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CHAPTER |

INTRODUCTION

There is ample evidence supporting health benefits associated @agifbeding. The
composition of human milk, specifically colostrum and epidermal growth faléber for a
strengthened immune response that is less susceptible to infectiantrgraf antigens (Leung &
Sauve, 1995). Obesity prevention, through improved self-regulation anddleiageluction of
solid foods, also provides health benefits thought to carry oveadhtibhood (American
Academy of Pediatrics (AAP), 2011; Armstrong & Reilly, 2002). Yeta@obenefit is the
lowered risk of insulin-dependent diabetes. Studies have noted anelai between early
introduction of cow’s milk and beta cell destruction in predisposed indiddhedugh bovine

serum albumin cross-reacting with beta cell surface proteins{.& Suave, 1995; Scott, 1995).

Differences in growth have also been seen with the different ifdading approaches.
Kathryn Dewey (1998) reviewed the literature and concluded thatifaried infants gain more
weight in the first twelve months than do breast-fed infants. This dafurther supported by a
study conducted by de Onis, Garza, Onyango, and Borghi (2007) comparing CDC growth
standards to WHO growth standards. The Centers for Diseas®lGomtrPrevention (CDC)
growth charts represents a national population of predominantly fofetliafants, while the
World Health Organization (WHQO) growth charts, as of 2006, semtepredominantly breastfed
infants. The study found U.S. children to have a higher weight-for-age and Blsidigahan
seen in the WHO growth standards; thus supporting formula fed infants ggint wigire rapidly
than their breastfed infants. Some correlate this difference irtlgsoith individual control of

satiety, which is noted as likely to be different between methoa=dirfgs (Kavanagh et al.,



2008). This difference in self-regulation has even been attributed to peolwidmveight

control later seen in children (Kavanagh et al., 2008).

As previously mentioned, in 2006 the WHO introduced new growth guidelines. After
review of the updated guidelines, the CDC has since supported professiemdlthese in
children up to two years of age. The WHO is known to provide a growth standahildoen in
environments providing optimal conditions. Data included in the WHO growtksalegresent
locations around the world that met criteria to suggest optimal growth.CDC growth charts
are better known as a growth reference; they suggest the growth af &athila particular
region (U.S.) and time period (CDC, 2010). Data in the CDC growth charts thiooglears of
age reflects a small sample size of children from the United Statdéacks pertinent data, such
as infant weight before three months of age. It reflects typioaitg seen in children instead of
optimal growth. Typical growth includes growth data from infant populatibat may not be
growing under optimal conditions, thus leading to potential misclastifits for the infant being

compared.

Improved cognitive development is also associated with breastfe&dirguéson,
Beautrais & Silva 1982; Rogan & Gladen, 1993). A meta-analysis assessmitgvedgnction in
both breast and formula fed infants found not only was general cognitive fuastianced but
breastfed children also had improved vision and enhanced motor skills aliemaegr
(Anderson, Johnstone, & Remley, 1999). Cognitive development was asseasattibty of
standard cognitive tests. Some of the commonly used tests includealythg Bental
Development Index, McCarthy Scales of Children’s Abilities Generahifleg Index, Stanford-
Binet Intelligence Scale, Wechsler Intelligence Scale, and PeabatdyeP¥ocabulary Test
(Anderson et al., 1999). However, literature reviewing the effects astbeeding on cognitive
development through nine months of age is limited and the available dataglictiog. This

limitation is a reflection of inconsistency in both focus and purpose ofullest and targeted



age groups. An example of this is noted in an extensive review that focuseéhmal dptation

of exclusive breastfeeding (Kramer & Kakuma, 2009). The objectivéonvassess the effects
on child health, growth, and development” of infants having been exclusivelyfbdefas six
months compared to infants that incorporated mixed feeding after havingloaesively
breastfed for three to four months (p. 4). The review focused primarityeamethodological
guality and inclusion criteria. After having gathered close to 3,500 citaiging specified
search terms, 22 studies met the selection criteria of infantsghiasen exclusively breastfed for
at least three months prior to the introduction of mixed feeding. Pdmt cbnflict found in
literature comparing breast fed infants to formula fed infantassfeom varying definitions used
to classify mode of feeding along with varying durations of exclusive tieedsng. As noted by
Kramer and Kakuma (2009), “few studies strictly adhered to the World He@tmi@ation’s
definition” of exclusive breastfeeding which excludes any use of supptahieods or liquids
other than human milk, vitamins, and medications (p. 4). In fact, some studigbeiserm so
loosely as to include juices, teas, and infant formula. Some ofw@egdnce of results may stem
from the variation and interpretation of feeding categorization, butralapsed time between
testing and initial data collection. For example, a study by Rogan and Glad&i¢dified

four groups: short, medium, long, and very long to denote breastfeeding duratibrof Hee
four groups used two categorical definitions in terms of weeks: muogthst-fed and age at
weaning. Cognitive assessment began at six months of age and continued untd subjed
five years. Fergusson, Beautrais, and Silva (1982) used three groupsity blasistfeeding
duration: breast-fed more than four months, breast-fed less than four monthstteated.
Assessment of cognitive development did not occur until age three andjthermbages five and
seven. The principles found in each of the studies mirror one anotbeever, small changes
such as the terminology used to defipeedominantly breastfed’along with differences in time

elapsed before cognitive assessment occurs may complic@atation of results.



As noted by Rose, Feldman, & Jankowski (2004a), there are several ways cognitive
development can be assessed in infancy. Attention, described as a “grecdodany
cognitive activity,” can be assessed through look duration and chanigeart rate (p. 247;
Richards, 1997). The shorter the look duration, the more sophisticated latteintion is present
(Rose, Feldman, & Jankowski, 2004a). Interpretation of the novelty quotiersssists in
understanding and targeting the development process. The calculatrdggaaeflects how
much time was spent focusing on what is referred to as the novel stimdus trex familiar
stimulus. A higher percentage suggests greater time spentfpausthe novel stimulus because
the familiar stimulus is locked in the memory; thus, attention can beglan a new stimulus.
For purposes of this study look duration, and novelty preference were usedsocasgstive

development.

Research Question and Hypothesis

The general purpose of this study is to identify whether infants whoeasttad perform
better cognitively than previously breastfed infants who begin formetirfg between three and
nine months of age. Predominantly breastfed at three months is defireizing less than
four fluid ounces of formula a day. At six and nine months, infants werefiddsss breastfed
if women reported supplementing less than eight ounces of formula a day astfeleding more

than four times a day.

The primary hypothesis of this study is that between three and nine mbates o
breastfed babies will have improved growth and cognitive developroergared to those that

are formula fed. Additional hypotheses include:

l. Infants who are predominantly breastfed at nine months of age will have lower
six and nine month BMI than infants who are no longer breast fed at both six and

nine months of age.



Il. Infants who are predominately breastfed at nine months of age wilbhgreater
novelty quotient percentage and shorter looking times than infants weaaer

longer breast fed at both six and nine months of age.

The design of the study is cross-sectional and observational. The 130imfhamded in
the study were recruited from a rural Oklahoma community and its surrouaréiag Inclusion
criteria consisted of full-term, singleton birth, healthy, three-moidhnfants predominately

breastfed, having received less that four ounces of formula a day.

Growth was assessed using four recognizable anthropometric messsessed at each
infant appointment. Height was measured on a stadiometer to an gamfunathin 0.1
centimeters. Head circumference was measured using a nichaite plastic feed-through
measuring tape placed around the thickest part of the head. \iwemghteasured on an infant
digital scale designed to give an automatic average of multiplesuneseto an accuracy of
within 0.02 kilograms (Seca, Columbia, MD, accuracy to 0.002 kg). Following aotiiiric
data collection, BMI is then calculated. All measures were caev@nto z-scores to compare
between genders and categorized into one of three feeding groups for useikethenodel

ANOVA statistical analysis.

Cognitive development was assessed through analysis of the visuahtiabiprocedure
looking at the novelty quotient and duration on look time on a stimulus. The noveltgrjuoti
represents the average amount of time spent focusing on the novel stifmilcalculate, it is the
summation of total time spent looking at the novel stimulus in both triaidedivay the sum of
the duration of both trials (Colombo, Richman, Shaddy, Greenhoot, and Maikranz 2001). A

shorter look is thought to reflecting a more mature level of developi@etdmbo et al., 2001).



Summary

Breastfeeding, the recommended nutrient source in early infancigal/wnown for the
benefits it provides in terms of health, nutrition, and development. In a geaasa, much of
the data available that have addressed the effects of begstfen growth and development
trend in the same direction. However, few studies look at duration aitieeding in

comparison to both growth and cognitive development longitudinally in easlydanf



CHAPTER Il

LITERATURE REVIEW

Section 1 — Infant Feeding Recommendations

Exclusive breastfeeding is recommended through the first six moniifestofprovide
the necessary nutrients for optimal growth and development inthyhadhnt population
(American Academy of Pediatrics (AAP), 2005; World Health OrgaiozgWHO], 2011). The
WHO defines exclusive breastfeeding as nothing, water included, bst brilg aside from
vitamin and mineral supplementation in the first six months (WHO, 2011). Iratlyestages of
breastfeeding, the AAP (2005) suggests eight to 12 feedings per 24 mbissiumber will
fluctuate with time, especially in growth spurts. Intake of human milkdeiline as
complementary foods, rich in iron, are gradually introduced beginning aroumbsths.
Continuation of breastfeeding is recommended through the first yeamdéemind that the
AAP has no set upper limits on the duration.

Health professionals consider exclusive breast-feeding with suppleafidfitamin D,
iron, and fluoride to provide a complete balanced diet and be the standeediof practices for
infants up to at least six months of age (Centers for Disease Contralesedition [CDC], 2010;
Fomon et al., 1979). In 2010 the AAP released iron recommendations of suppleroeating
mg/kg/day in healthy term breastfed infants around four months of age to teduik of iron
deficiency prior to the introduction of iron-fortified complementary &dekrior to four months,
human milk is thought to provide infants with adequate iron. This iron reeochation
increases to 11 mg/d for infants between six and 12 months of age. In casesomhere i

recommendations fail to be met through complementary foods, the AAP appseavesliquid



iron supplementation. Formula-fed infants do not require an additionauppiement as this is
generally included in the formula and accounted for when complementarysieuiEorporated
into the diet (AAP, 2010). The vitamin D requirement has been contravir®ugh the years
and is included in the revision of the AAP guidelines. As of 2008, the AABdmesl its
recommendation to 400 IU/mL of supplemental vitamin D daily. The typtHU2_ or less of
vitamin D found in human milk alone does not contain the recommended amou retaisifdxul
infants (AAP, 2008; CDC, 2010;).

Breastfeeding initiation in the United States metHiealthy People 2016bjective of
75% of new mothers in the U.S. starting out breastfeeding (CDC, 2010).forbetke issue of
low breastfeeding percentages with a duration of 12 months of age in the WiSrasmlack of
interest as reflected by a high initiation rate from mothers. CI€ Breastfeeding Report Card
a compilation of state data collected for Healthy People 2010 objectilysianprovides the
following statistics in regard to breastfeeding practices anabtzidth the national and state
level (CDC, 2010). For purposes of this study, Oklahoma is the onlyrsthidaed below.
Additional reference data is available for all other states.

Table 1: CDC U.S. 2010 Breastfeeding Report Card

Nationally (%) Oklahoma (%)

Ever breastfed 75 65
Breastfeeding at 6 months 43 27.4
Breastfeeding at 12 months 22.4 12.2

Exclusively breastfeeding at 3 33 22.6
months
Exclusively breastfeeding at 6 13.3 6.7
months
(CDC, 2010)

According to the CDC 201Breastfeeding Report Cartess than thirty percent of Oklahoma

babies are breastfed at six months of age (accounting for children born up toGDG72010).



Breastfeeding rates drop off at three months, with an even gdeageoff at six and nine months.
Such statistics are indicative of the country not providing adequate sémpmathers over time.
As complications or questions concerning breastfeeding arise, suppodids futhe
continuation of feeding. Another plausible cause for such stagnant percestéaitieg around
three months of age and continuing on a pattern of decline, is likely froroflkalowledge
pertaining to increased benefits associated with breast-feedlitigion, immunity, weight
control, and cognition, all increased with duration of breastfeeding.CDC does report
increasing breastfeeding duration through increased support initiagitles aext stage of
objectives to increase breastfeeding percentages nationBiy, (010).

Infant formula has made significant advances toward mimicking thpasition of
human milk. For example, prebiotics and probiotics were recently addedrtula
compositions serving to promote gut flora production similar to that of bedastints (Morrow,
2011). Despite these efforts towards similarity, there are continfiecedces between the two.
It all comes down to human milk being the natural form of what formula stoves.t Unlike
formula, the composition of breast milk, including lipid and protein, chapgesdlel to infant
maturation (Huérou-Luron, Blat, & Boudry, 2010). It has been suggested thabeviglkdeption
of vitamins D and K, human milk is comprised of the proper amounts of macro and
micronutrients for an infant to reach optimal growth until six monthregef(Leung & Sauve,
2005). Formula is designed using a specific list of nutrients, recogrizezhaficial for optimal
growth and development of the infant (Koletzko et al., 2005). It is formulatedi¢ct the
composition of breast milk seen at an advanced gestational age (HuéoouBlat, & Boudry,
2010).

Caloric intake is yet another likely difference between tlefegding methods. Dewey
and Lonnerdal (1986) suggest the infant controls energy intake thraigictive self-regulation
as described by “the wide range in breast milk volume in relativelyneatished populations
appear[ing] to be due more to infant ‘demand’ than to adequacy of milk productiootigrai

9



(p.897). Little interference or forceful feeding takes placsuich a setting. Dewey, Heinig,
Nommsen, Peerson, and Lonnerdal (1992) observed that between six and nine naumehs of
breastfed infants eat a smaller portion of food offered to them, indidatagtfed infants are
able to self-regulate not only breast milk but solid foods. Overfeeaxtirige other hand becomes
a risk when using formula, as caregivers may interfere with the mitity to self-regulate
(Kavanagh, Cohen, Heinig, & Dewey, 2008). This can be through distraction, not wanting t
waste formula, or by simply not picking up on the infant’s cue to stop feedibgcdimes
problematic when done repeatedly, “caus[ing] them [the infant] tahasability to precisely
self-regulate energy intake, which would explain differences inerib@kween breastfed and
formula-fed infants” (p. 245). Kavanagh et al. (2008) observed evidaggesting formula-fed
infants are 20% to 30% more likely be to overweight as children andsadots.

Kavanagh et al. conducted a study in 2008 that examined the effect cédmerwith
education to change the caregiver's feeding practices.dodhisle-blind, randomized trial
included a sample size of 38 (18% of the original sample size) Womantdnand Children
(WIC) participants who were divided into either a control or interventioomr After having
met the inclusion criteria, baseline anthropometry measures anddrehavactices were
collected, as well as a 48-hour record of formula intake. Through one6@5minute session,
both groups received general infant feeding guidelines, but the intervgntiup received more
specified guidelines (Kavanagh et al., 2008).

The study did not support the hypothesis of increasing caregiver education to alte
feeding methods. In fact, the intervention group’s infants had sigrtlffdanreased weight and
length gain compared to that of the control group (Kavanagh et al., 2008)is At the first
study to look at the effects of an educational intervention in relatibehavioral change in
infant feeding practices, there were some limitations that may haneited to such results. The

study ultimately neglected to incorporate a key and final component of tliteonwutare process:

10



monitoring and evaluation. Kavanagh et al (2008), suggests resultsstdidiyestem from
improper presentation that resulted in lack of comprehension of key poked lvith change.
Section 2 — Assessment of Growth

Anthropometric measures that reflect nutritional status armitgéd to just one
measure, but rather include a group of measures. Assessment of eféegkd more recent
changes in nutritional status, and linear stature depicts more longfanges in nutritional
status (Mascarenhas, Zemel, & Stallings, 1998). Coupled measures;foeigtight for
example, are used not only to identify growth trends, but also to detect paigitd of
malnutrition as identified through wasting. Head circumference isratkaed in the standard
growth assessment and typically continues through three years ageshefdams quickly the
brain is developing during this time (Mascarenhas et al., 1998). Redbesefmeasures allow
for early intervention at any sign of unusual patterns.

Gokhale and Kirschner (2003) discuss what to expect in terms of phaseldep
growth, highlighting the importance of consecutive measures ratheritiggan measures for data
interpretation. Although growth is by no means a fixed process, there are soms gends to
look for in terms of growth assessment throughout infancy. Healthysnfammonly “double
their birth weight by five months of age and triple their weight by @ae gf age” (p. 154). The
mean increase in length is said to be about 25 cm in the first year oAliéss sensitive measure
of growth, head circumference, while averaging around 35 cm at birth, wébise by 12 cm in
the first year of life (Gokhale & Kirschner, 2003).

Nelson, Rogers, Ziegler, and Fomon (1989) conducted a study looking at growtly in ea
infancy, specifically throughout the first three and a half months of lifee study included both
breast (n= 419) and formula fed (n=720) infants. A generally even digirilaf males and
females in both groups between the years 1965 and 1987 was representedorSplidyice
included seven periods of measurement distributed over the 112 days posBledstfeeding
was defined as less than 240 mL/day of milk-based formula. Resultsstfittyefound males to

11



be significantly heavier and longer than females. As for mode of feedingylfofed males
were significantly larger in overall size (both weight and Iephtitan breast-fed males. With
exception to the Darling Study, which finds no difference between gender wimpaigng
breastfed to formula fed, such findings are consistent with results abgsestudies suggesting
males gain weight earlier than females and breast fed infgtsity weigh less than formula-
fed infants (Dewey et al., 1992; Nelson, Rogers, Ziegler, & Fomon, 198ppsgible
explanation for the Darling study may come from changes in formula conopositer time.
New growth charts released by the WHO in 2006 prove a reliable measuoevtf gero
to 24 months due to thorough attention paid to methods when collecting datagd&&za,
Onyango, & Borghi, 2007). The WHO data sample represents six countries, the States
included, of predominantly breastfed children. Feeding guidelines far thasided in the
sample followed WHO and AAP feeding recommendations; these inctadstteeding for at
least four months, introducing complementary foods by six months, and beelrstf continued
through at least 12 months of age. The CDC growth chart is based on a smallerasahtame
from a series of nationally based surveys. Breastfeeding was not r@meeputi for inclusion and
in fact few reported breastfeeding longer than a few months. UnlikeRRestandards, which
also lack growth data in the first two months, the WHO collected growdh2datimes during the
two-year collection period. This allowed for documentation of the fegignt growth changes that
occur in early infancy. When comparing growth charts and looking at e-ddterences in
weight-for-age, length-for-age, weight-for-length, weight-for-heiginid BMI, de Onis et al.
(2007) found U.S. children were significantly heavier than reflectélde WHO sample. The
variance between charts is likely a result of the differeimcdssign between growth charts.
Some of these differences include feeding practices and overalligmesfislata collected.
Understanding of such differences is key to providing useful interjonetait growth in children.
For example, the WHO growth chart will likely show a decreased presénwdrautrition, but
an increased estimation of overweight and obesity (Grummer-Straiml® & Krebs, 2010).

12



In an article released by the CDC in 2010 that reviewed the use of WeHOZC growth charts,
they suggested use of modified WHO growth charts for U.S. childrert@@4 months
(Grummer-Strawn et al., 2010).

Assessment of growth, which occurs at an exponential rate in infareggential when
tracking nutritional problems. Growth is recorded not only in weight andhebgt head
circumference as well due to brain development during this time. Idembificztskewed
growth patterns allows for further evaluation resulting in intervesatiorcorrect problems before
long-term complications arise. Growth charts are available td assigluating an infant’s rate
of growth in relation to growth of other infants. When using growth chiastelpful to
understand the primary differences between WHO and CDC growth chart€Dthgrowth
chart offers a growth reference for children based on a particular tine pearchildren in the
U.S. The WHO growth chart provides a growth standard for children worldimwiilg in
environments that allow for optimal growth (Grummer-Strawn et al., 2010).

Section 3 — Assessment of Development

A more general form used to assess development, The Bayley Scale of Infant
Development (BSID), is a recognized standard used to assess thé devetapment level of
young children from birth to three years of age (Nellis & Gridley, 1994). alsisale frequently
used in studies addressing issues of cognitive development early imhiéescale assesses
multiple components, thereby allowing for a comprehensive evaluation argtetdion of a
child’'s progress. The latest version of the scale includes fiveagisecognized in for their
involvement in the developmental process; they include: cognitive, lgagotor, social-
environment, and adaptive behavior (Albers, & Grieve, 2006). Providing a genezical
standard allows for increased functionality through the recognitioncohgaished areas of
development, pinpointing areas of developmental delay, and identifying intenseappropriate

for the targeted delay (Nellis & Gridley, 1994). Despite revisions raheprove the scale, it

13



has continued with the original purpose, providing a standard resource répgedencommon
level of development in children of this age range (Nellis and Gridig94).

As described by Rose, Feldman, and Jankowski (2004b), infant visual remogeiftects
cognitive development through its role in memory and novelty preference .nmgjor
assessment techniques include visual paired comparison (VPC) and rabiti&ie VPC
technique is conducted by presenting a stimulus (or pair of stimulbgmeaed as the
familiarized stimulus, followed by presentation of a new stimulus taheshfant’s recognition
ability based off of an infant’s preference for a novel stimulus. topeeference over the
familiarized stimulus comes from the “observation that attention wartkghe repetition of an
event and recovers when the event changes” (p. 76). Habituation, the sepom:ohnique
described, presents the same stimulus until attention becomes disenbaigatisengagement is
defined differently throughout studies, but typically includes a dedatitime spent looking at the
stimulus; at which point a new stimulus is presented. Regained attemtiofpcused on the
new stimulus, is how memory is then measured. The time spent processingtadiciat is said
to decrease, as infants get older. More specifically, recognitomony is thought to
systematically increase between three and 12 months of age (Rbs2G4b).

Attention, found in any component of cognitive development, and a key factor needed for
execution of visual recognition is prominently described through changes imdtearbupled
with looking at the stimulus (Rose et al., 2004b). Those described atoskers, who fall
below the median of look duration in a group, typically have shorter look dulaticn
increased number of shift gazes on the stimulus. Decreased looking &ilse lisflected in
greater memory. Long lookers, those with reported a look time aboveotiiemgedian, typically
spend more time processing, with fewer shift gazes. As Rose dd@bjescribes, “their
looks tend to be more narrowly distributed” (p. 89). Longer look durations andr gloveessing
speeds have been associated with lower 1Q and language cognititiesaddéiéen later in
childhood (Rose et al., 2004b).

14



Visual habituation in infancy, assessed through varying procedures, is ttmugfitect
one of many components involved in the complex process “for learning and cognition upon
which higher-order functions are constructed across early childhood” (Gol&nMitchell,

2009, p 230). One way to test this is through paired-comparison trials as was dahenblyaC
Richman, Shaddy, Greenhoot, and Maikranz (2001). This study tested 72 four-nebintiasuts
with the purpose of assessing the relationship between recognitiommace with look
duration. Seated in a car seat with electrodes strategically ptaoelddtrocardiogram measure,
infants were presented with a face as the stimulus in both thestoaed familiarization period.
The face remained on the screen until the infant accrued 20 seconds of lodkengtemulus, as
the primary measure in testing was peak look duration. Assuming sutoesspletion of
familiarization period, the infant was then presented with twouditithe now familiarized
stimuli plus a novel stimuli, placed parallel to one another foctioéce trial section of testing
that was conducted twice. Infants were randomly given either a five sctid look duration
in the initial choice trial before stimuli were repositioned fa $lecond trial, again using the
same allotted look time as the first trial. To calculate noveltigeprce, which is the percentage
of time spent looking at the novel stimulus versus the familiar stimileg summed the total
time spent looking at the novel stimulus in both trials and divided it byutheo§the duration of
both trials. Results of the study reported 55.2% as the mean novedisepef; suggesting
recognition was not by chance. Those with a shorter look time were keyetd show
recognition of the novel stimulus than their counterparts of longerdeole keeping with the
hypothesis, researchers found no supporting evidence in trial lengthagasegerformance for
long-looking infants, as infants in both the five-second and 15-secontkdhals were able to
show preference for the novel stimulus. Thus, indicating “the respotise $timulus novelty
within the paired-comparison paradigm [to be] initiated over a rebatigpid time course” (p.
1613). This supports the evidence of previous work suggesting shorter lookmktatbe
equivalent with higher levels of cognitive performance outcomes (Colotrdlg 2001).
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Assessment of development allows for a variety of age-approprifiteidees. As a
child ages it is expected that time spent in initial cognitive presessl decrease, thus reflecting
an increased processing speed. Many of the procedures used to assepsngat allow for
modification dependent upon available environment and equipment. While madigsstse a
computer screen to present the stimuli another study used a make-shift &tidr to present and
observe testing of visual information processing (Colombo & MitcBeD9; Rose, Jankowski, &
Feldman, 2002; Kennedy et al., 2008).
Section 4 — Growth Related to Feeding

In the DARLING (Davis Area Research on Lactation, Infant, Nutrition, armave)
study, Dewey et al. (1992) examined the difference in growth pattemiguofs breast-fed
(n=46) having followed the AAP feeding recommendations to infanedominantly formula-fed
(n=41). They found the weight of formula fed infants to be significantlgtgrdor both males
and females than seen in breast-fed infants. Formula-fed malesgwnéfieastly longer than
breast-fed malegp(< 0.05). No difference was found in the length of females. Head
circumference throughout the 18-month time span was relatively constanebefweps. Z
score analysis showed the mean weight-for-length score to be notieasbligdn seen in
formula-fed infants; further supporting the known difference in weight, duength noted in
the different feeding practices. Between group weight differencesatavident until the six-
month mark, when solid foods are introduced (Dewey et al., 1992). Thislisllikked to
differences in how breast-fed babies and formula-fed babies sel&tegainsumption. The
article concludes that the lack of rapid growth found in breast-fedtinfa nothing of concern,
but rather is likely a normal pattern of growth. The authors go on to subgédstdings of the
study to be consistent with the findings of studies using simildoesmanomic populations.

Dewey (1998) reviews 19 studies, done after 1980, focused on the comparison of growth
in breast-fed and formula-fed infants of affluent populations in theirlfgsnonths of life. Each
feeding group had a minimum of 20 subjects. Some studies included infants in their
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breastfeeding groups if any amount of breast milk was consumed, with no regardutaf
supplementation. Others followed a more stringent classification pracés®onsidered an
infant to be included in a breastfeeding group if the infant was exclusiwgtbed or breastfed
for at least a portion of the measured time. Although little differamtieg@ar growth between
different modes of feeding was observed (seven of 17 included studies), atsallastearence

in weight gain was seen. In fact, “nearly all of the 19 studies indicatiothaila-fed infants
gain more weight than breastfed infants during the first year of |¥eyi after the introduction
of solid foods which happens around four to six months of age (Dewey, 1998, p. 99). This
difference was typically more prominent after four months, and spaityfbetween the six to 12
month age marks. Of the 19 articles, the seven that reported on head ¢goamfeund no
consistent difference between mode of feeding and head size. Review of theéid® atudes to
a distinct difference in growth between breastfed and formula-fed snfaith particular
emphasis on “a longer duration of breastfeeding [to be] associated witdr giecine in weight-
for-age z-scores during the first 12 months” (1998, p. 100). Results should bestetkipith
caution, as the definition of breastfeeding was noticeably differentbatstudies.

An observational cohort study completed by Kramer et al. (2004) studieddbts eff
varying feeding practices on infant growth throughout the first year ofTifes large study of
close to 17,000 healthy infants, included infants recruited from medigatiés in the
surrounding republic of Belarus. Methods came from the PROBIT (Promotiéreastfeeding
Intervention Trial) study, and included an experimental (exposurérteastfeeding intervention)
and control (followed standard clinic practices) group. Infant dasaceldected at six different
visits over the 12-month time period. During these visits, assasswigfeeding practices, onset
of illnesses, and anthropometric measures were collected.xpagmaental group followed
infant feeding recommendations supported by the WHO and CDC. This includesiexcl
breastfeeding for the first four to six months while continuing on with paetalifgs through at
least the first year, and longer if desired. Results of the studg thenweight-for-length, length-
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for-age z scores, and head circumference of formula fed infants to béaighfgreater than
breastfed infants around the six-month mark. Head circumference, a nmgasaky of
inconsistent or insignificant findings, was reported as significantigller between the nine and
12 month age period in infants receiving formula and milk sources outsideast bigk. The
study supports results of previous studies, which suggests formutdefets grow at an
increased rate, predominantly after three-months of age, than is seersifetirigdants.
Although further longitudinal data is needed to support such inferdheestudy suggests
breastfed babies may be at a reduced risk for obesity later ifT ity attribute this to the early
growth differences found in breast and formula fed babies. The authorsg@udhecee
explanations for this difference in growth between groups: level ofiggpentrol, differences in
rate of energy metabolism, followed by rate of adipocyte proliferatibkelg result the two
former explanations (Kramer et al., 2004).

A study conducted in the United Kingdom interested in further analysis offttoéseof
infant feeding practices in childhood, used the Millennium Cohort Study (MC®)sess 10,533
healthy, predominantly white, singleton birth infants (Griffiths, Smeettykites, Cole, &
Dezateux, 2009). The study collected data in two separate settings. At appedximme
months of age the initial home interview began with collection afifigepractices data and
infant birth weight. The second interview, at three years of age, inchrdbropometric
measure. To classify feeding practices, they followed the WHO reeondations for exclusive
breastfeeding, or were classified as predominantly breastfed if, hasimgported formula use,
breastfed with inclusion of clear sugar-free liquids prior to recomntiemdaDespite more than
half having reported breastfeeding initiation (68%), the majority did notntenbreastfeeding
past four months (60%) (Griffiths et al., 2009). The study also reports intimaof solid foods
was initiated early for about two-fifths of the sample included. Reetithe study found a small
but significant difference of 0.22 kg in weight gain between those breastiedraum of four
months and those breastfed less than four months. The difference was diemn(@rhé kg)
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between those breastfed a minimum of four months and those never bredsifad) adjusting
for height, early introduction of solid foods did not report significanageight gain that
controlled for gender, age, and birth weight, through three years. Gré#fithsolleagues go on
to explain this suggests infants are “heavier but not fatter at 3gfeage” (p. 579-580). At
three years of age, those given supplemental feedings gained morerasgidjlytthan those
breastfed a minimum of four months. Such findings support claims of breastfémgiacting
growth beyond infancy. Although the reported individual differences aré, sheahrticle
suggests such findings are important at a population level considerintditoeoa modifiable
risk factor in the future, but after looking at additional eviddnma future longitudinal studies
(Griffiths et al., 2009).

Substantial evidence suggests a difference in growth patternsbdivemast and formula
fed infants. The majority of studies report formula fed infants gainhweigre rapidly than
breast fed infants. Studies comparing sex differences typicallytfrd to be a greater
difference in males than females (Dewey et al., 1992). Few studies rejftetence in head
circumference between feeding patterns although one study did find formutdafets between
three and six months to have a marginally larger head circumference. étpthéminor
increase diminished between nine and 12 months when formula fed infants repoedd a he
circumference smaller than breastfed infants (Kramer et al., 2004 .difference may be
related to breastfed infants being better able to self-regulatgyeconsumption, although there
is still a need for further evidence to support such assumption. The miifdreweight gain has
highlighted concerns related to childhood obesity, but again furtheme¢ide needed.

Section 5 — Development Related to Feeding

In 1993, Rogan and Gladen completed a longitudinal study that examined infant feeding
mode in relation to later cognitive performance of 383 primarily whitill®-class subjects
already enrolled in a prospective study between 1978 and 1982. Participantstegoszsal
into five different groups based on the mother’s reported feeding mode aridrd(ifat
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breastfed). Development was measured using the Bayley Scales, iWc8zates, and school
report cards of third grade and later. Multiple regression techmigeaised to examine the

relationship based on each of the cognitive test scores to duraboeastfeeding.

The results of the study showed an overall trend toward greater Bttnese that were
breastfed in each of the varying subscales incorporated into the stuglypsyidnomotor
development section of the Bayley scales of infant development indibatesirhostly breastfed
for 20 plus weeks exceeded those mostly breastfed less than or equalwedhsiby two to four
points. The McCarthy scale showed overall “trends towards higherssaih increasing length
of breastfeeding, but the relationship was weakest for motor spal&8§). Grade card analysis
found breastfed subjects to show a grade increase for both EnglistatindThe increase in
math grades was of no statistical significance but was of a malgieafor English (Rogan &

Gladen, 1993).

Several studies to date have compared the association of feedingpnsodaitive
development throughout childhood (Fergusson et al., 1982). Results sometiomae bec
shadowed when including the multiple number of variables thought to affécbstaomes
outside of feeding mode. Here Rogan and Gladen (1993) made a strong attempybtdar the
child’s age when testing was administered and type of cognitive measswed. They also

controlled for the extensive list of confounding variablesdsity included in former studies.

A previously mentioned study by Kramer et al. (2004), reported on growthdradate
feeding practices in the first year of life. Using the same methodgopulation from the
PROBIT study Kramer et al. (2008) conducted another study, this time lodkimg relation
between duration of breastfeeding and cognitive development latf. irlinically children
could not be randomized on feeding practices, but were instead randomizexpitinental and

control groups included in the PROBIT study. The experimental group incegoesiources
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within the hospitals that encouraged continued breastfeeding accordind@br&riendly
Hospital Initiative created by UNICEF and WHO. Thus, the control group made
modifications to infant feeding practices supported by the hospital PR@BIT study found the
intervention to be successful as the experimental group had greatfdediag durations than
the control group through to the first year. Participants were then eadiltagix and a half years
of age using the age appropriate Wechsler Abbreviated Scalesliiféntze (WASI) cognitive
development scale. School subjects were also evaluated from tes&dhnersd the study for
those 75% enrolled in school. Results of the study found a general trendeaflIiQdgpoints in
the experimental group in both the WASI and teacher ratings. For examplep¢henextal
group was seven and a half points higher in verbal 1Q. As for duration of beshstf, results
indicated overall higher scores associated with prolonged duration elndieixy of
breastfeeding. Following exclusive breastfeeding from three to gthateor equal to six
months identified a 4.7 greater verbal 1Q score than for those thatiegbluweastfed for less
than three months. Not all areas of testing, like that of nonverbal I1Q, fourmifecaig
difference in scores. In both teacher ratings and the WASI scale, wezaalires reported

greater significance than seen in performance measures.

Whether it is the contents of the milk, outside factors, or both assbuidtethe
differences of IQ scores between those exclusively breastfeddogerlperiod of time is still up
for debate. This topic is discussed further by Kramer et al. (200®) suggested enhanced
cognitive development may come from interactions of the mother and chihg) deedings.
Another possibility researched is a difference in specific nutreardshormones found in higher
concentrations in breast milk. Two of these include the insulin growth fleehal
docosahexaenoic acid (Kramer et al., 2008).

Docosahexaenoic acid (DHA), a natural component of breast milk, has bgestsddgo

be essential for early cognitive development. In a recent study, long chaingadurated fatty
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acids (LCPUFA), with specific interest in DHA, were asseseethkir role in cognitive
development in nine-month old infants (Drover, Hoffman, Castafieda, Moraleci, B009).
Researchers used means-end problems solving, which is the ability to ecanalsk in a
sequential manner, to assess infant level of cognition at the nine-montkiblditie means-end
problem solving testing procedure has been associated with predictin@lated vocabulary
skill level around the three-year age mark. Understanding prestiodies have found varied
results, this study controlled for limitations noted in those pres/studies. Here the DHA
supplement was closer to the level found in human milk where in some of the pstuidies
this percentage was much lower. They also assessed the infariteefyartanner relative to
DHA supplementation, allowing for less room for error between time ofgeatid time of
supplementation. The 229 healthy, singleton-birth infants included in thecstodyfrom three
different randomized controlled, double blind trials in surrounding Dalkessa In each study
infants were randomly assigned to either a LCPUFA formula-supplementedtay group. To
keep the three studies separate, Dover and colleagues idehifiecs a 12-month feeding
study, a six-week weaning study, and a four to six month weaning study. Ttvelastthe
three studies included breastfeeding infants. The six-week weandygiistiuded a
breastfeeding period for the first six weeks at which point infants then transitioned into
formula feeding. The second breastfeeding group was breastfed four to six prartts
weaning and transiting over to formula feeding. At nine months of age, imfarggested on
their ability to perform a consecutive series of six tasks, thygrate times and given a score
based on the infant’s level of intention for each particular, t&dsults of the study found no
difference between diets for infants in the four to six month weaiinly group. The six-week
weaning study and 12-month feeding study found those in the LCPUFA formula-supgei@ment
group to have a significantly higher percentage of success in completingealtrials.
Specifically, the six-week weaning study found 46% in the LCPUFA group cechpa 13% in
the control trial to have successful completion in all three tritle 12-month feeding study
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found 51% of the LCPUFA group to have successful completion compared to 29% dntiiod ¢
group. The six-week weaning study also found the LCPUFA group to have a siglyificgher
percentage (35%) of perfect intention scores compared the control (sesemtpelin summary,
results from the study suggest DHA supplementation of .36% of LCPUFA to Ipmsaitize
effect on infant cognition. With DHA being a natural component of human milklee longer
duration of breastfeeding group reporting no differences in problem solvingdretiieds, there
is consideration of the benefits not being limited to the supplementationof LCPUFA

(Drover et al., 2009).

In a study by Kennedy et al., (2008) using adapted visual information processmagV
an assessment measure; growth was assessed in relation tove@dpilities of infants from
Southern Ethiopia. The study included 69 six to eight month old infants who ¢tedp&% of
the VIP trials. Each trial consisted of a familiarization phasse two test phases, for
presentation of the novelty stimulus. The primary variables asséggag testing were duration
of look and frequency of shifts. Anthropometric measures were collesteg standardized
techniques. The study hypothesized poor infant growth would negatifedy &fP trial
outcomes. Of the anthropometric measures included, weight-for-age andrbeadezrience
showed significant relations with VIP. Longer look duration during fanihtion was reported
in smaller weight and length-for-age infants. Considering the majoribfasfts were below the
mean weight of children in developed countries, it is possible that suthds relate to
immediate nutritional status, as weight is an indication of shtrer than long-term status

(Kennedy et al., 2008).

Cognitive development continues to show a level of difference betweers mibde
feeding. There is an overall trend of breastfed infants to perform bettefdrmula fed infants.
The degree of performance difference is reported higher somesstinaliein others. However

large or small the degree of difference it still favors thoaewlere breast fed over those that
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were formula fed. The composition of breast milk and its nutrients like,DétAains of interest

in its effect on the brain and hence cognitive development.

Section 6 — Summary

There are multiple positives associated with breastfeeding, bbthety.S. fails to meet
infant feeding recommendations as outlined by the WHO and CDC. Growth niifsrbetween
breast and formula fed infants used to be more difficult to interpret duevithgcharts based on
the reference data coming from formula fed infants. However, afterc¢hags were updated
with a reference population following breastfeeding recommendatiess tifferences
continued. Cognitive development too shows differences between those formuid tbdse
breastfed. The differences in general follow similar patterns, thitvgroup differences still

exist and the specific mechanism for the cognitive differences h&®eon determined.
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CHAPTER Il

METHODOLOGY

Section 1 — Background and Design

This study examined the relation between duration of breastfeedutice
development, and growth of infants between three and nine months offegeesign of the
study was longitudinal and observational. It was part of alatgedy approved by the United
States Department of Agriculture. The independent variables cechpare based on the
infant’s duration of breastfeeding. They were divided into three grbugastfed at nine months,
stopped breastfeeding between six and nine months, and stopped breastfeedenytheteand
six months. The outcome variables included anthropometric z-scores (feeiglae, length-for-
age, weight-for-length, body mass index, head circumference), noveltgmpi@@ngest look,
number of looks, average duration of looks, and total duration of looks. Rbtemtfounding
factors included infant gender, age of mother, and other matertatfawluding employment
status, race, education, marital status, as well as numblefdyea in the family. The Oklahoma

State University Review Board approved the study’s methods and procedures.

Section 2 — Sample

Of the 132 infants tested, 111 were included in the study. Inclusionacdfehe study
required healthy, full-term, singleton birth infants that were predantly breastfed for their first
three months. Predominantly breastfed was defined as consuming less thesh @@nites of

formula a week. The 21 eliminated participants were each accounted theardson for
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exclusion will be discussed in the results section. Generallynaliion resulted from incomplete

follow-up visits over the period of nine months.

Section 3 — Procedures:

Participation included three visits, one at each three, six, and omé @ge mark ( +/- 2
weeks). At each visit anthropometric measures and visual infornpatioassing procedures
were conducted. Aside from written permission, procedures were explarnadhout the
sessions with clear understanding that any procedure would be stopped at theofeaes
mother at any point in time. The Adult-Adolescent Parenting Inveii#oP1) test form and a
demographic questionnaire were both administered at the 3-month visipl#rdsponses were
taken from these questionnaires for assessment of confounding vardbitgsinclude: race,
infant gender, marital status, income and education level, number of childdegmaloyment

status.

Section 4 — Anthropometry

At the end of each visit infants’ growth was assessed using basioEometric
measures. Length was measured on an infant length board (Shorr ProdunggriviD,
accuracy to 0.1 cm). This was done twice to assure accuracy. A third msasuaken if the
first two measures were not within one centimeter of one anotherouflier was discarded
before the two measures were averaged. Two research assigintsed to properly measure
the infant’s length and results were then recorded. The measunerdagsiinfant was flat on
the board with his or her head against the base of the board by using one hang fésmbn
the infant’s knees to fully extend legs for an accurate measureasststant stabilized the
infant’s head against the top of the board. Head circumference wasretkasing a non-
stretchable plastic feed-through measuring tape placed aboweetivrews and ears around the

thickest part of the head. Weight was measured on an infant digital esajeat] to give an
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automatic average of multiple measures (Seca, Columbia, MD, accar@®pP? kg). The infant
was weighed in light clothing and a dry diaper. Following anthropometric da¢ateai, BMI

and z-scores, using the obtained measurements, were calculatgthasiVHO Anthro software.

Section 5 — Dietary Assessment

At the three-month visit mothers were asked to complete a 24-hour fotidisiog the
documentation sheet sent home with them following the visit. Food recalictishs were
provided and information was collected within a week from the initial. visil participants were
loaned a portable infant scale for mothers to weigh the infant before andadh feeding. Time
of feedings and amount consumed if using a formula were also recorded in the&eca
comprehensive semi-quantitative dietary questionnaire regardingeshn infant feeding
practices between the previous and current visit was recorded &t #mel $iine month visits.
The questionnaire provides documentation of whether the infant was stilsieety breastfed,
infant formula use, estimated time period of solid food introduction, estinfratguency of

formula or solid food consumption, and any use of supplements.

Section 6 — Visual Habituation

At the start of each visit visual habituation was assessed.ngd @séparation began with
infants securely placed in a car seat with their mothers standindydivebind them as an
additional precautionary measure. A 22-inch wide computer monitor walplaectly in front
of the infant to view the static stimuli. Behind the monitor, a blactan was hung to eliminate
potential distractions and to disguise the video camera used to reeandeint’s look. Cables
connected the video camera to the screen used in the observation viewing emantadjthe
procedure room. Testing procedures followed those outlined by Colombo, Richman, Shaddy,
Greenhoot, and Maikranz (2001). To begin infants would first participateahigvknown as the

familiarization phase. Here they were presented with a sindlie, ienulus of a randomly
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selected face in which they would need a look of at least one secondprefmeding further.
The infant continued in this phase until habituation criterion was mdiitudéion was
considered two consecutive looks focused on the stimulus, at half the tiheernéan of the two
longest looks (Colombo et al., 2004). The familiar stimulus was therdpaiite a novel
stimulus for two trials, each requiring 10 seconds of accumulated loakthg three-month visit.
This time period was reduced to five seconds of accumulated looking sik and nine month
visits. Throughout testing an experimenter would code the infatks ltoward or away from

the stimulus using a computer mouse and the program would then recordntiesse ti

Section 7 - Statistical Analyses

Means, frequencies, and descriptive statistics were asgessdidsariables including
infant feeding patterns and introduction of solid foods. A mixed model ANO¥# lve
conducted for each dependent variable included in the analysis of growth antveogni
performance. The three different feeding groups at nine months of agstfddeformula fed for
six months, and formula fed for three months were the between-subjecs fathe comparison
at three, six, and nine months was the within-subject factor. A mixed model MANEY¥ then
used to analyze any relationships between dependent variables witange ¢o the independent
variables. After running the variables without covariates, weih&die at three months was

then included to assess any significance with this included.
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CHAPTER IV

RESULTS

In analyzing the results of the study the participants were divided net® fibeding
groups based upon the mothers’ reported breastfeeding responses as oapbdezix and nine
month dietary questionnaires. Research assistants reviewed thieroquadses to confirm that the
responses used met the study’s criteria of breastfeedindpégssitequal to four ounces per day.
The subject infants in the study were classified into one of thrdmfegroups: breastfed at nine
months, stopped breastfeeding between six and nine months, and stopped direabiideeen
three and six months. The study concluded with a comparison of differencgisropametry
and visual habituation measures between the three feeding groups.

The sample consisted of 111 infants, with 132 tested. Twenty-onesimfardg excluded
as a result of failure to complete the longitudinal trial. In caingahose excluded with those
left in the sample, there was no difference in maternal race (chiesgua0.787), education (chi
squarep = 0.194), income level (chi squapes 0.340), age (t-tesp,= 0.953), number of
children (t-testp = 0.475), or infant gender (chi squagpes 0.965).

Section 1 —Maternal Characteristics of the Study Sample

Table 1 below presents the maternal characteristics afahmgple. The mean age of women was
28.3 * standard deviation of 4.4 and a range of 19 to 42 years. The majerdyneh were

white (88.3%), married (90.2%), and well educated (67.5%llege graduate). One participant
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reported separated and was thus placed into the divorced group under ratuigal st

Table 1: Maternal Characteristics (1= 111)

Variable Number Percentage
Race
White 98 88.3%
Hispanic 2 1.8%
Native American 8 7.2%
Asian 2 1.8%
Black 1 0.9%
Education
Less than High School Diploma 1 0.9%
High School Graduate 4 3.6%
Some College 31 27.9%
College Graduate 29 26.1%
Post Graduate or Above 46 41.4%
Employment
Employed Full-Time 31 27.9%
Employed Part-Time 18 16.2%
Unemployed 60 54.1%
Retired 2 1.8%
Annual Household Income”
Under $15,000 13 12%
$15,001 - $25,000 17 15.7%
$25,001 - $40,000 22 20.4%
$40,001 - $60,000 27 25%
Over $60,000 29 26.9%
Marital Status
Married 101 91%
Unmarried 7 6.3%
Divorced/Separated 3 2.7%

AData not reported by three subjects
Section 2 — Sample Characteristics

The infants of this sample included 57.7% females and 42.3% male®s Twblthrough
five below describe the characteristics of the study sample. Tthibution for number of
children per family was skewed so mean and then the frequenciesepered. The mean
reflected about two (1.8 + 0.9) children per family. However, whersssdausing frequency the
number of children was overwhelmingly closer to one child per family (46.&8%erall children

included in the study were considered healthy (97.3%) as reported by the mothetwdnl
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infants were reported as unhealthy prior to the study, but were diilllettas they were of good
health at the time of study.

Table 2: Characteristics of Samplerf=111)

Variable Number Percentage
Gender
Female 64 57.7%
Male 47 42.3%
Number of Children in Family
1 52 46.8%
2 40 36.0%
3 12 10.8%
4 5 4.5%
5 2 1.8%

Table 3 describes what mothers reported feeding their infant ateneftthe visit. The
diets of the sample represents 73.9% of the sample were still fa@astthe nine-month visit.
The diet questionnaire does not give full representation of the santpéesat months due to
four infant visits occurring prior to the time the study began catigghis information.

Although not included in Table 3, one subject reported feeding cow’s tmiik@months. A

small number of mothers € 4; 3.6%) reported solids had yet to be introduced at nine months.
The majority (81%) reported introducing solids between four and six monthsafloilg 15%
waited until the infant was older to begin offering solid foods. The nuoftfeods reported as
being fed at the time of the visit increases substantially batgigeand nine months. Those
eating meat at nine months (n = 57) is significantly greater thanepaged at the six-month

visit (n = 7). Parent-reported total supplementation, which inclinesombination of both
vitamins and medications, did increase between the six and nine month period. nsiee it

of medications and supplements reported can be found in the appendix. The repoptdafium
infants that took a vitamin supplement of some form was about half oftéh@aonber reporting

supplemental use at six months. However, this number was also smallemiaethgonth visit
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than the six month. General reporting of supplemental use did not really civengiene. The
primary vitamin supplement reported was vitamin D.

Table 3: Diet of Sample at Six and Nine Monthsn(= 111)

Food 6 Months” 9 Months
Frequency (%) Frequency (%)

Breastfed 90 (84.1) 82 (73.9)
Formula fed 17 (15.9) 29 (26.1)
Baby Cereal 82 (76.6) 94 (84.7)
Fruit 31 (29) 91 (82)
Vegetable 50 (46.7) 91 (82)
Meat 5(4.7) 57 (51.4)
Dinners None 19 (17.1)
Infant Juice 10 (9.3) 37 (33.3)
Desserts None 11 (9.9)
Table Food 13 (12.1) 72 (64.9)
Regular Supplements* 20 (18) 23 (21)
Vitamin/Multivitamin* 10 (9) 8 (7)

A Data not reported by four subjects; *Supplementatienill

A research assistant later categorized all participattneastfeeding groups as
describe in Table 4) that were used for further analyses of diffesebetween groups based on
duration of reported breastfeeding. The number of participants repopeedasninantly
breastfed versus those that switched over to formula feeding does esgardg match what is
reported in the previous table. This is due to the four missing frosiximonth dietary

guestionnaire. Thus, explaining the differences in numbers.

Table 4: Breastfeeding Groups Tested(= 107")

Breastfeeding Group N %

Predominantly Breastfed at 9 Mo 78 73%

Stopped Breastfeeding 6-9 Mo 13 12%

Stopped Breastfeeding 3-6 Mo 16 15%

" Missing 4 from originah = 111 due to visits occurring prior to dietary component
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Infant visits as described in Table 5, under age-in-days, occuittéd the allotted time
period of plus or minus two weeks, three months past the previous visid Bainples t-test
was used to compare results over time. For example, three-monthveistsompared with six
or nine month results and six and nine-month results were compared. Signifieenioeind at
all three pairings for age in days£ 0.000) As described in Table 5, most measures show
expected growth over time (i.e., no change as an infant growing typicallg Wwawé a z-score of
zero at all three time points) with the exception of length, which dexteagr time. Length-
for-age, though not significant between three and six mopth€(161), was significant between
both six to nine monthgE 0.001) and three to nine montips=0.000). Weight-for-length and
BMI both reported significance at all three pairings. Despitk batight and length reported as
decreasing over time, when combined as weight-for-length the mean of the dahgvledually
increase between the three visps=(0.0017;p = 0.001;p = 0.000).

Table 5: Anthropometric Characteristics of Sample ( = 111)

Variable 3 Months 6 Months 9 Months
Mean + SD Mean + SD Mean + SD
Age in Days 92.84 +9.78 181.76 +9.16 271.61 + 11.18
Weight-for-agé 0.43 +0.95 0.13 £ 0.96 0.22 £ 0.96
Length-for-agé -0.11 +1.09 -0.22+1.07 -0.49+1.07
Weight-for-length 0.25+1.10 0.47 +1.03 0.70+1.00
BMI? 0.15+1.04 0.36 +£1.04 0.67 £1.02
Head circumferenée 0.90 £1.99 0.92 +£2.43 1.05 + 2.34

Zindicates z-score used for variable

Table 6: Anthropometric Paired Samples T-TesP-values

Variable 3 to 6 Months 6 to 9 Months 3 to 9 Months
P Vvalue P Value P Value

Age in Days 0.000 0.000 0.000
Weight-for-age 0.089 0.092 0.016
Length-for-age 0.161 0.001 0.000
Weight-for-length 0.017 0.001 0.000

BMI 0.015 0.000 0.000

Head circumference”| 0.961 0.661 0.600

Degrees of Freedom = 110; HC Df = 109 (3-6 Mo; 3-9 Mo), Df = 110 (6-9 Mo.)
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Table 7: Visual Habituation Characteristics of Sampleif = 111)

Variable 3 Months™ 6 Months 9 Months
Mean + SD Mean + SD Mean + SD
Novelty Quotient” 0.49+0.19 0.56 £ 0.16 0.56 +0.11
Longest Look 60.56 + 88.69 17.06 + 16.92 11.02 £ 6.81
Total Duration of Looks 134.54 + 154.32 48.80 + 34.97 35.51 +21.93
Number of Looks 6.68 + 3.0D 7.68 +4.52 7.08 +£3.13
Average Duration of Looks 21.34 £ 25.50 7.30+6.18 514 +£2.17

AAt 3 mo. n= 98; 6 mo. n=108; 9 mo. n=109; "Excluding novelty quotient, 3 mo. n=110

Table 8: Visual Habituation Paired Samples T-TesP-values

Variable 3 to 6 Months 6 to 9 Months 3 to 9 Months
P Value P Value P Value
Novelty Quotient 0.005 0.935 0.003
Longest Look 0.000 0.001 0.000
Total Duration of Looks 0.000 0.000 0.000
Number of Look 0.044 0.203 0.354
Average Duration of Looks 0.000 0.000 0.000

Degrees of Freedom = 109 (3-6 Mo. & 3-9 Mo.) Df =110 (6 -9 Mo.)

Paired samples t tests were computed for each visual habituatioriestoiabsess any
differences between each of the three visits. The novelty queéigable found a significant
difference between three and six monihs 0.005) and between three and nine mo(ghs
0.003). However, no significance was found between six and nine mpnttis9435). As for
the log transformed longest look variable, significance was expbetween each of the three
pairings: three to six monthp £ 0.000), three to nine months £ 0.000), and six to nine months
(p =0.001). Total duration of look and average look also reported signifiehmadiehree
pairings p = 0.000). The only significance found for number of looks was between threexand si
months p = 0.044). Visual habituation characteristics results describereaged number of
looks and time spent looking to have decreased over time. The drop in number of loake&and t
spent looking drops at a greater rate between three and six months as tpfusediference

between six and nine months.
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Section 3 — Breastfeeding Groups and Relation to Demographic Variables
To test any potential confounding variables effect on duration oftbeedsg, Pearson’s
Chi Square and Oneway ANOVA statistical analyses were tested. Asmdigole 9, no

significance was reported for any of the listed variables.

Table 9: Breastfeeding Groups in Relation to Potential Confoundg Factors

Variables Pearson Chi Squarep value
Breastfeeding group*RaceAAPI 0.823

Breastfeeding group*EducationAAPI 0.677

Breastfeeding group*Income Level 0.200

Breastfeeding group*Marital Status 0.940

Breastfeeding group*Gender 0.361

Oneway ANOVA p value

Number of Children: Between Groups 0.247

Mom Age when Taken: Between Groups 0.847

Income Level: Between Groups 0.119

Section 4 — General Linear Model Results for Anthropometry ad Visual Habituation

We used general linear modeling to examine if there was a change mpantletric and
visual habituation variables over time (three to nine months of mgelation to breastfeeding
group using the Wilk's Lambda test for significance. Using weight-§eras the dependent
variable, there was a significant time effect as weight for aggedsed{ = 0.002) and the

interaction between breastfeeding group and time approached signifipanfed{79).
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Figure 1: Estimated Marginal Means of Weight-For-Age at 3, 6, & 9 Months
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To further explore the relation we redid the analysis with gender@ssaate but
neither the main effect of tim@ & 0.092) nor the interactions effects of time*genger 0.274)
or time*breastfeeding group & 0.093) were significant. However, when the analysis was
redone with just two time points, three and nine months both the main eftenedb = 0.001)
and the interactiorp(= 0.045) were significant. Post Hoc Analysis using least significant
difference found those that were breastfed for the entire nine monthedless change in
weight-for-age z score (Right crange= -0.0014 +0.5336) than those that stopped breastfeeding
three to six months (Right change= 0.3663 +0.3970,p = 0.012) and those that stopped six to nine

months (rTJ\/mght Change: 0.2469_+O.5897,p = 0.116 ).
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Figure 2: Estimated Marginal Means of Weight-For-Age at 3 & 9 Months
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For the length for age variable, using the previous two time points,fteeedce
between groups approached significance for both the main effect dfptim@.066) and the
interaction p = 0.099). However, using all three time points, and again length fosdbe a
dependent variable, there was a marginally a significant atiencbetween time and
breastfeeding groupg € 0.056) but not for main effect of timp € 0.169). Additional analysis,
using length-for-age at three months as a covariate found a sigh#ftect for time jp= 0.000),
and the interaction between time and length was signifipanD(000) as was the interaction
between length and breastfeeding groups over time was sign{ficai®.026). Post-hoc analysis

using least significant difference found those that were breastfduefentire nine months had
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less change in length-f@age z score (hength change -0.3815 +0.7730)than those that stopp:
breastfeeding three to six monthsength change= 0.1019 +0.7131p = 0.027% and those the

stopped six to nine months  ength change= 0.1077 +0.9461,p = 0.040).

Figure 3:Estimated Marginal Mearof Length-For-Age at 3, 6, & 9 Months

Estimated Marginal Means of Length-for-Age at 3, 6, & 9 Months
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Finally when examining BMI for age, there wasignificant increase over timp =0
.000), but the interaction betwe time and breastfeeding groyp=£ 0.537)was not significat
and did not change when BMI at three months wad ase covaria. Head circumference d
not shav any change either over timp = 0.660) or as an interidan with breastfeeding grot

(p = 0.423. This variable was skewed, but a natural loggfermation did not alter the resul
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Using novelty quotient as the dependent variable, there was no sigegficgported both
for change over timegx(= 0.292) and the interaction between groyps 0.674). A reanalysis
using only the three and nine month time points did not find significandmfbrthe main effect

of time (o = 0.185) and the interactiop € 0.374).

Figure 4: Estimated Marginal Means of Novelty Quotient at 3, 6, & 9 Months
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To normalize the distribution, total duration of looks, average duratitwoks, longest
look and number of looks were all log transformed. For both total look duratibthe longest
look variables significance was reported for both in the maintedféane (@ = 0.000). No
significance was reported with the group interaction for eithelrltmk duration p = 0.737) or

longest look |§ = 0.231).
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Figure 5: Estimated Marginal Means of Total Look Duration at 3, 6, & AthMo

Estimated Marginal Means of Total Look Duration at 3, 6, & 9 Months

BfGroup
—BF 9 months
— Stopped §-9
Stopped 3-6
450
w
=
o
@
=
=
£
>
m 4.00-
=
=
3
m
E
E =]
n
11}
3.50+

T T T
3 6 9

Time {(month)

40



Figure 6: Estimated Marginal Means for Longest Look at 3, 6, & 9 Months
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The average duration of looks also had a significant time efiec0(000), but again the
interaction was not significanp € 0.217). The number of looks did not find significance for

both the main effect of timg E 0.923) and the interactiop € 0.307).
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CHAPTER V

CONCLUSIONS AND DISCUSSION

Section 1: Conclusions

The majority of infants included in the study came from familiesvilesie white, well
educated, married, mother reported as unemployed, and a household annual income of $25,000 o
greater. It was also found that participants excluded from the study did mificaigly alter the
previously mentioned socioeconomic and demographic factors, nor did it signyfiatetlthe
distribution of infant feeding groups. The study found covariates includargal status, race,
income level, number of children, infant gender, and level of educationecaing effect on the

duration of breastfeeding.

Section 2: Relationship of Findings to the Literature

Infant Feeding Recommendations

The majority of mothers reported following infant feeding recommendadi®naflected
in a study sample with a distribution skewed toward a larger number of pantscipaom
reported continued breastfeeding at nine months. It is assumed that byingramwith
breastfeeding participants will continue, following the recommeodati breastfeeding into the
first year of life as described by the AAP and WHO. As part of thatiéeding

recommendationthe WHO and AAP, solids are to be introduced at about six months of age
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(AAP, 2005). Although some did not adhere to the six-month introduction of solid foods
recommendation as noted in the nine-month dietary questionnaire, the majoriypelz &
continue following the breastfeeding duration guidelines. A minimal nuoflEarticipants
followed supplementation, specifically iron and Vitamin D recommendatiren more
surprising was the number of medications, allergy in particular, théensoteported giving to

infants as noted on the ‘other’ section of the dietary questionnaire for swgfesection.

Breastfeeding and Demographics

This study found no association between potential confounding varatiles
breastfeeding. This does not necessarily support evidence found in sometefahed. For
example, Dewey et al. (1992) found growth differences by gender in respongdirig.fe&/hile
females reported no difference in length between feeding groups, mateseperted to be
significantly longer. Literature support appears to vary by individuabcwowfing factors. In a
study by Kavanagh et al. (2008), increasing maternal education wastdatitecin relation to
parents changing infant feeding methods. Although it was proposed to havecartief was
not the case in our study. The lack of significance found in our study is posgibiytett to the
population included being very similar in general demographic charac®rigtopulations with
minimal demographic variations are likely to overlook variables tiitravise may attribute to

differences in breastfeeding durations when greater diversitylislad:

Assessment of Growth

Overall, infant growth trended towards those in the breastfgepioup to grow at a
steady pace, while those in the formula feeding groups showed more idi@stses in growth
over time. The only factor reporting significance was weight-feratghree versus nine months.
Length-for-age and BMI were extremely close to significance, hem&ill cannot be reported as

truly significant at the .05 level. Our study supports a past study weDet al. (1998), that
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looked at a large portion of studies meeting similar criteria and fosigh#icant difference in
weight gain with less of a difference in length, and no significargreifice in head
circumference. However, it does not support all literature as some faumificaint differences
in weight-for-length, length-for-age, and head circumferences as eaik/msnths (Kramer et
al., 2004). The literature compares infant growth using the diffégeding groups into the first

year while our study does not have data after nine months.

The lack of support found in the results of our study to the results of prdivésatire
could be associated with differences in sample size. For example,ataie(2004) used a
much larger sample size (n = 17,046) than was used in our study (n = 111). The imwonsist
sample size is also apparent in they way previous studies defirzstiféeeling groups. Although
our study required infants to have been predominantly breastfed for three ingfiotiesthe use
of infant formulas, this was not always the case in other literaturalfmalooked at growth
between feeding groups. When looking at how feeding groups were defined, in tfenaigsss
by Dewey et al. (1998) eight of the 19 studies defined breastfeedinglasiee breastfeeding
for a minimum of three and sometimes four months. As for those includedforitinda fed
groups, it was not necessarily a requirement to initiate beealtiy. Some were never breastfed
while others were patrtially breastfed (Dewey et al, 1992). Thetiomsan both sample size and
how authors chose to define their feeding groups may be part of the reasmnrésuits of our

study not always supporting the results of previous studies.

It is of particular interest that the largest difference in gnpapecifically weight, was
seen between three versus nine months. The introduction of solid foods is whegette lar
difference in weight was noted. Such a finding appears to support Dewey’sqatap@lanation
for these differences being partially attributed to differenceslfrresgulation between infants

that were nursed and those that were formula fed (Dewey et al., 1992).
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Assessment of Cognitive Development

Our study found no difference in cognitive development among the three feealipg gr
as assessed through visual habituation measures. The resultstotighdosnot support the
findings of previous studies suggesting differences in cognition inaelatifeeding practices
(Kramer et al., 2008; Rogan & Gladen, 1993). An important factor to keep in ntivad imost
studies were also looking at infants at one year of age, allowing thenthothearecommended
benchmark for infant feeding practices in the first year. Thus, it couddsened that lack of
significance may stem from our study stopping at nine months when in faetdisothree

months would allow for a greater difference to develop over a longedpertime.

At both the six and nine month visit, the mean novelty quotient of this studyee @ar
56% of time spent focusing on the novel stimulus versus the familiar stinthese results are
very similar to the results found by Colombo et al. (2001). They reported a mesty nov
guotient of 55.2%. Considering the similarity of results between s{udgesems reasonable to
suggest the conclusion drawn by Colombo and colleagues, that recognition did not happen by

chance, is just as applicable in this circumstance.

Section 3: Implications

Feeding Recommendations

Although the study did not find a significant difference between duratibreastfeeding
and visual habituation and growth measures, with the exception of iefgige, | would advise
parents continue to follow national infant feeding recommendati®here are many additional
benefits associated with breastfeeding for both the mother and infaritts HElaese were not
necessarily tested in this particular study, but are well sugpiortéerature and by established
health organizations. It is possible that results did not find signifgramth and cognitive
development differences between feeding groups as the study stopped bef@rentreh mark
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in which breastfeeding is recommended. The literature appears to sstpg@$ continuing
throughout the entire first year of infancy as changes are still augtinat lead to possible
differences. Rose et al. (2004b), mentions the cognitive developmeasproecognition
memory, to increase in a steady manner specifically, betweenratimeE2 months. Many of the
studies that assessed growth in relation to feeding also support thisntl2notion. In a meta-
analysis conducted by Dewey et al. (1998), changes in weight betweeranfmtmula fed
infants was noticeable beginning at four months, but even greatezdresix and 12 months.
The study goes on to report an inverse relationship lasting throughout tiyedirsvas found in
infant breastfeeding and weight-for-age z-scores. Therefore, one pagtstighis study group
was tested at a later time, some of the insignificant results rdgmmteeen breastfeeding groups

may later show significance with greater time elapsed.

Growth Differences

It has been mentioned that differences in growth between different fepdings may
stem from differing degrees of self-regulation of intake battene group than the other.
Although no differences in demographics related to feeding practicedaumd, it is likely
many other factors, not included in our study, attribute to theseatitfes in growth and self-
regulation. Some may argue one of these differences may come freremifs in parenting
style and those that breastfeed are more aware or in tune with ilg weeds. Another
possibility is the level of stress in the home that is carried into imeslt Stress at meal times
not only affects how an infant responds to mealtimes, but also to how thélyemilegulate
intake and respond to the introduction of new foods. In actuality therecdnehr combinations

of factors rather than just one that explain these differences inflgrowt

46



Section 4: Research Questions

The hypothesis of this study was that between three and nine months of agiethre
babies will have improved growth and cognitive development compatbdde that are formula

fed. Additional hypotheses include:

l. Infants who are predominantly breastfed at nine months of age will have lower
six and nine month BMI than infants who are no longer breast fed at both six and
nine months of age.

Il. Infants who are predominately breastfed at nine months of age wilbhgreater
novelty quotient percentage and shorter looking times than infants whaaer

longer breast fed at both six and nine months of age.
Hypothesis Part One:

Although weight-for-age was significantly different between three amelmionths, BMI
showed no significant between those that were predominantly breastfed atamths and those
no longer breast fed at six and nine months of age. Considering the equadido calculate
BMI: weight (kg) divided by length (meters) squared, a possible réastime lack of

significance may stem from measurement error of length as Horgtiye decreased in our study.
Hypothesis Part Two

Those still predominantly breastfed at nine months of age reported no sigific
difference from both groups that stopped breastfeeding either three torgixsnor six to nine

months.
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Section 5: Limitations and Further Research

Sample Distribution and Size

The study sample was strong in the sense that it represented anitaysdpulation,
allowing for ease of interpretation, as potential confounding varididasot skew results.
However, this could also be viewed as a downfall because it does not rgftgrtlation outside
of a predominantly white suburban geographic location. The size of the saomgevéth an
uneven distribution of participants in each of the three feeding groupalstahave attributed to
a lack of overall significance reported in the study. For future resitavokild be beneficial to
include a more diverse sample population to strengthen results of the study anshéeid g

application for a larger number of individuals.

Growth Measures

There is always the possibility for human error when cotigaiata as was done in this
study. The infants included in this study as a whole reported decreasngtin dver time.
Human error in this instance is likely. Infants at nine months are mutvildiag to lie still
while being measured then they are at six, and especially three mowtheves, aside from

double-checking data entry little can be done to fix and reassess #asares.

Further Research

Considering the length of previous studies along with the results fremttily, a study
continuing on through 12 months of age and even longer would be beneficial foreaaogs.
One reason being it would either add support to significance or no signdiclirappears that
infants begin to show greater differences in response to cognitive meastinescase visual
habituation as they become older and thus significance may be seereatgdais opposed to

great differences so early in life. Yet another significantrdmstion in a future study would be
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to include a more even distribution of feeding groups. It would be unethical toldeeding,
but by using a larger sample size with a more diverse population thisveraytself out. A more
even distribution may allow for differences that were minimal in tudysto become more

apparent when compared at a larger, more even scaled level.
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APPPENDIX 1
DEMOGRAPHICS FORM
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Demographic Information Questionnaire

Child Information
What is your relationship to the baby? Example: mother, father, stepmother.

Mother
Gender of baby __4Kale 64Female
Birthdate of baby July 5 2009
Month  Day Year
Birth weight of baby _Tbs 690z

Date of expected birth (due date)

Month  Day Year

Was the baby born by c-section? YES NO

Maternal Information
Birthdate January 07 1981

Month  Day Year

Your marital status (check one)

____Married, first time ____Single, never married
____Single, separated ____Single, divorced
____Single, widowed ____Remarried

____ Other, please specify:

Your own ethnic group (please check) Native American Nation:

1 African American

2 Hispanic

2 Asian

96 White

1 Multiethnic Describe:
___ Other Describe:

Please place a check mark next to the highest grade you complstbdah

_____@'grade ____ 1igrade
_____Tgrade ___ 1vgrade

___ &grade _____some vo-tech

% grade _____some college courses
10 grade ______vo-tech graduate

college graduate
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Please place a check mark next to the highest grade your spouse/pampleted in school.

_____@grade ___ 1igrade
_____Tgrade ___ 1vgrade

___ &grade _____some vo-tech

% grade _____some college courses
10 grade ______vo-tech graduate

college graduate

Your current householithcome per monthefore taxes (please check one)

_$ 0-100 _$2000 - 2499
_$ 100-499 __$2500 - 2999
_$ 500-999 _$3000 - 3499
__$ 1000 — 1499 _ $3500- 3999
___$ 1500 — 1999 _$4000 plus

Is your current spouse/partner the father of the baby (check one)
___yes no

Ethnic group of the biological father of the baby. (please check)

Native American Nation:
African American

Hispanic

_____Asian

____ White
Multiethnic Describe:
Other Describe:

Do you currently receive state or federal financial assistancetk(eaBanany as apply)

26 WIC 2 _Unemployment benefits
0  TANF 1 Energy assistance

0 School lunch/breakfast __2Social Security/SSI

8 Food Stamps _ 1Medicaid

3 Indian Health Services

For how many years have you received such assistance? (check one)
20 five or more years
7 four years

4  three years

1 twoyears
4 oneyear
3 less than one year

My child seems to be less healthy than other children | know.

1 strongly agree
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1 agree
1 donot agree or disagree
1 disagree

1

95 strongly disagree

My child has never been seriously ill.
__ Agree
__disagree

Where did you hear about our study? Were you referred by a friend or did you see,apasigaper ad,
poster, etc? Friend, flyer, doctor, poster, breastfeeding class, Oidgmobr intern
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APPENDIX Il
SIX AND NINE MONTH INFANT DIETARY QUESTIONS

6 and 9 Month Infant Dietary Questions

Are you exclusively breastfeeding? Yes No

What kind of formula (or milk) do you use?
Note to interviewermake sure to check if the formula is iron fortified or not

How often do you generally give formula?

How much formula doe@ame)generally take at a feeding?

When did(name)start taking solid food like cereal? months

What kinds of foods dogsame)take now?
Note to interviewercheck all that apply

____ baby cereal ____mashed table food
____infant fruit ____cereal: example cheerios/oatmeal (not infant)
__infant vegetables __regqular juice/ juice drinks
____baby meat ____cow's milk
____whole __ lor2%

____infant “dinners”

____infant juice

____infant deserts

___other homemade puree/ground baby food

____ other foods:

When did you start givinghame)pureed meat, infant dinners or other meat products?
months of age.
How many times a day doésame)eat these foods?

Do you give(name)any supplements or medications routinely?

Note to interviewer: if yes please list all.
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6-Month Reported Supplement Frequency

Appendix Il

Supplement or Medication N %
None 87 78%
Acid Reflux Medicine 1 0.9%
Zyrtec 1 0.9%
Amoxicillin 1 0.9%
Allergy Medications 2 1.8%
(Claritin, Zyrtec)
Homeopathic Teething 1 0.9%
Gas Drops 1 0.9%
Multivitamin (Infant) 3 2.7%
Polyvisol
Teething Tablets 1 0.9%
Vitamin D 7 6.3%
Tylenol 2 1.8%

9-Month Reported Supplement Frequency

Supplement or Medication N %
None 87 78%
Acid Reflux Medicine 1 0.9%
Zyrtec 2 1.8%
Benadryl 1 0.9%
Claritin 4 3.6%
Eldeberry Juice 1 0.9%
Eye Drops 1 0.9%
Gas Drops 1 0.9%
Fluoride Drops 2 1.8%
Multivitamin (Infant) 3 2.7%
Polyvisol
Teething Tablets/oil 3 2.7%
Vitamin D 5 4.5%
Albuterol 1 0.9%
Tylenol 1 0.9%
Motrin 1 0.9%
Omega 3 and DHA 1 0.9%
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