive 

functions emerge predictably at different points during the first year, most likely as a manifestation of maturation 

of particular brain areas (e.g., Colombo, 2001).  For example, a young infant may be able to attend, to hold certain 

information in working storage, and to execute certain motor responses.  However, as the infant enters the second 

year and continuing through the preschool period, these fundamental functions (e.g., attention, memory, motor 

response systems) (Colombo & Cheatham, 2006).  This integration and coordination allows the toddler to be 



capable of far more complex cognitive feats than those of the infant.  For example, means-ends behavior (Moore 

& Meltzoff, 1999; Willatts, 1999) is the simplest of these; here, the child has the ability to hold a goal in working 

memory while coordinating attention and an appropriate motor response in order to attain a goal, or solve a 

problem.  Other examples of this integrated cognition showing the emergent ability to use perceptually-based 

information about stimulus categories and integrate them with semantic networks that contribute to language 

(Booth & Waxman, 2002; Gopnik & Meltzoff, 1984; Waxman & Braun, 2005) also serve to support this point.  

Many of the tasks and abilities that are driven by this integrated cognitive function are characterized as “executive 

function,” and it is widely believed that these abilities contribute to adaptive functioning (Roberts & Pennington, 

1996) and are relevant to behavior problems, such as ADD/ADHD (Barkley, 1997, 2001).   

 

 It is widely believed that these integrative abilities are mediated by the development of the frontal lobes of the 

brain (Kane & Engle, 2002).   The frontal lobes serve to foster cross-communication and coordination among 

areas subserving lower-order functions (Desimone & Duncan, 1995; Miller & Cohen, 2001; Thompson et al., 

2005).  The frontal areas of the brain are among the latest to develop, and the time course of their maturation 

coincides exactly with the emergence of these behaviors (Bell & Wolfe, 2007).    

  

 B.4.1.2.  Emergent Literacy/Language Processing.   Another critical area of interest involves the 

development of skills that represent the precursors of literacy.  Generally, these precursors involve the basic 

aspects of language processing, and the primary and fundamental skills that are essential to the development of 

reading.  These skills represent the construct of preliteracy, which is considered to be one of the major indicators 

of “school readiness” for preschoolers the US. 

 

 There is already evidence from the literature in infancy for the effects of DHA on language processing.  Innis 

et al. (2001) studied 83 infants who were exclusively breast-fed for at least 3 months.  Among the measures they 

collected was infants’ performance on discrimination of speech sounds that are not present in the infants’ native 

environments.   The discrimination of such non-native speech is typically lost between 6 and 8 months of age, as a 

function of reduced plasticity in the language processing system.  However, higher DHA levels in both erythrocite 

DHA and plasma phospholipid DHA levels measured at 2 months of age were positively related to infants’ ability 

to discriminate these nonnative retroflex and phonetic speech tokens at 9 months of age.   

 

 In a more recent study, Lindmark and Clough (2007) investigated the effects of a DHA-rich fish-oil 

supplement on various tasks in a group of 20 children who had been formally diagnosed as dyslexic.  The children 

were assessed at study intake and after 6, 12, and 20 weeks of supplementation.  Although this particular study 

was not well-controlled, of special interest here was the use of measures that are diagnostic of reading and 

language disabilities, and the fact that there appear to have been significant gains on those measures across a time 

period during which one would not typically expect spontaneous or spurious improvement.  Remarkable gains 

were observed for word decoding (speed of reading: 60%) and letter decoding (motoric-perceptual speed: 23%), 

and parents reported that the gains appeared to extend to generalized school achievement.  The mechanisms 

through which DHA might lead to improvements in reading performance are unclear; individuals who have 

difficulty in reading typically share deficits in the decoding of the phonological aspects of language, as well as 

deficits in decoding visual input that is necessary for fluency in reading.   Thus, difficulties in emergent literacy 

might be mediated by either simple visual mechanisms or more complex central ones.  In one study of dyslexics 

supplemented with a DHA-rich fish oil, Stordy (2000) reported evidence for both mechanisms.  Dyslexics 

supplemented for 1 month showed significant improvements in dark adaptation; after 4 months of 

supplementation, evidence for amelioration of the centrally-mediated motor difficulties (see Casebolt et al., 2002) 

that accompany dyslexia was also seen. 

 

 B.4.1.3.  Adaptive Self-Regulation.   Arousal and activation are generally considered to be behavioral 

components that are mediated by lower-order brain systems, such as the brainstem ascending pathways (e.g., 

Robbins & Everitt, 1995). There has been a considerable history linking the omega-3 fatty acids, and particularly 

DHA, to various neuropsychiatric disorders (see Young & Conquer, 2005, for a review), most notably disorders 



involving mood and affect (Kidd, 2007; Stahl et al., 2008), and more recently disorders of attention (Richardson, 

2006).   

 

 Within this context, DHA supplementation was initially considered as an intervention for ameliorating the 

symptomatology of these two types of disorders.   Consistent with much of the extant literature on DHA as an 

intervention, the findings are mixed between beneficial and null effects for both depression (Stahl et al., 2008) 

and attention deficit disorder (ADD) or attention-deficit hyperactivity disorder (ADHD) (Hirayama et al., 2004; 

Sorgi et al., 2007; Stevens et al., 1996; Voigt et al., 2001; for reviews, see Richardson, 2006; Richardson & Puri, 

2000).  However, a consideration of the core functions leading to the symptomatology of these disorders provides 

a broader perspective on the the putative role of LC-PUFAs and DHA in the regulation of behavior.  For example, 

the disorders of ADD/ADHD are largely considered to be attributable to deficits in self-regulation (see Barkley, 

1997, 2000), which is itself another general function associated with the development of frontal lobe function.  In 

this vein, it is possible to reconceptualize the role of DHA as one that serves to regulate emotion and behavioral 

activation, which would plausibly account for its relation to both disorders of mood and inhibition.  This 

framework has been posited by Hibbeln et al. (2006).  These authors suggest that early nutritional deficiencies in 

LC-PUFAs may alter set-points for various neurotransmitter systems, which in turn results in a cascade of neural 

events that ultimately results in impaired regulatory function by frontal lobe systems.  Their model also features 

lower-order dysregulation of sympathetic responses to stress, which can be manifest as, for example, decreased 

heart rate (HR) variability.  A similar model, in which early DHA deficiencies produce fundamental changes in 

neurotransmitter and brain structure that give rise to a broad matrix of symptoms in the domains of anxiety, 

aggression, and depression, is proposed by McNamara & Carlson (2006).   

 

 If even part of these models are accurate, we should see empirical associations between DHA and a broad 

variety of behavioral phenomena beyond disorders of attention and mood.  Indeed, these models predict that DHA 

would be implicated in many processes where self-regulation or dysregulation is involved, including aggression, 

emotional regulation, and response to stress.  Indeed, even a quick perusal of the extant literature indicates that 

there is considerable evidence for all of these.   

 

 For example, in an evaluation of the effects of LC-PUFAs on ADHD, Richardson and Puri (2002) used the 

Conners rating scales (e.g., Goyette et al., 1978).  Although group comparisons showed an advantage for active 

treatment over placebo for all components of the Conners rating scales, the differences reached significance for 

three specific but yet widely discrepant subscales:  inattention, anxiety/withdrawal, and disruptive behaviour.  

Thus, LC-PUFA supplementation reduced distractibility and improved focus,  reduced disruptive behavior (i.e., 

increased regulation of behavior), but also improved participants’ regulation of socioemotional stress.  Hamazaki 

and colleagues provides a series of studies showing DHA as effective across the domains of aggression and 

responses to stress.  For example, Hamazaki et al. (1996, 2004) show DHA supplementation reducing aggression 

in varying groups of people, although this reduction is most evident under conditions where participants are 

observed in relatively stressful conditions (Hamazaki et al., 1998; 2002).  Sawazaki et al. (1999) and Hamazaki et 

al. (1999) showed that DHA directly mediates the response to stress in both human and animal populations.   

Thus, DHA can be conceptualized as improving self-regulation within the context of social interchanges (i.e., 

reduced aggression), and in the regulation of stress. 

 

 Buydens-Branchey et al. (2008) observed relatively strong correlations between an increase in plasma DHA 

and lower anger scores in a group of individuals engaged in a substance-abuse rehabilitation program.  Finally, 

Irribarren et al. (2004) observed results that link high dietary intake of DHA and consumption of fish rich in n-3 

fatty acids with lower hostility in young adults. 

 

 B.4.1.4.  Intelligence.  The discussion of the possible effects of DHA on overall intellectual development 

have bee broadly discussed (Colombo, 2001; Cheatham et al., 2006).  Measures of IQ reflect a mixture of indices 

that are thought to reflect underlying “native” cognitive ability and to also represent “developed” or “acquired” 

ability (i.e., the individual’s ability to profit from learning opportunities).  There have been two studies of the 



effect of postnatal DHA supplementation in infancy on overall intelligence and its associated subscales.  One 

conducted on IQ in the preschool period with low levels of DHA (Auestad et al., 2003) showed no effects; 

another conducted on IQ during early elementary with higher levels of DHA (Birch et al., 2007) ages showed 

positive effects.  There have been no studies of the effects of prenatal supplementation on IQ; this would be the 

first.   

 

B.4.2. Longitudinal Rationale 

 A second rationale for the continued testing of participants from this cohort comes from the desire to maintain 

the sample for continuation into the elementary and school-age years.   As noted above, widespread interest in the 

effects of DHA on child cognitive and intellectual development has led to the notion that DHA supplementation 

might well affect school performance and achievement.  The ultimate direct evaluation of whether that is true will 

necessitate testing at elementary school ages, and the existence of this cohort allows an exceptional opportunity 

for such a test.  It might also be noted that basic intellectual abilities, as reflected by IQ, generally settles into a 

stable trait at ages 7-9, from which individual differences remain essentially constant through adulthood (see 

Blaga et al., 2008; Colombo et al., 2008a,b).  As such, we recognize that the cohort from this RCT is extremely 

valuable, and we propose steps to retain it for these future tests.  This supplement will allow us to maintain 

meaningful contact with the cohort and allow for testing into the elementary school years in the continuation of 

this project.   If we lose this cohort, however, such a test becomes improbable.   

 

 If we stop testing at 18 months, the first members of the sample will not be seen for over 3 years if we attempt 

to re-engage the sample when the grant is continued (these children would be 5.5 years old at that point).  There is 

a sizeable literature on the science of longitudinal testing and retention, and that literature suggests that such a gap 

in testing would bode poorly for such a continuation.  Obviously, the efficient and successful retention of 

longitudinal participants in research protocols over extended periods obviates or reduces issues of missing data 

(Menard, 1991) or selective attrition (e.g., Capaldi & Patterson, 1987; Oskamp et al., 1978; Winefield et al., 

1990).  As noted above, the topic of retention of participants in longitudinal studies has generated a considerable 

research literature on its own (e.g., Black & Holden, 1995; Elias & Robbins, 1991; Farrington, 1991; Julien et al., 

1992; Menard, 1991; Vander-Stoep, 1999).  Among the strategies that have been shown to improve retention in 

longitudinal studies are the fostering of strong relationships with participants (Bootsmiller et al., 1998; Young & 

Dombrowski, 1989; Given et al., 1990), staff persistence in establishing and maintaining contact with participants 

(Hartsough et al., 1996; Hough et al., 1996), the development of efficient and multilayered strategies for tracking 

of individuals (Ellickson et al., 1988; Ribisl et al., 1996), and the development of individualized materials to 

explain and justify the study to participants (Capaldi & Patterson, 1987; Ribisl et al., 1996).  All these steps have 

been used to some degree to maintain the current RCT.  However, the extant literature on longitudinal retention is 

uniformly consistent in indicating that the maintenance of regular contacts with participants is the most important 

step in maintaining longitudinal cohorts (Bootsmiller et al., 1998; Young & Dombrowski, 1989; Given et al., 

1990).   

 

B.5.  Summary 

 

 To this point, we have sought to justify this supplemental application by explicating the role of DHA in 

cognitive development and the plausibility of a prenatal supplement, reviewing the state of the current RCT, and 

providing a rationale for testing the extant sample beyond 18 months based on (a) the importance of obtaining 

measures of higher-order cognition and adaptive/functional measures, and (b) the importance of maintaining the 

coherence of the cohort for future longitudinal study.  In the next section, we outline the credentials of the team to 

carry out the proposed assessments, and provide additional data on the effects of DHA from a more recent RCT 

on postnatal supplementation to bolster the evidence of the effectiveness of DHA on cognitive components.   

 
 

 

 



C. PRELIMINARY STUDIES 

 

C.1. Principal Investigators’ Expertise in Longitudinal Research 

 

 Drs. Carlson and Colombo have well-developed research programs and a extensive experience with 

longitudinal studies.   They have worked together since 1993 and have published papers on infant followups from 

one previous RCT (Colombo et al., 2004a; Kannass et al., 2008).  At the current time, they collaborate on two 

RCTs on maternal-infant outcomes as a function of DHA supplementation at the KUMC laboratory.  The NIH-

funded RCT on prenatal supplementation on which this application is based is one of these; another is an 

industry-funded RCT on postnatal supplementation that is currently ongoing and is following a cohort out to age 

7.  In addition, Colombo is collaborating on a third RCT (NIH R01 HD41184) on the effects of zinc 

supplementation on early cognition in Lima, Peru with Drs. Laura Caulfield (Johns Hopkins University) and 

Nelly Zavaleta (Instituto Investigaciones Nutritional). 

 

 Prior to these collaborative efforts, both PIs have long independent histories of longitudinal research in their 

own rights.  Carlson has studied the effects of LC-PUFAs on preterm and term infants and in pregnancy, and 

outcomes such as  visual acuity, and some cognitive outcomes in young infants (e.g., Carlson et al., 1991, 1993, 

1994, 1996a,b,c; Smuts et al., 2003a,b; Werkman & Carlson, 1996).  Colombo has conducted longitudinal 

research on the psychometrics and predictive validity of various measures of infant cognition over the last 20 

years (e.g., Blaga et al., 2008; Colombo et al., 1987a,b, 1988, 1989, 2002, Moss et al., 1989; Saxon et al., 1996, 

1997), most recently a longitudinal study of over 200 infants measured intensively over the first year, and then out 

to preschool age to determine whether particular patterns of change in attention relate to preschool IQ and 

language performance (Colombo et al., 2004b, 2008a,b).  That particular study was marked by a retention rate of 

nearly 80% over a 3 year period, through the implementation of various efforts to maintain the sample (infant t-

shirts, newsletters, frequent mailings, provision of individualized reports, and open email channels for parents to 

request information and/or advice).  

 

C.2.  New Data on DHA effects on Cognitive Outcomes  

 

 Although the current prenatal-supplementation RCT is still blinded and no outcomes are available from the 

study yet, the other, industry-funded postnatal supplementation RCT was unblinded and findings from that study 

were recently presented at the 2008 ISSFAL meetings in Kansas City.   In that RCT, we are attempting to 

determine whether dietary supplementation in infancy with varying levels of DHA is related to basic 

psychophysiological indices and heart-rate (HR) 

defined measures of visual attention across the first 

year of life.  Here, Infants were randomly assigned to 

formulae containing 0% DHA, 0.33% DHA, 0.67% 

DHA, or 1% DHA from birth to 12 months of age.  

They have been tested through to 18 months in various 

tasks, but the available data are from the visual 

habituation protocol (a common assay for visual 

learning in human infants; see Colombo et al., 2004a) 

at 4, 6, and 9 months of age. HR was measured 

simultaneously with visual responses in the protocol 

(see Colombo et al., 2001), as this provides a means for 

discriminating different types of attention from simple 

visual responses (Colombo, 2002; Richards & Casey, 

1992).  Specifically, HR deceleration during looking 

(see accompanying figure above) is characterized as 

sustained attention (SA), and is thought to reflect the most active phases of infants’ encoding and learning 

(Richards & Casey, 1992).   

HR-Defined Phases of Attention
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 We were able to gather a relatively large longitudinal 

sample (ns=102, 103, and 84 respectively at 4, 6, and 9 

months), and subject the data to mixed-model techniques 

that utilize all the available data from the longitudinal 

design.  As expected, infants’ HR declined across ages 

(all but one Age effect attained p<.001 levels of 

significance).  Of some interest were the physiological 

effects of DHA; infants assigned to consume formula 

with any level of DHA showed consistently lower HR (by 

approximately 5 bpm) than infants assigned to the 

unsupplemented (i.e., 0% DHA condition).   This effect 

emerged in the analysis at each age, and in the analysis of 

each phase of the habituation paradigm (see figure at left), 

with all Group effects attaining at least p<.002 levels of 

significance.   

 

 Of particular relevance to the consideration of later cognition was the fact that infants fed DHA-supplemented 

diets also showed higher proportions of their time in the phase of Sustained Attention than infants assigned to the 

0.00% DHA condition (Group effect, p=.025); again, there was no dose-response, and the three groups receiving 

any DHA  performed equivalently, and each was different from the unsupplemented (0.00%) condition.  The 

means for sustained attention (collapsed across age) 

are shown in the accompanying figure at right.  

Thus, supplementation increased the proportion of 

sustained attention during the first year.   This is 

significant, because recent analyses from our other 

longitudinal work (Colombo et al., 2004b, 2008b) 

suggests that a profile in which sustained attention 

remains high which implies efficient processing and 

has been associated with improved preschool 

cognitive and language performance.  Thus, these 

data again show considerable promise for the 

efficacy of DHA, and for the production of 

enduring, long-term effects that we anticipate being 

able to demonstrate with the tasks administered with 

this supplemental application. 

 

 

D.  RESEARCH DESIGN AND METHODS 

 

D.1.  Design 

 

 The proposed supplemental measures are added to the randomized, double-blind, placebo-controlled Phase III 

Clinical Trial as described in R01 HD047315.  In that RCT, enrolled patients are randomized to consume either 

capsules of an algal oil as a source of DHA or soybean oil (which does not contain DHA). Capsules are provided 

for consumption of two capsules daily across the second and third trimesters of pregnancy; the experimental 

group received 600 mg of DHA per day.  The placebo group receives the same amount of soybean oil with 120 

mg α-linolenic acid (a precursor of DHA) per day, and intake is evaluated monthly during the second and third 

trimester of pregnancy.  

 

 After enrollment, participants are contacted by telephone every four weeks until delivery and asked about 

their capsule consumption and spontaneous reports of adverse experiences were recorded.  They are reminded at 
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that time of additional capsules being mailed to them, of the need to return any unused capsules from the previous 

month; these returned capsules are sent to the Investigational Pharmacy where they are counted, recorded, and 

destroyed.  At delivery, study assessment data are collected for patients and their infants.   

 

 Enrollment has been taking place on a continuous basis. We anticipated that enrollment would require 3 

years; our current analyses suggest that it will take approximately 3.5 years. We are on track to meet our projected 

total of enrolling 350 consented patients (175 per treatment group) in order to obtain 260-280 patients (~130-140 

per group) with data that can be evaluated.   

 

D.2. Study population 

 

 Women are being enrolled if they are 16 to 31 years of age and are in their 8th to 20th week of gestation (based 

upon dates or ultrasound).  Inclusion and exclusion criteria are similar to a previous trial (Smuts et al., 2003a) and 

are illustrated in the table below.  

 

Inclusion Criteria 

1 Pregnant females 16.0-35.0 years of age (inclusive) at 8-20 weeks gestation at enrollment (date/ultrasound)  

2 Agree to consume study capsules from enrollment until delivery 

3 Agree to return to the study center for delivery 

4 BMI < 40 

5 No serious illnesses (e.g., cancer, diabetes, lupus, hepatitis, sexually transmitted diseases, 

not HIV positive) 

6 Available by telephone 

Exclusion Criteria 

1 Less than 16 or greater than 35 years of age 

2 BMI < 40 

3 Serious illness such as cancer, lupus, hepatitis, sexually transmitted disease or HIV 

positive  

4 Expecting multiple infants 

5 Diabetes or gestational diabetes at baseline 

6 Elevated blood pressure due to any cause 

7 Not planning to return to the study center for delivery 

8 Gestational age at baseline < 8 weeks or >20 weeks 

9 Unable or unwilling to agree to consume capsules until delivery 

10 Unable to provide informed consent in English 
  

D.2.1.  Sample Projections and Realizations  

 Projections.  Of the estimated 350 evaluable patients we intend to consent at delivery and who remain eligible 

to continue in the followup, we had anticipated having about 200 mothers continue in the postnatal follow-up.  

Based on our past experience with this population (Colombo et al., 2004a; Colombo et al., 2004b), we had 

expected 50% attrition by the end of the postnatal follow-up, which we projected would allow us to finish the 

study with at least 100 children across the two study groups.   

 Realizations.  Although recruitment is occurring somewhat slower than we had anticipated (we will likely 

need to recruit for 3.5 years, rather than 3.0 years), retention in the current trial has been excellent and has actually 

exceeded our projections.  The target sample size for the trial was 350 women; we have experienced only 

approximately l6% dropout during the prenatal phase and thus estimate that 294 women will complete the 

prenatal phase and enroll their infants in the postnatal phase. However, we are currently experiencing less than 



10% attrition through 18 months of the postnatal followup (i.e., we have lost 4 of 98 postnatal enrollees to this 

point).  While the original projections were designed to allow for sufficient power for the postnatal follow-up 

studies through 18 months (see section D.7. below), the current attrition rate essentially guarantees that the 

extended followup will be powered appropriately. We now expect that at least 200 participants (i.e., at least 100 

per group) will complete the current trial to 18 months. This is double the expected sample size that we originally 

projected, and this will provide excellent power for a continuation, as we estimate power of .95 to detect even a 

modest effect size. 

 

D.3. Study Product, Randomization and Records of Product Use 

D.3.1.  Study product 

 The experimental group receives capsules containing a marine algal oil source of DHA (DHASCO, Martek 

Biosciences, Columbia, MD) that has been recognized as GRAS for US infant formulas and that is self-affirmed 

GRAS for food. The placebo group receives capsules containing soybean oil. Both capsules are prepared and 

provided without cost by Martek Biosciences, Columbia, MD.  The capsules are provided in bottles of 60 

capsules (a 30-day supply).  The algal oil provides 600 mg DHA/2 capsules or 600 mg/day; soybean oil does not 

contain DHA but 2 capsules provide 120 mg of alpha-linolenic acid, a precursor of DHA that is also found in 

gram quantities in the usual American diet. Bottles are marked with an expiration date. Other fatty acids found in 

the capsules are routinely found in the diets of US women. All capsule bottles are sent directly to the University 

of Kansas Medical Center Investigational Pharmacy, which maintain packing receipts for study products.   

 

D.3.2. Study randomization.  

 A study randomization schedule is generated by the Investigational Pharmacy, and each capsule bottle is 

labeled with the patient’s name and unique study number. Only the Investigational Pharmacy and the Data Safety 

Monitoring Board (DSMB) has access to the individual assignments until the final data (i.e., the 18-month 

assessment, as this represents the end of the original RCT) are cleaned and locked pending statistical analysis.  

The medical monitor has the authority to request the assignment of individuals from the Investigational Pharmacy 

if it is needed for ongoing safety monitoring. 

 

D.3.3.  Study product records 

 The Investigational Pharmacy mails capsules to the subjects each month; the bottles and any remaining 

capsules from the previous month are returned by mail to the study coordinator, who transfers the envelope 

containing the bottle unopened to the Investigational Pharmacy, the capsules remaining counted, the number 

remaining recorded and destroyed. Records of capsules mailed to and received back from subjects and destroyed 

are also maintained there. The PI, the study site staff, and participants do not know which capsules are being 

consumed by each patient. The Investigational Pharmacy informs the PI and staff if an individual person returns 

more than 15 capsules in a given month, and study personnel then contact the subject by telephone to determine if 

there are any problems with the capsules, and encourage compliance as appropriate. 

 

D.4.  Data collection and monitoring 

 

 The study is being conducted in accordance with Good Clinical Practices (GCP) (ICH Guidelines, 2002) and 

the appropriate regulatory requirement(s).  Essential clinical documents are maintained to demonstrate the validity 

of the study and the integrity of the data collected.  One hundred percent of all primary outcome data and safety 

results and a proportion of other data collected are being monitored by an external data monitor before data entry. 

The proportion is determined by the data monitoring group, based on the actual incidence of errors observed in 

data entry.  Additional data checks are made after data entry by the project statistician, Dr. Byron Gajewski, using 

established procedures for identifying potential errors. Master files are established at the beginning of the study, 

maintained for the duration of the trial, and retained according to the appropriate regulations.   

 



 A case report form (CRF, Appendix D) is completed for each study patient enrolled. The PI is entrusted with 

the responsibility to ensure the accuracy, completeness, legibility and timeliness of the data reported in the 

patient’s CRF.  Source documentation supporting the case report form data indicates the patient’s participation in 

the trial and document the dates and details of study procedures, adverse events and patient status.   

 

 Case report forms are filled out with a black ball-point pen or typed; corrections to the form do not obscure 

the original entry.  Each correction, addition or deletion is initialed and dated by the investigator or investigator’s 

designated representative.  The PI signs and dates the Investigator’s Statement at the end of the CRF to endorse 

the recorded data. The PI maintains all study records according to GCPs.  Records are retained for at least two 

years after the study in completed by the site.  

 

D.5. Adverse events and safety monitoring 

 
D.5.1.  Definitions  

 An adverse event (AE) is any reaction, side effect or other undesirable event that occurs in conjunction with 

the use of the test product, whether or not the event is considered related to the test product. This includes new 

and worsening signs and symptoms of underlying or emerging disease or any patient complaint.  Signs and 

symptoms considered normal for pregnant or delivering patients (headache, lower back pain or backache, 

abdominal pain, abdominal cramps and nausea) 

are considered to be expected adverse events.  Serious adverse event (SAE) include death, a life-threatening 

event, inpatient hospitalization or prolonging of an existing hospitalization, a persistent or significant 

disability/incapacity, or a congenital anomaly/birth defect.  
 

 Important medical events may be considered an SAE when (based upon appropriate medical judgment) they 

jeopardize the patient and may require medical or surgical intervention to prevent one of the outcomes listed 

above. Definitions of mild, moderate, and severe AEs are as described in the original protocol, as are the 

categorization of AEs as expected or unexpected and not related, remote, possible, probable, or definite in terms 

of their relationship to the product. SAEs are reported to the University of Kansas Medical Center IRB, the 

University of Missouri, Kansas City Adult IRB, the medical monitor (Dr. Michael Georgieff) the DSMB, and 

Martek Bioscience when discovered.  

  

D.5.2.  Safety monitoring.   

 A KUMC DSMB and consultants (one obstetrician, one neonatologist and one statistician) are in charge of 

safety monitoring a do twice yearly reviews. The consultant neonatologist (Dr. Georgieff) also acts as the medical 

monitor.  

 

D.5.3.  Study evaluations 

 The incidence of adverse experiences serves as the primary safety endpoint.  Adverse event(s) will be 

collected as spontaneous reports by the patient for the duration of study participation. Adverse events will be 

reported during hospitalization for the infant delivery and any other pre-delivery hospitalizations (i.e., for pre-

term labor).  At delivery, adverse events will be collected until hospital discharge for the study patient and her 

infant(s).   

 

D.5.4. Efficacy endpoints.   

  The primary efficacy endpoints for pregnancy outcomes are: gestational age of the infant at delivery (days), 

birth weight of the infant at delivery (grams), length of the infant at delivery (cm), incidence of pre-term delivery 

(<37 weeks), and prevalence of low infant birth weight (<2,500 grams).  The secondary efficacy endpoints is 

incidence of pre-eclampsia or eclampsia and gestational diabetes. 

 

 

 



D.6. Determination of DHA Levels, Anthropometrics, Diet Histories and Medical Records 

 

Maternal DHA levels are determined by blood draws at baseline and at delivery in the KUDOS trial. Infant DHA 

levels are determined from cord blood samples and by blood draw at 4 months of age. These data will be made 

available for use in the proposed study analyses. In addition, background diet DHA will be determined from 24-

hour diet recalls conducted at each visit. The 24-hour recall method is easy to administer and minimizes subject 

burden. Multiple 24-hour dietary recalls have been shown to represent usual dietary intakes (Smiciklas-Wright, 

1995) and have been validated in infants and preschool children (Klesges et al., 1987; Dop et al., 1994; Horst et 

al., 1988). They have been used as the “gold standard” for developing new methods such as food frequency 

questionnaires for infants/toddlers (Blum et al., 1999; Parish et al., 2003).  

 

     Personnel who will collect the diet recall information will be trained by Dr. Debra Sullivan to conduct 

standardized, structured interviews using neutral probing questions (Tillotson et al.1986). Dr. Sullivan has trained 

research staff to conduct multiple-pass 24-hour recalls from adults and children in numerous studies 

(DIHDH49181, DK58385, DK61489, Dairy Management, Inc., Sunflower Foundation, and our ongoing study of 

postnatal DHA and development). Intra-class correlations for dietary recalls among the research staff she 

supervises is consistently greater than 0.97. Parents/caregivers have been documented to be accurate reporters of 

their young children’s dietary intake (Klesges et al., 1987; Basch et al., 1990). To promote accurate estimation of 

portion sizes, interviewers will use three-dimensional food models. Use of neutral probing questions and food 

models has been documented to decrease errors in dietary recalls (Gibson, 1990). Nutrient intake (including 

DHA) will be determined using the Nutrition Data System for Research (version 5.0_35, University of Minnesota, 

Minneapolis, MN) software. All interviewers will undergo two days of training by Dr. Sullivan on standardized 

dietary interview and computer coding methodology. After the training, they will be required to complete ten 24-

hour dietary recalls on non-study subjects and directly enter the recalls into the nutrient database. The recalls will 

be evaluated according to a published dietary recall documentation checklist (Tillotson et al., 1986). An error rate 

of less than 6% on the recall documentation checklist and the computer coding will be required before 

interviewers can begin interviewing study subjects. During the study, all dietary recalls will be evaluated by the 

recall documentation checklist before entry into the study database. Any recall with greater than 6% error will be 

eliminated and another subject recall obtained.    

 

Weight and length will be obtained at 6 mo intervals from 2- 6 y by a registered dietitian trained 

to do these standardized assessments.  Birth weight and length will be obtained from the child’s birth 

records.  Body weight is recorded to the nearest 0.1 kg on an electronic scale with the child wearing 

light clothing (and dry diaper, if relevant).  Statue is measured without shoes to the nearest 0.1 cm on a 

stadiometer from 2-6 y.   

 
Starting with the 4-year visit and for every visit thereafter, children’s blood pressure and heart rate will be 

assessed.  Children are wheeled on a rolling chair from the testing room down the hall to the 

anthropometrics room. We will measure child BP using an automated system (GE Carescape V100) and 

employ the cuff size recommended for the child’s arm circumference.  BP is measured in triplicate when 

the child has been sitting for 5 minutes. Blood pressure is taken 3 times at each age and results averaged. 
 

As part of each visit, parents will be asked to provide information about the health of their child since the last 

visit, including any illnesses. We will also obtain medical records following yearly visits (2, 3, 4, 5 and 6 years of 

age) to assess illnesses. 

D.7. New Postnatal Behavioral Outcomes 

 

 The testing schedule and list of variables collected in the original RCT are listed in tables in section B.3. of 

the Background and Significance section.   Collection and processing of biological samples and details 

concerning isolation of phospholipids are described in the original protocol.  



 

 The fundamental purpose of this supplement is the addition of a series of measures to this project that follow 

infants beyond 18 months.  We have previously provided a theoretical rationale for the inclusion of each of these 

types of measures in Section B.4.1. In the following paragraphs, we outline the specific measures to be used, the 

information they provide, and the ages of assessment.   

 

D.7.1.   Higher-Order Cognition Measures 

 These measures represent the more complex types of cognitive function that emerge during the late toddler 

and early preschool periods.  It is worth noting that we have included all of these tasks in other prior observational 

or experimental studies in our laboratory with children of the ages proposed.  As such, our laboratory has 

extensive experience with the administration of these tasks, the coding schemes that they require, the time 

necessary to run them, and the data that they generate. 

 

 D.7.1.1. Explicit Memory Tasks (2 and 2.5 year visits; 20 min for assessment at each age).  Explicit memory 

abilities at these ages is typically assessed using elicited-imitation tasks.   In these tasks, children are presented 

with objects that are combined in a sequenced order to produce a product and final behavioral action or response 

(Bauer, 2000).  The tasks proposed here have been used in our laboratory for several years now, and involve four 

actions, which the literature (e.g., Wenner & Bauer, 1999) suggests is appropriate for these ages.   The tasks 

conform to a typical script:  the child is given objects for the task and is allowed to manipulate them for some 

time (here, 2 minutes) so that the novelty of the items does not interfere with the performance of the task at hand.  

Then, the experimenter demonstrates the desired sequence for the child twice.   The child is then asked to repeat 

the sequence immediately, after a 30 minute delay, or at a 6-month delay (e.g., the task assessed at 24 months is 

reassessed at 30 months).   The child is given a 2-minute window to reconstruct the steps and repeat the task.   

Two novel events are assessed at each of the visits; as noted above, the 2.5 year visit includes a brief assessment 

of the 2 year sequences as well. The child’s performance is quantified by coding the number of desired actions 

produced (there are 4 possible actions) and the number of desired pairs of actions produced in the correct order 

(this has a maximum score of 3).  The latter score controls for the child’s repetition of an action simply as a 

function of trial and error.  

 

 D.7.1.2.  Spatial Memory Tasks.  (2 and 2.5 year visits; 12 min for assessment at each age)  Participants’ 

spatial memory is assessed in a task similar to the “sandbox” task that has been used successfully in the past with 

young children (Spencer et al., 2001).  Here, small plastic toys hidden are hidden in a 60” long x 16” wide x 8” 

deep box filled with dry lentils.  The task begins with three practice trials in which the toy is partially buried and 

found by the child.  To start the actual task, the toy is completely buried (with the child watching) at one location 

(Location A).  The child’s attention is distracted and held away from the display for a consistent interval by 

clapping and counting to 3.  The child is then permitted to search for the buried object. After 3 successive 

retrievals from the first location (A), the toy is buried at a different location (B) for two successive trials.  After a 

10-second delay (clapping and counting), the child is allowed to search.  After the child retrieves the toy the 

second time, the protocol is repeated by then hiding/burying the object at the original location (A).  During 

testing, researchers remove cues to the location of the object by smoothing the substrate surface.  The task is 

adjusted in difficulty at the two ages by moving the two hiding locations closer together at the older ages: at the 2-

year visit, the locations are separated by 12” and then by 9” at the 2.5 year session.   A camera positioned above 

the box records the child’s responses and is facilitated by a tape measure tacked along the edge of the box.  The 

primary dependent variable (i.e., accuracy of spatial memory) is the distance of the participant’s first touch of the 

substrate surface from the actual location of the stimulus.  

 

 D.7.1.3. Distractibility (2 and 2.5 year sessions; 15 min for assessment at each age).  Here, the child is given 

an object to play with that presents a task for the child to accomplish or a problem to solve.  While executing the 

task or problem, we attempt to distract the child by activating a television clip in the child’s peripheral vision.  

These tasks have been used in our laboratory since 2002; attentional performance here is related to inhibition, 

planning, memory, and attention span, and are linked directly with the frontal brain functions (Colombo & 



Cheatham, 2006).  In addition, they have previously been shown to be sensitive to DHA status (Colombo et al., 

2004a; Kannass, Colombo, & Carlson, 2008). This session employs four 3-minute periods in which the child is 

given a different interesting and developmentally appropriate toy (e.g., building blocks, puzzles). Videotaped 

distractors are presented on a 26” television monitor placed at a 45° angle and 1m in distance from the child.  The 

distractors are separated by random lengths of time (varying from 5 to 25 seconds) and are composed of both the 

visual and auditory tracks of Sesame Street clips.  Videotapes are coded for three variables: (a) the proportion of 

times the child turns to the distractor, (b) the latency to turn, and (c) the length of time before returning attention 

to block/puzzle with which the child was originally playing.  In addition, we code for the quality of participants’ 

attention (“focused” versus “casual”; see, e.g., Ruff & Lawson, 1990) based on the quality of motor actions and 

facial expression, as better performance on this distraction task is typically observed under conditions of a more 

focused attentional state. 

 

    D.7.1.4. Counting Tasks (2, 2.5, 3.5, 4.5, and 5.5 year sessions; 15 min for assessment at each age).  Several 

tasks will be used to assess the children’s concept of number and counting ability. 

 

 Simple Count.  Children will be asked to count on their own, without the aid of any objects.  If a child pauses 

or loses his/her spot, the experimenter will prompt with the next number to see if the child can pick up where 

he/she left off.  The dependent measure is the highest number reached with one or fewer prompts. 

 

 Counting Alone/Counting with Experimenter.  For these tasks the children will be shown numerous blocks 

and a container.  The children will first be asked to count the blocks while the experimenter puts them into the 

container.  Next the children will be asked to count the blocks while they put them into the container themselves.  

If a child pauses or loses his/her spot, the experimenter will prompt with the next number to see if the child can 

pick up where he/she left off.  The dependent measure is the highest number reached with one or fewer prompts 

for each task. 

 

 More/Less.  Children will be shown a Bear puppet and a Dragon puppet.  It will be explained that they each 

have different numbers of apples and we want to know who has more apples.  Ten trials will be administered 

where a card with a different number of apples will be placed in front of each puppet.  The order of the card pairs 

as well as which puppet is assigned more apples will be counterbalanced across children.  The dependent measure 

is the number of correct trials. 

 

 Count/How Many.  For this task the children will be presented with cards one at a time that have a different 

number of animals on them.  They will first be asked to count how many animals there are.  Once the children 

have finished counting, they will then be asked “How many are there?”  A correct response will equal the number 

the child counted to, even if that number is incorrect.  The dependent measure will be the highest number that 

children can count to and correctly answer the how many question. 

 

 Number Sort.  For this task children are asked to sort a series of cards with different numbers of balls on them 

(1 – 9) into one of three boxes (small, medium, big).  Each box has a picture of a car on it that varies in size across 

the boxes.  For each trial, the experimenter points to the box with the big car and says “Big things go here”, points 

to the box with the medium car and says “Medium things go here”, and points to the box with the small car and 

says “Little things go here.”  The experimenter then give the child a card, tells them how many balls are on it, and 

then asks them to put it into one of the three boxes.  The dependent measures for this task are the sum and average 

of the number of balls in each box. 

 

     D.7.1.5. Rule-Learning/Inhibition Tasks Several age-appropriate tasks will be used to assess the children’s 

use of working memory, inhibitory control, attentional flexibility, planning, and strategy use in performance on 

various complex tasks. The tasks proposed are also being used in our laboratory in a separate RCT, and the 

scientific literature (e.g., Carlson, 2005; Carlson & Moses, 2001) clearly shows that they are developmentally 

sensitive and age-appropriate.   



 

 Stroop and Stroop-Variant Tasks. (3, 3.5, 4, and 5 year visits: 10 min for assessment at each age)   In these 

tasks, children are administered a task in the form of a game or problem, in which they are given a rule to respond 

in a manner that works against their natural tendencies.   They are named after a famous effect in cognitive 

psychology (Stroop, 1935) in which subjects must name the ink color in which words are printed.  The speed of 

naming in this type of task is slowed considerably if the words are names of colors, as the subject must inhibit 

reading the color word (i.e., their natural tendency to read) in order to produce the correct response based on the 

ink color.  Similarly, in the proposed tasks, the child must keep a rule in mind and apply it to the situation, and 

inhibit a prepotent or natural tendency to produce the correct response. 

 

 In the first of these (Carlson & Moses, 2001), the child is presented with two colored rectangles – one yellow, 

one red (color knowledge is assessed prior to administration of the task). The child is told that, in this game, they 

should try and “trick” the researcher by “pointing to the wrong color” when the researcher names a color.  That is, 

if the researcher says “Point to the yellow square,” the child is supposed to point to the red one, or if the 

researcher says “Point to the red square,” the child is supposed to point to the yellow one.  If the child does not 

know color names, adjustments are made so that the color names are replaced with an object that is naturally 

associated with the color (e.g., “banana” for “yellow,” “apple” for “red,” etc.).  Following two practice trials, 16 

test trials are administered in which the lateral position and correct response is counterbalanced across trials and 

the order of correct response randomized.  The primary dependent variable is the proportion of correct responses.   

 

 The second of these variants is a task commonly administered to preschoolers, the “Day/Night” form of the 

Stroop task (Gerstadt et al., 1994).  Here, the child is presented with either a yellow moon with stars on a black 

background or a yellow sun on a white background.  After assessing whether the child already possesses the 

moon-night and sun-day association, the child is then asked to work against that natural tendency by saying “day” 

when the moon is presented, and “night” when the sun is presented.  After correct performance on 2 practice 

trials, 16 trials are presented, arranged as with the previous task.  The primary dependent variable is the number 

correct.  

 

 Dimensional Change Card Sort (DCCS).  (3, 3.5, 4, and 5 year visits: 10 min for assessment at each age)  

This test is based on the basic paradigms of discrimination learning (Kendler, 1979; Reese & Lipsitt, 1970), 

which was a focus of our laboratory’s research program during the 1990s (Coldren & Colombo, 1994; Colombo 

et al., 1990).  This particular task is administered according to the protocol published by Zelazo (2006), and has 

also been used in other nutritional studies, as well as in our research program on the development of attention in 

preschoolers (Coldren & Colombo, 2008).  Essentially, participants are presented with stimuli that can be sorted 

on various dimensions (e.g., shape or color).  They are asked to sort the stimuli on one dimension (thus providing 

a measure of performance on that ability) but then are asked to reverse (i.e., “switch”) the rule.  At that point, they 

must inhibit the previously activated rule in order to perform correctly under the new rules.  For this particular 

task, children are presented a game in which they must sort 7 “red bunny” cards and 7 “blue car” cards into one of 

two boxes.  One box is “labeled” with a red car and the other with a blue bunny.  The child is asked to play either 

the “color game,” with red bunnies sorted (face down) into the “red car” box; blue cars sorted (face down) into the 

“blue bunny” box; or they are asked to play the “shape game,” with blue cars sorted (face down) into the “red car” 

box and red bunnies sorted (face down) into the “blue bunny” box.  The protocol is to administer two practice 

trials, and then 6 trials with varying levels of support as needed (i.e., instructions may be repeated, or cards may 

be identified as a scaffold for the production of strategies) although the answers are never given to the child.  If 

children perform 5 out of 6 trials correctly, the game is switched to the opposite (i.e., shape-to-color or color-to-

shape).  Should the child successfully negotiates the switch, the task would proceed with the “border version” of 

the task, where half of 12 sorting cards have a black border around the picture, and the child is asked to play 

“color game” when the card has a black border and “shape game” when it does not; here, there are 12 trials, but 

no game-switch phase.  Correct responses are recorded for each phase, and performance is also qualitative 

characterized as 0 (fail pre-switch phase), 1 (pass pre-switch, fail post-switch), 2 (pass the pre- and post-switch 

phases, but fail border phase), and 3 (pass all phases). 



 

Monkey Game/Modified Tower of Hanoi. (4, 5, and 6 year visits: 20 min for assessment at each age): This 

simplified version of the Tower of Hanoi paradigm (Klahr & Robinson, 1981; Welsh, 1991) assesses planning 

and strategy use. The modification allows use of the task in younger children, but even then, is not appropriate for 

children under the age of 4. The task is comprised of colored disks (monkeys) and 6 pegs (trees). Three pegs are 

for the participants; three for the researcher. The researcher relates a scripted story to the participant in which it is 

explained that the disks represent monkeys – daddy monkey (large disk), mommy monkey (medium disk), and 

baby monkey (small disk); the pegs represent their trees; and the table represents the river. It is explained that the 

monkeys in the participant’s trees are copycats who always want to be the same as the monkeys in the 

researcher’s trees. They are instructed to jump (move) the monkeys from tree to tree until they are in the same 

position as the researcher’s monkeys. The following rules are related: 1) only one monkey can jump at a time, 2) 

monkeys can’t swim, so they must never touch the river (table), and 3) bigger monkeys cannot sit on smaller 

monkeys because they will squish them. Legal and illegal moves are demonstrated; participants readily 

demonstrate understanding. The task is graded in difficulty starting with a 3-disk, 2-move problem progressing to 

a 7-move problem. The participants are given 6 trials with a maximum of 20 moves per trial to pass a problem. 

Pass is defined as solving the problem with as few moves as possible (i.e., solving a 3-move problem in 3 moves) 

twice in succession. Therefore, if no optimal solution has been reached by the 5th trial, no 6th trial is given. The 

primary dependent variable is a “processing efficiency score” based on which two trials the optimal solutions 

were achieved for each step (e.g., optimal solutions on trials 1 and 2 receive a score of 6, optimal solutions on 

trials 5 and 6 receive a score of 2). 

 

 Go/No-Go Task . (4.5 and 5.5 year visits, 30 min for electrode placement, 10 min for testing at each age)  

Event related potentials will be recorded while the participants complete a Go/NoGo task to measure inhibitory 

control and working memory. Data will be collected using individually placed electrodes (24 at 4.5 yrs and 34 at 

5.5 yrs of age). The electrodes are placed using a small amount of paste that is easily washed out of the hair. Two 

additional electrodes are placed on the chest and record heart rate.  The simplified, non-invasive methodology will 

facilitate participant retention: we are confident that the ERP protocol will not increase attrition. EOG data is 

collected from electrodes above and below the eye to control for blink artifacts. Data are referenced to Cz and 

then re-referenced to linked mastoids offline. Impedences are considered acceptable when they are less than 5 kΩ. 

Data are collected using SCAN 4.3 software connected to a SynAmps2 amplifier. Gains will be set at 50 for scalp 

leads and 5 for EOG electrodes. A 60-Hz notch filter will be utilized, and data will be sampled every 5 msec. The 

task will be presented on a computer screen by STIM2 software. Length of a trial is 3000 msec with stimulus 

presentation lasting 2000 msec followed by an inter-trial interval of 1000 msec. Participants are told that they will 

play a game in which they will see fish and sharks (developed by S. Wiebe in the laboratory of K. Espy, 

University of Nebraska, where they are collecting normative data). They are instructed to push the button if they 

see a fish, but not if they see a shark because the shark will tear their net. Feedback for a correct button press in 

response to a picture of a fish (Go) is a picture of the fish in a net. Feedback for incorrectly pressing the button in 

response to a picture of a shark (NoGo) is a picture of the shark in a torn net. Ten practice trials are given and 

then, the task proceeds with two blocks of data: 1) a block of 20 trials, all Go trials, and 2) a block of 80 trials, 

25% NoGo trials pseudo-randomly presented. Trials will be rejected if they contain movement artifact greater 

than ±100 μV. After re-referencing and correcting for eye movement artifact, data will be visually inspected to 

determine the time intervals that include the N2 and the P3 as these are the components of interest. Outcome 

variables include latency to peak and peak amplitude. Data for each component are entered into separate Group 

(DHA, non-DHA) X Condition (Go, NoGo) X Lead (varies, e.g., midlines = Fz, Pz, Cz) repeated measures 

ANOVA using SAS Proc Mixed. Whereas the frontal N2 is thought to be indicative of cognitive control, we 

would expect that the DHA group would have a more mature waveform (decreased amplitude) relative to 

controls. 

 

D.7.2.   Literacy/Language Processing 

 D.7.2.1.  The Test of Preschool Early Literacy (TOPEL; 3.5 year visit, 25-30 min) The TOPEL (Lonigan 

et al., 2007) is a test for children aged 3 to 5 years, and is designed to provide researchers with a reliable and valid 



means of monitoring children’s progress toward proficient literacy.  It is among the best standardized and most 

widely-used evaluation of children’s preliteracy levels in three domains: vocabulary, phonological awareness, and 

print knowledge (see also, Lonigan, 2006).  The constructs measured by the TOPEL have been found to be 

manifest as a coherent factor that strongly predicts school achievement (Lemelin et al., 2007). The Print 

Knowledge subscale (36 items) measures alphabet knowledge and early knowledge about written language 

conventions and forms.  Here, the child is asked to identify letters and written words, point to specific letters, 

identify letters associated with specific sounds, and say the sounds associated with specific letters.  The 

Definitional Vocabulary subscale (35 items) measures single-word oral vocabulary and definitional vocabulary by 

having the child label a pictured object.  Finally, the Phonological Awareness subscale (27 items) measures word 

elision and blending abilities.  The child is asked to say a word, and then say what is left after dropping out 

specific sounds (elision) for the first 12 items; then to listen and separate sounds and combine them to form a 

word (blending) for the remaining 15 items.  The test yields valid and reliable raw scores, standard scores, and 

percentiles.  It has been normed on 842 preschool-aged children (3 to 5 years) sampled from representative areas 

across 12 US states.  It is administered individually and takes 25-30 minutes to complete.   

 

 D.7.2.2.  Peabody Picture Vocabulary Test III (PPVT-III; 5 year visit, 15 min)  Receptive vocabulary will 

be assessed using the PPVT-III. The PPVT-III is a nationally standardized assessment of receptive vocabulary 

that has been shown to be fair with respect to cultural and economic status (Washington & Craig, 1999). In this 

task, participants are shown pages depicting 4 pictorial choices. For each page, the examiner says a word, and the 

participant indicates, either by pointing or by stating a reference number, which picture best matches the word. 

Administration is simple and straightforward.  The PPVT-III yields a standard score normed with a mean of 100 

and a standard deviation of fifteen. 

 

 D.7.2.3.  Sentence Repetition Tasks (3, 3.5, and 4 year visits, 10 min at each age).   Sentence repetition tasks 

have been used to assess language processing, memory for sentence structure, and other cognitive skills 

concomitant and contributing to language since the 1960s (Spreen & Benton, 1963).   In these tasks, children are 

presented with sentences and are instructed to repeat the sentences back verbatim.   The tests begin with simple 

sentences (e.g., “He was a good boy”) but then become increasingly more difficult to repeat (“Where can he do 

what he wants?”, “I asked him if he did it, and he said he didn't do it”, etc.), both as a function of both length and 

syntactic complexity (Montgomery et al., 1978). These have been used successfully with preschoolers in the age 

range we are proposing (Carmichael & McDonald, 1984; Chafetz, 1994; Devescovi & Caselli, 2007; Montgomery 

et al., 1978).  Repetitions are recorded and scored for omissions, additions, syntactic and articulation errors.   

Performance on this task is a strong predictor of later reading proficiency and fluency (Leong & Haines, 1978; 

Manis et al., 2004; Mann et al., 1984). 

 

D.7.3.  Adaptive Regulation 

 D.7.3.1.  The Behavior Assessment System for Children, Version 2 (BASC-2): Parent Rating Scales (3, 

4, and 5 year visits, 10-20 min).   The BASC (Reynolds & Kamphaus, 2006) is a widely-used instrument for 

comprehensive documentation of children’s (ages 2 to 21) socioemotional behavior and adaptive regulation.  We 

propose to use the Parent Rating Scales, which have been repeatedly proven to be reliable indicators of the child’s 

adaptive function in many studies.  The scales yield T scores and percentiles, for a general population and clinical 

populations.   The system was originally designed for identifying children at risk for behavior problems due to 

self-regulation and socioemotional difficulties (see scales below), but is normed based on current U.S. Census 

population characteristics.  The most recent revision of the BASC (BASC-2) was designed explicitly to be 

sensitive to developmental issues.  

 

 The Parent Rating Scales measure both adaptive and problem behaviors in the community and home setting.  

We will ask parents to complete forms for the preschool level (ages 2 to 5), which involves completing 134 items 

presented in a four-choice response format.  The parent forms can be completed in 10-20 minutes, and requires 

only a 4th grade reading level to complete.  The preschool forms provide evaluation of the child on twelve 

different subscales that measure adaptive and socioemotional function, many of which dimensions have been 



established in either observational or experimental studies as being relevant outcomes for DHA (see section B.3): 

Adaptability, Aggression, Anxiety, Attention Problems, Depression, Hyperactivity, Withdrawl.  The remaining 

subscales (Activities of Daily Living, Atypicality, Functional Communication, Social Skills, Somatization) 

provide basic adaptive, functional measures that can be seen as valuable as comprehensive measures of child 

outcomes as well. 

 

D.7.4. Intelligence  

 D.7.4.2.  The Weschler Preschool Primary Intelligence Scale-Third Edition (WPPSI-III, 3, 4, and 6 year 

visits: 35 min, 45 min, and 60 min respectively).  The WPPSI-III (Weschler, 2002) is among the most widely-

used and best-standardized tests of early intelligence available.  The revisions undertaken for the most recent 

version of the test make it most appropriate for this age range and most desirable for the followup.  It is 

appropriate for the ages to be tested for this followup (it is valid for ages 2.5 through 7.25 years), and the 

preschool form of the test has been streamlined to eliminate subtests that generally yield floor effects at young 

ages, reduce discriminability, and unnecessarily increase testing time; the preschool form of the test now takes 

only 25-35 minutes to administer at age 3, and 35-45 minutes at age 4.  Major revisions in the materials also make 

the test more preschooler-friendly.   We have used both this test and its major competitor (the Stanford-Binet) at 

these ages and have come to prefer this test because of these reasons. 

 

 At the earlier age-band (e.g., 3 year visit) level, the WPPSI-II is composed of four core subtests (Receptive 

Vocabulary, Information, Block Design, and Object Assembly).  The first two subtests are combined to produce a 

Verbal IQ measure; the latter two to produce a Performance (i.e., Nonverbal) IQ.  These two measures may then 

be combined to produce a Full-Scale (Composite) IQ.  An additional supplemental subtest (Picture Naming, 

which is an expressive vocabulary measure) is also available.  At the older age band (4- and 6-year visits), there 

are seven core subtests (Information, Vocabulary, Word Reasoning, Block Design, Matrix Reasoning, Picture 

Concepts, and Coding).  The first three combine to form a Verbal IQ, the latter three combine for a Performance 

IQ.  Coding can be added directly with the Verbal and Performance IQ when deriving a Full-Scale IQ score, or it 

can be combined with a Symbol Search supplemental subtest to derive a Processing Speed Quotient (PSQ).  Four 

other supplemental subtests can be administered to substitute for the core tests, and two additional optional 

subtests (Receptive Vocabulary and Picture Naming) can be administered.  

 

D.7.6.  Summary Table and Visit Outline 

 The proposed additions for this supplement are outlined in the table below in an effort to summarize the 

longitudinal assessment schedule for 24-72 months of age.  Note that we will continue to take anthropometric 

measures (height, weight, head circumference, etc.) at these visits as a matter of procedure.   

 

 In the table below, a number representing the number of minutes necessary to administer the measure appears 

in each cell where the assessment is taken.  This provides an overall view of the schedule, as well as the overall 

time necessary to complete the visit.  The time commitment is calculated separately for parents and children, and 

both are added for a total length.  Note that the child and parent tasks can overlap in time (e.g., the parent can fill 

out the BASC while the child is engaged in other tasks), so the total time may represent a conservative 

(over)estimate of that commitment. 

 

 It should be noted that 24 month visits began in July of 2008, and so we will conduct some of these 

assessments, and absorb the costs of those assessments, until the decision regarding these supplemental funds has 

been made.   

 

 

 

 

 



 VISIT AGE (months) 

ASSESSMENT 24 30 36 42 48 54 60 66 72 

Informed Consent 10         

Higher-Order Cognition          

Spatial Memory 12 12        

Elicited Imitation 20 20        

Distractibility 15 15        

Counting 15 15  15  15  15  

Dimensional Change Card Sort   10 10 10  10   

Stroop Variants   10 10 10  10   

Modified Tower of Hanoi     20  20  20 

Go/No-Go      40  40  

Language and Pre-Literacy Assessment          

Test of Preschool Early Literacy (TOPEL)    30      

Peabody Picture Vocabulary Test (PPVT-

III)      

 

15 

  

Sentence Repetition Tasks   15 15 15     

Adaptive Regulation          

Behavior Assessment System for Children 

(BASC-2) Parent Form   20  20 

 

20 

  

Intelligence          

Weschler Primary Preschool Scale of 

Intelligence (WPPSI-III)   35  45 

   

60 

Health & Diet          

Anthropometrics 5 5 5 5 5 5 5 5 5 

24-Hour Diet Recall 15 15 15 15 15 15 15 15 15 

6-Month Illness Report 5 5 5 5 5 5 5 5 5 

Blood Pressure/Heart Rate     5 5 5 5 5 

Medical Records Requested 0  0  0  0  0 

Child Mean Time Testing (min) 62 62 70 80 105 60 60 60 85 

Parent Mean Time Testing/Forms (min) 35 25 45 25 45 25 45 25 25 

Total Session Length (min) 97 87 115 105 150 85 105 85 110 
  

D.9. Statistical methods 

 D.9.1. Descriptive/Preliminary statistics.   Preliminary analyses will be initiated as they are for the original 

RCT.  Simple descriptive statistics (means/standard deviations or frequencies/percentages) will be tabulated for 

all outcome and explanatory variables.  Possible disparities between the treatment groups with respect to each 

continuous explanatory variable will be assessed through two-group t-tests.  Disparities between the treatment 

groups with respect to dichotomous explanatory variables will be assessed through Fisher’s exact test.  

Scatterplots of all outcome variables versus capsule intake will be produced separately for each treatment group.  

Correlations between outcome variables and explanatory variables will be tabulated. 

 

 D.9.2.  Predictions and Analyses.   The primary analyses will be relatively straightforward examinations of 

differences between placebo and active supplement groups.   For variables that are repeated over time, this will 

take the form of mixed-model analyses involving factors of Visit (i.e., Age) and Group (Placebo vs. Supplement), 

as such analyses use all available longitudinal data.   We hypothesize benefits across all variables for infants 

whose mothers were prenatally supplemented: better memory and advanced cognitive performance, better 



preliteracy and language processing performance (i.e., higher TOPEL scores and fewer errors of all types on 

sentence repetition), and higher IQ (although analyses will also be conducted on IQ subtests, such as Verbal vs. 

Performance IQ to determine whether differences seen on these two subscales in Birch et al., 2007 might be 

replicable).  We predict fewer problems identified in the BASC-2 and better scores on all domains there overall. 

 

 D.9.3 Power/sample size.   As noted above, the current retention rate of 96% that we are seeing within the 

RCT to 18 months is much higher than the 50% we proposed in the original application; the goal there was to 

retain a sample of 100.  Our attrition right now suggests an ending sample size of between 190 and 200, which 

would essentially doubles the power we originally projected for a followup, and provides power well beyond that 

which we originally proposed (Cohen, 1988, 1992).  Even if our loss rate quintuples to 20%, we will retain a 

sample of 160, far surpassing our original power projections.  As many of the measures we are currently 

proposing have not been previously employed in studies of DHA supplementation, we have no indication of 

possible effect sizes.   The exception, however, for a reasonably comparable (higher) does of DHA is for IQ.  The 

effect sizes (Cohen’s d) comparing supplemented versus unsupplemented infants presented in Birch et al’s (2007) 

study for IQ were .38 for unsupplemented vs. DHA and .49 for unsupplemented vs. DHA+ARA.   If the effect 

sizes seen in our study are close to these, this presents no issues for power for this extension of the RCT, even at 

the ages we propose for this supplement. 

 

E. HUMAN SUBJECTS 

 The University of Kansas Medical Center Human Subjects Committee (KUMC-HSC)and the University of 

Missouri, Kansas City IRBs and the Truman Medical Center Privacy Board have reviewed and approved the 

procedures and protocols for the original RCT study prior to implementation.   The KUMC-HSC is currently 

reviewing the proposal for this additional longitudinal testing.   

 

 Parents will be re-consented at the 24 month visit to cover the 24-48 month assessment period.  Consent 

forms and HIPPA disclosure information per IRBs will be given to all subjects and their signatures’ witnessed.  

The consent forms will include a description of the study, nature of the data collection, the potential benefits and 

adverse reactions anticipated. The subjects are reassured that their usual care would not be changed, withdrawn, 

or reduced if they chose to withdraw from the study at any time.  The research team personnel will abide by all 

tenets of the University confidentiality policies, as well as the Privacy Protection for Research Subjects.  All 

research staff will remain current in their NIH required Human Subjects protection and HIPAA certification. 

 

 In order to maintain patient privacy, all case report forms, study reports and communications are identified by 

initials and the assigned patient number.  Data monitors and auditors from the IRBs, and regulatory authorities 

will have access to the patient’s original medical records for verification of data gathered on the case report forms 

and to audit the data collection process.  Subjects are made aware of persons who may see their protected health 

information in the informed consent document and may choose not to enroll in the study based on the information 

provided them in accord with 2003 HIPAA regulations. The patient’s confidentiality is maintained and is not 

made publicly available to the extent permitted by the applicable laws and regulations.  

 

 The PI will conduct the trial in compliance with the protocol given approval by the appropriate IRBs (the 

HSC at the Lawrence campus, which covers Dr. Colombo’s activities, has a reciprocality agreement with the 

KUMC HSC).  Any changes to the protocol will require written approval from these committees prior to 

implementation, except when the modification is needed to eliminate an immediate hazard(s) to patients or if the 

change(s) involves only logistical or administrative aspects of the trial.  Any departures from the protocol will be 

fully documented in the case report form and source documentation. 

 

E.1.  Risks to the subjects   

  All information provided in this section pertains to the University of Kansas 

 



  E.1.1.  Human subjects’ involvement and characteristics.  The study population will be 24-48-month-old 

children who have been enrolled in the original RCT covered by this application.  As noted elsewhere, 350 

pregnant women will be enrolled as part of that RCT, the majority of subjects (about 75%) are expected to be of 

African descent.  Subjects not of African descent were divided among Hispanic, European-American and Asian 

descent.  Inclusion and exclusion criteria are described elsewhere in the application narrative, and are not repeated 

here, as they apply to enrollment in the original RCT; the current supplement seeks to extend the longitudinal 

schedule for those enrollees, to whom the criteria have already been applied. 

 

  E.1.2. Sources of materials.  All data will be gathered for the explicit purposes of this study using 

procedures to ensure confidentiality.  All data will be identified by a code number only.  A list that links the 

assigned code number to the subjects’ name will be kept separately in a locked file.  All subjects will be 

encouraged to contact the HSC with any concerns about the study. 

 

           E.1.3.  Potential risks.  No appreciable risk of physical, psychological, social, legal or other harm is 

expected from this additional testing.  It is possible that the standardized testing will identify individual children 

at risk for developmental disability and delay.  When that occurs, we collaborate with parents and determine 

whether they desire referral to a county agency or to a clinic within KUMC, and determine which (if any) records 

from the study they might want released.  No release of information occurs without parent agreement and written 

consent.   

 

E.2.  Adequacy of protection against risks 

 E.2.1.  Patient recruitment and informed consent.  All recruitment, consent and data forms for the study 

proposal will be submitted to the IRBs of both Universities involved prior to any enrollment. Informed consent 

will be obtained by a trained research team member who has completed the NIH-approved Human Subjects’ 

protection certification.  Consent includes the standard elements: a study description, the potential risks, benefits 

and options for non-participation.  Prior to proceeding with enrollment, personnel will explicitly ask the subjects 

to confirm that they know components of the study involve taking a nutritional supplement for the remainder of 

their pregnancy.  All subjects will be informed they are free to withdraw from the study without changes in their 

usual care.  Consent will be documented as a signed form and will be kept in a locked file at the study office. The 

study will be conducted in accordance with ethical principles founded in the Declaration of Helsinki and the 

Belmont Report.  The IRBs will review all appropriate study documentation in order to safeguard the rights, 

safety and well-being of the subjects.  The protocol, informed consent, written information given to the subjects, 

safety updates, annual progress reports, and any revisions to these documents will be provided to the IRBs by the 

investigator.  The method of obtaining and documenting the informed consent and the contents of the consent will 

comply with all applicable regulatory requirement(s).  

 

  E.2.2.  Protection against risk:  No appreciable risk of physical or mental harm is expected to result from 

the additional longitudinal protocol.  Carlson has been conducting clinical trials continuously since 1978 in this or 

a similar population; Colombo has conducted longitudinal research continuously since 1984.  Subjects who 

choose to withdraw from the study will be reassured if they indicate the desire to withdraw.  

 

 Subjects are protected against the risk of breaking confidentiality by decoupling of names from databases.  

The CRF will make use of a subject code number only, and informed consent forms that include the subject’s 

signature will be stored separately in locked file cabinets. For ensuring confidentiality, these are generally 

acknowledged to be the best methods known for ensuring that names are not associated with data.  Only selected 

research staff will have access to the subjects’ data. 

 

 Subjects’ informed consent includes the HIPAA compliance documentation approved by the KUMC and 

Lawrence HSCs. The Research team personnel will abide by all tenets of the University confidentiality policies as 

well as the Privacy Protection for Research Subjects. 

 



E.3. Potential benefits of the proposed research to the subjects and others  

 This study could result in outcomes which contribute to new knowledge about the effects of prenatal 

nutritional intake of pregnant women on children.   

 

E.4. Importance of the knowledge to be gained 

 The significance of this work lies with the evaluation of the long-term effects of prenatal supplementation on 

meaningful variables in the preschool period.  We hypothesize that prenatal supplementation may accrue long-

term benefits to the offspring of women; the demonstration that prenatal nutrition affects complex cognition, 

preliteracy/language measures, adjustment/adaptive measures, and intelligence up to 4 years from the point of 

supplementation will be extraordinary. 

 

E.5.  Women and minority inclusion in research   

 Both boys and girls will be included in the study. The majority are of African-American descent, as a function 

of the locales in which the original enrollment was executed.   

 

E6.  Inclusion of children in clinical research 

 The primary participants in the study are children who were enrolled in the original RCT, and so the inclusion 

of minorities is a fundamental characteristic of the proposed study.   

 

E.7. Special populations 

Not applicable. 

 

E.8. Data safety and monitoring plan  

 The data safety plan for the original RCT continues in place, although the additional longitudinal measures 

are not considered to be part of the RCT. 

 

E.9.  Anticipated areas of difficulty.  

None. 

F. VERTEBRATE ANIMALS 

Not applicable 
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