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ABSTRACT

MATERNAL FEEDING BEHAVIOR ASSOCIATED WITH
INFANT WEIGHT GAIN IN EARLY INFANCY

By

Lisa R. Singleterry
Background/Purpose: Childhood obesity is a serious long-term risk factor for a variety of
illnesses and generates higher health care cost in the United States. In turn, infant overweight is a
risk factor for childhood obesity, and nearly 11% of U.S. infants are overweight. Because infant
weight is nutrition dependent, maternal responses to infant feeding cues in the maternal-infant
feeding interaction is a starting point in understanding influences on infant overweight. Yet,
there are few studies focusing on how maternal responsiveness in the feeding interaction is
associated with rapid weight gain (RWG). The primary purpose of the study was to determine to
what extent maternal responses to infant feeding cues are associated with weight gain patterns in
infants between birth and 6 months of age. Framework: The conceptual framework for this
study used an adapted version of Barnard Parent/Caregiver Interaction model, a theoretical
framework that explains the mother-infant interaction process. Specific Aims: (1) Determine to
what extent maternal responses to infant feeding cues are associated with weight gain in infants
between birth and 6 months. (2) Determine to what extent maternal characteristics (age,
depressive symptomatology, education, and feeding method) are associated with maternal
responses to infant cues. (3) Determine to what extent infant characteristics (age, sex, and
temperament) are associated with maternal responses to infant cues. Methods: This study was an
analysis of data from the first data collection point of the Healthy Babies through Infant
Centered Feeding (USDA 2009-55215-05220) study. The study sample included all mother-

infant dyads with complete Time 1 data entries between January 2010 and May 2011. A total of



129 mother-infant dyads were examined for this study. Results: (1) The proposed regression
model using maternal responses to infant feeding cues and maternal and infant characteristics
during the maternal-infant interaction did not predict infant weight gain; however, using logistic
regression and RWG as the dichotomous dependent variable, a minimally significant result (p =
.048) was seen using the proposed model to predict the odds of RWG. (2) The regression model
using the proposed maternal characteristics explained 14% of the variability in Nursing Child
Assessment Satellite Training Tool Caregiver Contingency Subscale (NCAFScc) scores.
Maternal responses to infant feeding cues were observed less often in maternal-infant
interactions where the feeding method used was a bottle. Maternal characteristics of age,
education, and postpartum depressive symptomatology were not significant predictors within the
regression model. (3) The regression model using the proposed infant characteristics was not
found to be significant. Two characteristics, infant age and infant temperament (negative affect),
were significant. As infant’s age increased, NCAFScc scores declined, and as scores on the
Infant Behavior Questionnaire -negative affect scale increased, NCAFScc scores declined.
Implications: Nurses can be influential in the process of infant weight tracking and bottle-
feeding education. Careful tracking of infant weight gain in comparison to the World Health
Organization infant growth standard during the first 6 months of life by health care providers is a
key element in the overall risk assessment to reduce the prevalence of childhood obesity. Nurses
need to acknowledge that a majority of mothers will transition to bottle-feeding in the first few
months of an infant’s life. Along with the breastfeeding initiative already in place, a tandem
initiative to support mothers while they start or transition to bottle-feeding is recommended,
according to the findings of this dissertation, so mothers remain responsive to their infant’s

feeding cues.
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Chapter 1
Background and Significance

The purpose of this study was to determine to what extent maternal responses to infant
feeding cues are associated with weight gain patterns in infants between birth and 6 months of
age. In chapter 1, the problem statement, purpose, background and significance, aims, definition
of study variables, and summary are discussed. Chapter 2 introduces the theoretical framework
guiding the study. A literature review of the study concepts is presented in chapter 3. Chapter 4
outlines the study methods and chapter 5 consists of the data analysis. Finally, a discussion of the
findings completes the dissertation in chapter 6.

Literature has suggested that a reduction in the quality of maternal responsiveness to
infant feeding cues, which are observable in maternal-infant feeding interactions, is associated
with infant overweight (Barnard et al., 1989; Dennison, Edmunds, Stratton, & Pruzek, 2006;
Dubois & Girard, 2006; Goodell, Wakefield, & Ferris, 2009; Sacco, Bentley, Carby-Shields,
Boeja, & Goldman, 2007). Responsiveness is a complex construct involving the maternal
thought and decision-making process whereby the mother acts on infant communication of
hunger and/or satiety cues. The measurable components of this construct are the observable
maternal responses and infant cues during the maternal-infant feeding interaction. Maternal
responses have been described as the mother’s positional, verbal, visual, and/or tactile answers or
reactions, which are contingent with infant feeding cues—such as crying, babbling, or falling
asleep—during the feeding interaction (Aboud, Shafique, & Akhter, 2009; Ainsworth, 1969b;
Donovan & Leavitt, 1978). The quality of maternal responsiveness to infant feeding cues is
critically important; responsiveness serves as the foundation for the development of healthy
infant eating patterns and early infant weight gain that follows patterns recommended by the

World Health Organization (WHO) growth standard (Johnson & Birch, 1994; Pridham, Lutz,



Anderson, Riesch, & Becker, 2010; Sacco et al., 2007). The focus of this study was to explore
the association between maternal responses to infant feeding cues and early weight gain of
infants between birth and 6 months, in an effort to identify risk factors to reduce the incidence of
childhood obesity.

Early infant weight gain is documented on infant growth charts as a series of curves that
represent percentile distribution of infant weight-for-age standards. Infant weight has been
defined as “too large” when the weight-for-age percentile (WAP) is at or above the 85th
percentile growth curve line and has been described as being “at risk” for childhood obesity
(Ogden & Flegal, 2010). Infant weight gain that is “too rapid,” or rapid weight gain (RWG), has
been described as a greater than expected change in weight-for-age measures between two
separate points in time (Ekelund et al., 2006; Ong, Ahmed, Emmett, Preece, & Dunger, 2000).
Infant weight gain z-scores that are “greater than 0.67” are considered clinically significant (Ong
et al., 2000, p.969). Standard scores or z-scores are used so an infant weight can be directly
compared to population averages, in this case, the WHO infant growth standard curves (Stommel
& Wills, 2004).

Early infant weight gain should follow a specific pattern that has been laid out since 1977
by the Centers of Disease Control (CDC) in the form of infant growth curves based on
population survey data (CDC, 2000). Current recommendations from the CDC (2010) are that
the 2006 WHO growth curve standard be used as a comparison for growth in infants from birth
to 24 months of age. “Average” infant weight has been defined as falling between the 3rd and
97th percentile lines on the WHO infant growth standard. Two weight-related risk factors for
future childhood obesity, recognizable when comparisons are made to the WHO growth

standard, have been identified in the literature: (a) infants who follow a weight gain pattern at or



above the 85th percentile, and (b) infants who gain weight too rapidly (Baird et al., 2005;
Mennella, Ventura, & Beauchamp, 2011; Monasta et al., 2010; Monteiro & Victoria, 2005; Ong
& Loos, 2006; Stettler, Kumanyika, Katz, Zemel, & Stallinga, 2003).

The literature has suggested that infant feeding practices may be one of the causative
factors of RWG (Baird et al., 2005; Ong & Loos, 2006; Settler et al., 2003). The hypothesis of
this study is that infants who gain weight too rapidly in the first six months of life will tend to
have mothers who are less responsive to their infants’ feeding cues. If true, the findings from this
study could provide a basis for targeting specific maternal responses to infant feeding cues that
can be modified to support infant weight gain that follows the recommended WHO standard
between birth and 6 months.

The sample for this study was from “Healthy Babies through Infant Centered Feeding”
(USDA 2009-55215-05220), which was a longitudinal, randomized-cohort intervention study
designed to support maternal responsiveness, feeding style, and feeding practices as lower-
income mothers transitioned to feeding their infant solid foods during the first year of life
(Horodynski et al., 2011). Analysis was done on baseline data only for those Healthy Babies
participants for whom data collection was complete as of May 2011.

Statement of the Problem

The term obesity has not routinely been used to describe weight issues in infancy because
the body-mass-index (BMI) is not calculated for that age group. In adults, obesity has been
defined as a BMI of 30 or greater. In children (aged 2 to 19), comparisons are made to a BMI-
for-age and sex-specific growth curve. A child with a BMI measure above the 95the percentile
on his or her BMI-for-age and sex-specific comparison curve is considered obese (Ogden &

Flegal, 2010). In 2007, 32% of children (aged 2 to 19) had BMIs at or above the 85th percentile



on their comparison curves (considered overweight) and 17% had BMIs at or above the 95th
percentile their comparison curves (considered obese). Prevalence of obesity in childhood has
more than tripled since 1980, with higher numbers of obese children seen in lower-income
populations (Ogden et al., 2006; Ogden, Carroll, Curtain, Lamb, & Flegal, 2010). The overall
prevalence of obesity in children aged 2 to 5 years was 10%, whereas the prevalence of obesity
of children aged 2 to 5 years in lower-income families was 14% (CDC, 2011; Ogden & Flegal,
2010). Approximately 10% of infants and toddlers under the age of 24 months were reported to
be at risk for obesity in 2010 because their WAPSs were at or above the 95the percentile of the
comparison curves (Ogden et al., 2010). In addition, it has been estimated that as many as 25%
of infants gain weight too rapidly during their first two years of life and subsequently remain
heavier at age five and beyond (Ekelund et al., 2006; Ong & Loos, 2006). These childhood
numbers will translate into even higher obesity rates among U.S. adults, which are currently
reported to be at 34% (CDC, 2011; Flegal, Carroll, Ogden, & Curtain, 2010).

Obesity at any age increases the likelihood of the cardiovascular risk factors of high
cholesterol and high blood pressure, as well as bone and joint problems, diabetes, stroke, and
several types of cancer (CDC, 2010; Paul et al., 2009). As a result, the financial burden of
obesity is equal to 10% of the U.S. health care spending or an estimated $147 billion in 2008
(Finkelstein, Trogdon, Cohen, & Dietz, 2009). The 2007 Institute of Medicine report on
Progress in Preventing Childhood Obesity recommended improvement of dietary patterns and
activity levels of young people, but there was limited consideration given to infant growth during
the foundational period between birth and 6 months (Koplan, 2007). Research and development
aimed at reducing weight-related risk factors for childhood obesity through interventions for

infants are needed.



Two weight-related risk factors in early infancy that have been associated with childhood
obesity are RWG and weight at or above the 85th percentile. Early infant weight gain is
nutrition-dependent (Denniston, 1994). Research has supported the theory that, if infants are
exposed to unhealthy feeding practices and, in turn, produce higher weight gain, these infants are
at risk for obesity later in life (Paul et al., 2009; Stettler et al., 2009; 2002; Thompson et al.,
2009). Specifically, researchers have identified RWG between birth and 6 months as a predictor
of obesity later in life (Gillman, 2010; Goodell & Wakefield, 2009). These researchers have
called for the identification of risk factors contributing to RWG, citing in particular,
identification of unhealthy infant feeding practices that can lead to a pattern of higher weight
gain.

Infant feeding practices are multidimensional interactions between mother and infant
(Wojnar, 2008). The mother-infant interaction has been well-established in attachment research
(Ainsworth, 1969b; Goldsmith et al., 1987). Moreover, it is known that both infant and maternal
characteristics are factors that influence this interaction between mother and infant (Barnard et
al., 1989). Maternal characteristics include age, education, postpartum depressive
symptomatology, and feeding method; infant characteristics include age, sex, and temperament
(Barnard et al., 1989; Faith & Hittner, 2010; Seifer & Schiller, 1996; Sumner & Spietz, 1994).
Although the feeding interaction has been used to study the mother-infant interaction, the main
focus has been on attachment and not early infant weight gain.

For the purpose of this study, an understanding of the maternal-infant feeding interaction
was guided by the Barnard Parent-Child Interaction Model (PCI), a theoretical framework that
explains the maternal-infant interaction process. Specifically, maternal responses to infant

feeding cues in lower-income, mother-infant dyads were measured for their association with



infant weight gain. Research studies examining RWG and maternal responses to infant feeding
cues are limited. However, studies that focus on infant overweight have suggested that overall
patterns of maternal feeding behavior differ in degree of responsiveness and control (Baumrind,
1966; Johnson & Birch, 1994; Sacco et al., 2007). This suggests a possible association between
the quality of maternal responses to infant feeding cues and early infant weight gain patterns that
do not follow the growth standard proposed by the WHO. If an association does exist between
these early infant weight gain patterns and maternal responses to infant feeding cues, then the
next step is to determine whether there are specific maternal responses that can be modified
through supportive nursing interventions to decrease the risk of RWG. Research is needed to
examine the maternal-infant feeding interaction by measuring the association between maternal
responses to infant feeding cues and weight gain patterns in infants.
Purpose

The primary purpose of this dissertation research was to determine to what extent
maternal responses to infant feeding cues are associated with weight gain patterns in infants
between birth and 6 months. Differences in maternal responses to infant feeding cues among a
sample of lower-income mothers were examined and an evaluation was made to determine if
these differences were predictive of infant weight gain patterns. In addition, maternal and infant
characteristics were explored for associations with maternal responses to infant feeding cues.
Background and Significance

High infant birth weight, parental overweight or obesity, and, more recently, RWG in
early infancy have been established as separate and significant risk factors for the development
of both childhood and adult overweight and obesity (Niegel, Ystrom, & Vollrath, 2007).

Currently, very little is known about risk factors for the development of RWG in early infancy,



only that RWG is indeed a risk factor for later obesity in children and adults (Goodell et al.,
2009; Monteriro & Victoria, 2005; Ong & Loos, 2006). One major concern is that an infant can
experience RWG yet remain below the 85th percentile on a weight-for-age growth chart. For this
reason, an infant at risk for later obesity because of RWG may be overlooked by practitioners,
and as a result, parents may not receive the proper health-promotion counseling and education
related to infant feeding early enough to have an impact on preventing infant RWG. Identifying
infants at risk for future overweight and obesity as early as possible is clearly needed to impact
the rising prevalence of obesity in the U.S. Given the sparse knowledge of risk factors affecting
RWSG in early infancy, research is needed to examine this phenomenon for plausible nursing-
intervention strategies that may reduce the development of RWG during this critical period of
infancy.

Growth charts. Infant weight gain is tracked on standardized growth-curve charts by
plotting weight-for-age measurement (CDC, 2000; WHO, 2006). Since 1977, infant growth
charts have been used as a tool to show how infant weight increases over time according to an
infant’s sex. The infant growth chart consists of a series of curves that represent the percentile
distribution of weight-for-age in one and two standard deviations or z-scores from the mean for
infants from birth to 24 months for each sex (CDC, 2011). Ideally, an infant will follow a
percentile growth curve, identified from birth weight, over time, with very little change in z-
scores. The WHO growth chart has been recommended as the standard of growth for infants
from birth to 24 months (CDC, 2011).

Infant weight. In the literature, both continuous and categorical analyses have been used
to describe infant weight gain that is faster than expected. Because there has been a lack of

clarity for a conceptual definition of RWG in infancy, comparisons of research outcomes can be



challenging (Montero & Victoria, 2005). However, research studies consistently have shown that
compared to other infants, an infant who experiences higher than expected weight gain is
between 1.17 to 5.70 times more likely to develop later obesity (Baird et al., 2005; Gillman,
2010; Stettler et al., 2003). It has been proposed that a very specific weight gain, where an
infant’s weight-for-age intercept increases more than one standard deviation between two
separate evaluations measured categorically, is the definition of RWG (Ekelund et al., 2006; Ong
et al., 2000; Stettler et al., 2003). An infant showing RWG will have a z-score that increases
more than 0.67 (Ong & Loos 2006). Estimates given by Ong and Loos have calculated that
approximately 25% of all infants will experience RWG at some point between birth and 2 years
of age; nonetheless, no specific prevalence of RWG, as earlier defined, has been established. It
has been hypothesized that RWG represents a significant number of infants who are at risk for
childhood obesity, which can lead to insulin resistance, hypertension, asthma, hyperlipidemia,
and cardiovascular disease later in life (CDC, 2010; Ong, 2010; Stettler, Zemel, Kumanyika, &
Stallings, 2002).

Predictor variables. Researchers have proposed several possible characteristics
associated with early infant weight gain patterns that do not follow the WHO standard growth
curve (Baird et al., 2005; Ong et al., 2000; Stettler et al., 2002). Possible characteristics include
infant feeding methods (breast milk, formula, or the early introduction of solids before the
recommended age of 4 to 6 months; Krebs & Jacobson, 2003), lowered maternal responsiveness,
and overfeeding. Other possible characteristics are (a) social, such as low parental
socioeconomic status; (b) behavioral, such as maternal depression; and (c) infant characteristics,
such as age, sex, and temperament (Lamb et al., 2010; Neigel et al., 2007; Ong, 2010). The most

promising determinant of infant growth, and hence probably RWG, is nutrition regulation



(Goodall et al., 2009; Ong, 2010). Infant nutrition delivery is commonly carried out by the
mother and can occur as often as 12 times in a day during early infancy (Denniston, 1994:
Horodynski, Olson, Arndt, Brophy-Herb, Shirer, et al., 2007). As a result, the mother-infant
feeding interaction should play a significant role in RWG (Goodall et al; Neigel et al.2007; Ong,
2010). The Healthy Babies study data was selected because the data provides an opportunity to
identify whether feeding practices—measured through maternal responsiveness, feeding method,
and infant and maternal characteristics—affect infant weight gain. Socioeconomic status is limited
(at or below 185% of poverty) in the Healthy Babies sample of mother-infant dyads.

Research has shown that, when a mother is not responsive to infant hunger and satiation
cues, the result can be higher nutritional intake (Faith, Scanlon, Birch, Francis, & Sherry, 2004;
Hughes, Power, Fisher, Mueller, & Nicklas, 2005; Sacco et al., 2007). Research on maternal
responsiveness has been based on classic attachment theory. According to that theory, maternal
responsiveness remains the main process identified in the maternal-infant interaction (Ainsworth,
1969b; Barnard et al., 1989). In order to examine the effects of maternal responsiveness on infant
weight gain, specifically RWG, the focus was on an observable maternal behavior, specifically
described as positional, verbal, visual, and tactile responses contingent with infant feeding cues
during the feeding interaction (Aboud et al., 2009; Ainsworth, 1969b; Donovan & Leavitt, 1978).
The feeding interaction may also be influenced by maternal and infant characteristics (Barnard et
al., 1989).

Significance to nursing science. One major research emphasis identified by the National
Institute of Nursing Research includes identification and development of family interventions
designed to sustain health-promoting behaviors and obesity prevention. The National

Collaboration on Childhood Obesity Research lists both CDC and National Institute of Health



commitment to community-based partnerships in childhood obesity prevention and control. In
February of 2010, Michelle Obama began her “Let’s Move” campaign focused on prevention of
childhood obesity, specifically targeting children 2 years of age and under (Wojcicki & Heyman,
2010). Moreover, the United States Department of Agriculture’s National Institute of Food and
Agriculture has set long term goals to reduce the prevalence of overweight and obesity among
children.

Nurses, as practitioners who provide supportive care to mother-infant dyads, are in a
unique position to investigate current interventions and formulate new ones to help reduce risk
factors related to obesity in infancy. The current study is important because it explores potential
antecedent risk factors of RWG in early infancy, which is a significant risk factor for later
obesity. The established dataset used in this study was uniquely suited to provide a level of
stability for the following possible confounders: socioeconomic status (All mothers were low
income; < 185% of poverty.), intake of solid food (Infants had not been introduced to solid foods
at data collection time one.), and health status (Mothers or infants were not eligible if they were
diagnosed with a chronic disease such as diabetes.).

Specific Aims.

The specific aims of this study were

1. to determine to what extent maternal responses to infant feeding cues are associated
with weight gain in infants between birth and 6 months;

2. to determine to what extent maternal characteristics (age, depressive symptomatology,
education, and feeding method) are associated with maternal responses to infant feeding cues;
and

3. to determine to what extent infant characteristics (age, sex, and temperament) are
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associated with maternal responses to infant feeding cues.
Definition of Study Variables

For the purpose of the current study, the outcome variable, infant weight gain, was
defined using (a) a continuous variable indicating the relative weight gain or loss between birth
and the infant’s age at the first data collection, and (b) a categorical variable of RWG where
infant weight z-score increased by more than 0.67 from birth to data collection time one
(Ekelund et al., 2006; Ong et al., 2000; Stettler et al., 2003). Weight gain was calculated using
maternal-reported infant birth weight compared to current infant weight, which was measured by
a trained data collector in the mother’s home.

Maternal responses to infant cues were described as positional, verbal, visual, and tactile
responses contingent with infant feeding cues during the feeding interaction (Aboud et al., 2009;
Ainsworth, 1969b; Donovan & Leavitt, 1978). Maternal responses were measured using a 15-
item maternal-contingent response subscale from the observational Nursing Child Assessment
Feeding Scale (NCAFS)/Parent Child Interaction-Feeding (PCI-F) tool (Barnard et al., 1989;
Sumner & Spietz, 1994); hereafter the full scale will be referred to as the NCAFS and the
caregiver contingency subscale referred to as the NCAFScc.

Maternal characteristics of age, postnatal anxiety/depressive symptomatology, education,
and choice of feeding method were used in this study. Maternal age was defined as maternal-
reported age in years. Maternal postnatal anxiety/depressive symptomatology was assessed using
maternal self-report on the 3-item Edinburgh Postnatal Depression Scale (EPDS-3; Kabir,
Sheeder, & Kelly, 2008). Maternal education was maternal self-reported using a structured
categorical scale in the demographic questionnaire. Feeding method was limited to breastfeeding

or bottle-feeding observed on the NCAFS.
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Infant characteristics were limited to age, sex, and temperament. Infant sex was reported
by the mother in the parent-study demographic questionnaire. Infant age was calculated as a
continuous variable of the number of days and/or weeks between birth and the first data
collection. Infant temperament was defined as difference in reactivity (Derryberry & Rothbart
1988). Temperament was assessed using the revised Infant Behavior Questionnaire (IBQ-R)
which measures maternal perceptions of three higher-order temperaments—surgency, negative
affect, and effortful control-using a 47-item questionnaire (Gartstein & Rothbart, 2003; Parade
& Leekes, 2008).
Summary

The rationale for this chapter was to explore the problem, purpose, background and
significance, and research aims of the current study. Factors affecting weight gain in infants
between birth and 6 months are important phenomena with implications for the development of
future obesity. Current literature has suggested that an investigation of antecedent factors
associated with faster than expected weight gain in early infancy, which would identify at risk
infants, should be done as early as possible. Given that infant weight gain is nutrition-dependent,
it has been theorized by researchers that infant feeding practices, and specifically the maternal-
infant feeding interaction, may be the best place to investigate (Baird et al., 2005; Ong & Loos,
2006; Settler et al., 2003). This study hypothesizes that lower-quality maternal responses to
infant feeding may play a unique and yet undetected role in the development of faster-than-
expected infant weight gain, specifically RWG. Maternal and infant characteristics known to
influence maternal responsiveness were addressed. The current study provides a unique
perspective and opportunity to investigate the effects of maternal responses to infant feeding

cues on RWG, and it is the first step in the development of supportive nursing interventions for
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maternal behavior-modification related to infant feeding in reducing the risk of childhood
obesity.

The conceptual framework used to guide this study will be presented in chapter 2. A
review of the literature will be presented in chapter 3, describing maternal infant feeding
interaction, which includes maternal responses to infant feeding cues and infant weight gain
patterns. The study methods will be discussed in chapter 4, including the research design of the
parent study, study sample, instruments, measurement of infant weight and data analysis plan.
Study findings will be presented in chapter 5. Lastly, study results will be discussion along with

implications for nursing practice and education, future research and policy in chapter 6.
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Chapter 2
Theoretical Framework

While the causes of RWG in infancy are not fully understood, researchers have
speculated that RWG is partially a result of infant feeding practices because infant growth is
nutrition-dependent (Goodell & Wakefield, 2009; Ong & Loos, 2006). Infant feeding practices
include the infant feeding process, which is defined as a complex interaction between a mother
and her infant. This chapter will present the theoretical framework for this study, which proposes
that the quality of maternal responses to infant feeding cues is associated with the development
of RWG in early infancy. Literature that supports the development of the study framework will
be reviewed. The theoretical model for maternal behavior in response to infant feeding cues will
be discussed. In addition, the study framework and the proposed relationships among its
concepts will be visually presented and discussed. This chapter will conclude with a summary of
how, in theory, maternal responses to infant feeding cues are associated with early infant weight
gain.
Framework Development

The first feeding experience for an infant takes place in various environmental contexts
but contains a common element, the maternal-infant interaction (Wojnar, 2008). The quality of
this mother-infant interaction has been thought to be responsible for the infant’s learning of
multiple social skills, such as communication, and for the development of cognitive and physical
skills (Ainsworth, 1969). Although this phenomenon (mother-infant interaction) has been
defined well within the literature on attachment, it is not clear how factors in the mother-infant
interaction affect physical growth or weight gain in infancy.

One model, the Barnard PCI model, has described the interaction between a caregiver
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and child during the feeding interaction (Barnard et al., 1974). The Barnard PCI model was
developed in the early 1970s, during which time research findings indicated that early infancy
was a time to establish routines and positive patterns of interaction; feeding being an ideal time
to establish such patterns (Barnard et al., 1989). The construction of the Barnard PCI model was
based on the physical, emotional, intellectual, and social development of a child. Encompassing
the overall environment of the child, along with specific characteristics of the interaction, was
the goal of this model. A second goal of the PCI model was to understand the context in which
the child develops (Barnard et al., 1989).

Barnard’s PCI model focused on two common maternal-infant interactions: feeding and
teaching. Using this model, Barnard developed two separate assessment tools and disseminated
them nationally, through a satellite training program, to nurses and other health care
professionals. As a result, the Nursing Child Assessment Satellite Training (NCAST) Program
was established. The Healthy Babies study used the NCAFS to assess the maternal-infant feeding
interaction.

In the model, Barnard identified the crucial component to be the interactive system
among mother, infant, and environment. Barnard believed a deficit in one of these would
ultimately affect the others. In other words, individual maternal, infant, or environmental
characteristics influenced the maternal-child interaction/system and visa versa. One of the major
claims of the Barnard model was that an infant’s behavior changed in response to both maternal
and environmental stimuli (Wojnar, 2008). This idea is important because a main assumption in
this dissertation was that there is relationship between the quality of the maternal-infant feeding
interaction and physical health, or in this case RWG, in early infancy.

Barnard derived her model, in part, from the systems model. The General Systems
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Theory has described a system as a set of factors in an environment that affect one another to
form a whole that is different from any of the parts (von Bertalanffy, 1968). A system is an
interaction of parts. The main characteristics of a system are wholeness, interdependence, self-
regulation, and balance (von Bertalanffy, 1968). Barnard proposed that patterns of parent-child
interactions were often linked to the child’s “cognitive and linguistic competencies and to more
secure attachment” later in life (Barnard et al., 1989, p. 40).

The PCI model was also derived from elements of developmental theory. There have
been several general development theories dealing with complicated phenomena, such as
temperament, attachment, social learning, and ecology. Developmental theories have been
focused on how a phenomenon changes or progresses. There is also usually a component of
learning which takes place through interaction (Merriam & Caffarella, 1999). The PCI model has
focused on the infant’s emotional, intellectual, and physical development (NCAST Program,
2011).

Another influential theory for the PCI model is attachment theory. Bowlby originated this
theory, and Ainsworth devised a methodology to test the theory’s tenets. Together, Ainsworth
and Bowlby (1991) believed infants become attached to adults with consistent sensitive and
responsive behavior. Barnard also believed that this was an important ingredient in the health
and well-being of children (Barnard et al., 1989). The PCI model has viewed the mother-infant
interaction as a system or dialog, both mutual and adaptive. The maternal-infant interaction has
been further described as a dance between partners where both partners and the dialog must have
certain features (Barnard et al., 1989).

The two partners in Barnard’s PCI model (Sumner & Spietz, 1994, p. 8) are mother and

infant. The maternal-infant interaction includes characteristics of the mother and the infant.
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Maternal characteristics include the following: sensitivity to cues, alleviation of distress, and
providing growth-fostering situations; infant characteristics include: clarity of cues and
responsiveness to caregiver/parent. The proposed interaction between the mother and the infant
can be interrupted, but no specific factors have been identified that cause the interruption. The
Barnard model has origins in systems theory, developmental theory, and attachment theory, and
it has included a comprehensive explanation of content with logical congruence to the nursing
paradigm.

Study Framework

The PCI model provides the first step to explore the maternal-infant feeding interaction.
The phenomenon of interest in this study is maternal responses to infant feeding cues, which is
the observable component of maternal responsiveness, a major process of the maternal—infant
feeding interaction (Pridham et al., 2010). For the purpose of this study, maternal responses to
infant feeding cues have been defined as positional, verbal, visual, and tactile responses of the
mother, contingent with infant feeding cues during the feeding interaction (Aboud et al., 2009;
Ainsworth, 1969a; 1969b; Donovan & Leavitt, 1978). Specifically, this dissertation was focused
on the feeding interaction where feeding cues are given by the infant and responses to those cues
are returned by the mother (Pridham et al., 2010).

The underpinning of the main predictor variable proposed in this study came from
Ainsworth and Bowlby’s attachment theory and will be described in chapter 3’s literature
review. Ainsworth has described maternal sensitivity (used interchangeably with maternal
responsiveness) as a main construct in the proximity attachment framework and indicated “the
baby may signal, but the mother is responsible for responding to his signals with an increase or

decrease in maternal care behavior” (1969b, p.1007). Ainsworth further has identified four major
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concepts in this interaction: (a) awareness of the signals, (b) an accurate interpretation of the
signal, (c) an appropriate response to the signal, and (d) a prompt response to the signal. Since it
was not within the scope of the Healthy Babies data to describe attitudes, beliefs, and decisions
of mothers, this study focused on the observable aspect of maternal responses to infant feeding
Cues.

The study framework consisted of the maternal-infant interaction measured by maternal
responses to infant feeding cues, maternal and infant characteristics, and the outcome variable,
infant weight gain (see Figure 1). Maternal recognition or awareness, maternal interpretation,
and maternal decisions to act are all antecedents of the observable maternal responses to infant
feeding cues. Therefore, these aspects of the maternal sensitivity process were not identified in
the visual representation of the study framework. Environmental variables, although considered
important, were not the main focus of this study and were not specifically identified in the study
framework. The feeding environment is depicted using a dotted rectangle that encompasses the
maternal-infant feeding interaction and antecedent characteristics of the mother and infant.
Because of limitations inherent with secondary data, maternal and infant characteristics were
limited to the data available and have been shown to influence the maternal-infant feeding
interaction.

The study model was an adaption of the Barnard PCI model (Barnard et al., 1974).
Derivations of the observable portion of Ainsworth’s (1969b) maternal sensitivity process
(maternal responses to infant feeding cues), along with maternal and infant characteristics, have
been shown to influence infant weight gain. The study focused solely on the bolded concepts and
relationships with solid arrows. Other theoretical relationships are shown as broken lines with or

without arrows and were not included in this study. The study framework showed a theoretical
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relationship among maternal characteristics and the maternal-infant feeding interaction,
measured by maternal responses to infant feeding cues. There was also a proposed relationship
between infant characteristics and the maternal infant feeding interaction. The maternal-infant
interaction is depicted as being influenced by both maternal and infant characteristics. Both
partners, mother and infant, were seen as important aspects of the maternal-infant interaction by
the Barnard PCI model. This interactive process has been theorized to influence infant weight
gain and untimely childhood obesity, which is depicted by a broken-lined propositional
statement, because it was not addressed in this study (Faith et al., 2004; Hughes et al., 2005;

Sacco, et al., 2007).
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Figure 1. Study theoretical framework.

Summary

The complex relationship between mother and infant is not fully understood, especially in

Childhood obesity

relation to the physical development measured as infant weight gain. One construct found in

attachment theory, identified as a consistently responsive and sensitive adult (maternal sensitivity

or maternal responsiveness), has been well documented as a positive influence on the social and

cognitive development of an infant. Because antecedent factors influencing RWG are limited in

the literature and infant feeding practices have been suggested as possible factors of influence,

maternal responses to infant feeding cues is a plausible predictor variable.

One model in particular, the Barnard PCI model, was developed in response to needs of

health care providers to identify infants at risk for poorer outcomes in health and well-being. The
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PCI model, in turn, influenced the development of a tool measuring certain features of the
maternal-infant feeding interaction. Both the PCI model and Ainsworth’s definition of maternal
sensitivity/maternal responsiveness were used to develop a theoretical framework for this study.
Guidance in examining propositional statements between concepts was provided by the

theoretical framework.
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Chapter 3
Review of the Literature

The purpose of chapter 3 is to provide a review of the literature concerning the maternal
infant feeding interaction, which includes maternal responses to infant feeding cues and infant
weight gain patterns The review of the literature was specific to the phenomenon of interest,
infant weight gain between birth and 6 months. Infant weight gain between birth and 6 months
has been an outcome of interest to nurses, primary care providers, health professionals, and
policy makers because it is used as an overall health indicator of infants in the United States.
Infants who are overweight and/or show RWG in the first six months of life are more likely to be
overweight children and adults (Butte, 2009; Dubois & Girard, 2006; Gillman, 2010; Goodell &
Wakefield, 2009; Paul et al., 2009; Stettler et al., 2009; 2002; Thompson et al., 2009). Although
both overweight status and RWG have been identified as risk-factors for childhood obesity,
causes of these risk factors are limited in the literature. In chapter 2, a theoretical framework was
proposed to explain characteristics of infant feeding practices that impact infant weight gain. The
maternal-infant interaction has been shown to affect infant social, cognitive, and physical
development but not specifically as a factor affecting RWG. Thus, there has been a gap in the
literature in regard to maternal and infant characteristics that influence RWG from birth to 6
months. The maternal-infant feeding interaction, which includes the key characteristic of
contingent maternal responses to infant feeding cues, along with associated maternal and infant
characteristics, were proposed by this study to influence infant weight gain between birth and 6
months.

This chapter will begin with a discussion on infant growth and measurement and

comparisons of standardized infant growth charts. Definitions of obesity, infant overweight, and
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RWG will be presented and clarified. Next, concepts identified in the theoretical framework
presented in chapter 2 will be reviewed. The study framework hypothesized a link between
infant weight gain and infant feeding practices, which includes maternal responses to infant
feeding cues and maternal and infant characteristics. This chapter will end with the conclusion
and significance gained from a review of the literature.
Outcome Variable: Infant Weight Gain

Infant growth and weight gain. The word infant has generally been used to describe a
very young child between 1 month and 12 months of age that can neither walk nor talk
(Merriam-Webster, 2003). Growth is the process of becoming larger and more mature. On
average, an infant will weigh 3.3 kg (7 Ib. 8 0z.) at birth (Ball, Bindler, & Cowen, 2012). It is
common for infants to lose a few ounces during the first few days of life as they adjust to
sucking, swallowing, and digesting (Wong, Hockenberry, & Wilson, 2003). After this first week,
infant growth becomes more rapid. Birth weight generally doubles by about four months and
triples by 12 months. On average, an infant will gain 1 kg (2.2 1b.) per month, or approximately
30 g (1 0z.) per day (Ball et al., 2012; Pinyerd, 1992). Pinyerd (1992) also has noted gender
(generally referred to as sex) differences associated with birth weights, “the newborn male
averages 0.35 inches longer, is 150 grams heavier...” (p. 303). To measure infant growth both
the CDC (2000) and WHO (2006) have developed age- and sex-specific growth standard charts
to show the average range and rate of growth for height (recumbent length in infants), weight,
and head circumference.

Infant weight-for-age, sex-specific charts. Identification of infant growth that is
considered “abnormal” implies some way of comparison with infant growth that is “normal.”

Generally, a growth chart is constructed by averaging the growth data of a large number of
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subjects to use for comparison. Common body measurements, or anthropometric measures, of
infants include weight-for-age, recumbent length-for-age, and head circumference. Two different
approaches can be taken when growth charts are developed. In a descriptive approach, no
exclusion criteria are followed. Thus, infants who may be unhealthy or receiving poor nutrition
and healthcare are included in the reference (Mei et al., 2008). This approach is different when
developing a standard growth curve. To develop a standard growth curve, a prescriptive
approach is used to include only mother-infant dyads who adhere to established feeding and
health care recommendations (Mei et al., 2008). The reference population is an important
consideration when choosing an infant growth chart. Fundamental differences exist between the
CDC and WHO growth charts because they use different reference population (Mei et al., 2008).

CDC growth charts. Prior to 1977, various growth charts existed based on segments of
the U.S. population. In 1949, Meredith published a “physical growth record” in the American
Journal of Public Health. The Harvard growth curves, published in growth and development
textbooks of the 1950s and 60s were based on a reference population of Boston children from
1930 to 1956 (de Oni & Yip, 1996). In an effort to increase generalizability of the growth curves
to all segments of the U.S. population, the CDC and National Centers for Health Statistics
(NCHS) joined forces and used cross-sectional data to construct a contemporary reference based
on population reference data in 1977 (CDC, 2010). However, the 1977 NCHS/CDC growth
curves for infants (aged 0-23 months) were developed using a segmented population from the
Fels Research Institute Longitudinal Study from 1929 to 1975; infants were primarily formula
fed, socioeconomically advantaged, and Caucasian (de Onis & Yip, 1996).

In 2000, the CDC revised the 1977 growth charts (Kuczmarski et al., 2000). The data

used to develop the revised growth curve charts were from nationally representative U.S. survey
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data. Specifically, infant growth curve charts were improved by using a wider aggregate which
included racial/ethnic diversity and combined the size and growth patterns of breastfed and
formula-fed infants in the United States (Kuczmarski et al., 2002). Data from the 1976 to 1980
and 1988 to 1994 National Health and Nutrition Examination Survey (NHANES) 111 were both
used. The NHANES 11l oversampled infants and children 2 months to 5 years of age
(Kucsmarski et al., 2000). Experts in child growth and growth charts, biostatisticians, pediatric
practitioners, and applied public health nutritionists worked together to develop a chart that
represented aggregate infant growth from 1963 to 1994 (Kuczmarski et al., 2000). In addition,
improved statist