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ABSTRACT
Brooke Tompkins Nezami: Healthy Weight Behaviors and Weight Change in Parents and
Preschool-Aged Children
(Under the direction of Deborah F. Tate)

The high prevalence of obesity among children, coupled with the strong link between
child weight and parent weight, highlights the importance of identifying successful interventions
that use parents as the agent of change to encourage sustainable healthy behaviors in children.
The purpose of this dissertation was to identify successful intervention strategies for intervening
with parents of young children. Aim One used a serial mediation model to evaluate the mediating
effect of exercise barriers and moderate-to-vigorous physical activity (MVPA) changes on the
relationship between number of children in the home and weight change of adults (N=263) in an
18-month behavioral weight loss intervention. An increasing number of children in the home was
associated with lower percent weight loss at 6 months, which was mediated by greater exercise
barriers at baseline and a lower increase in MVVPA by 6 months. There was no relationship
between number of children in the home and percent weight regain from 6 to 18 months. Aim
Two was a 6-month randomized controlled trial that tested the efficacy of an intervention that
targeted mothers of children ages 3 to 5 (N=51) to reduce child sugar-sweetened beverage (SSB)
consumption and maternal weight through the use of a smartphone-delivered website, text
messages, and simplified self-monitoring compared to a waitlist control group. Children in Smart
Moms reduced their SSB intake significantly more than children in the control group at 6 months
(-9.50z. vs. -1.9 0z., p<.01). Mothers in Smart Moms lost significantly more weight than

mothers in the control group (-2.3 kg vs. +0.9 kg, p<.01). Aim Three tested whether changes in



the intervention targets mediated the effect of the intervention on child SSB change. Reductions
in maternal caloric beverages and parental concern for the child’s diet at 3 months mediated the
effect of the intervention on child SSB change at 6 months. By adapting the traditional
behavioral intervention to a focus on specific dietary behaviors and delivering intervention
materials via technology to reduce time demands and increase parental adherence, this
dissertation contributes to the emerging evidence base seeking to inform successful strategies to

prevent child obesity through family-based approaches.
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CHAPTER I: INTRODUCTION

Overview

Healthy People 2020 reported as one of its objectives to reduce the proportion of adults,
adolescents, and children who are obese, with the goal of reducing the rate of obesity in children
ages 2-5 from 10.7% to 9.6% in ten years (U.S. DHHS, 2010). Given that 25% of overweight
children become overweight by the age of 5 (Harrington et al., 2010), and one in three low-
income children are overweight by age 5 (CDC, 2010) it is imperative to focus on increasing
children’s healthy weight behaviors and preventing weight gain in early childhood. Much
research has shown that engaging parents in the treatment or prevention of child obesity
increases success (Epstein, Paluch, Roemmich, & Beecher, 2007); however, adults with young
children often engage in fewer healthy behaviors compared to adults without children, and have
barriers to treatment participation that primarily include the time demands of taking care of a
family. Thus, to this date, few parent-targeted interventions to prevent childhood weight gain
have been successful, and few have been able to significantly change diet and physical activity
behaviors, particularly in young children. What is missing from the literature are successful
interventions that target the parent as the agent of change in order to promote healthy behaviors,
with the long-term goal of preventing child obesity.

While there are countless determinants of early childhood obesity, some of the strongest
and most consistent predictors include maternal and paternal obesity, socioeconomic factors, and
consumption of sugar-sweetened beverages (SSBs). In fact, maternal obesity is a particularly

important predictor of child weight because mothers play such an important role in children’s



eating and physical activity behaviors by modeling behavior, monitoring children’s behavior,
and enforcing limits and rules within the household. Young children of overweight and obese
mothers often engage in behaviors similar to their mothers, including SSB consumption and
screen time, and thus are at high risk of becoming overweight or obese (Sonneville et al., 2012;
Strauss & Knight, 1999). Research to date suggests that interventions that target mothers could
be an effective way to promote weight loss while also preventing child weight gain.
Unfortunately, observational evidence suggests that having children in the home is associated
with increased weight gain among mothers, who are often less physically active than fathers and
adults without children (Bellows-Riecken & Rhodes, 2008; Nomaguchi, 2004; Sternfeld,
Ainsworth, & Quesenberry, 1999). What is not yet known is if adults with children who are
participants in behavioral weight loss interventions experience greater difficulty with behavior
change and weight loss. Nonetheless, the most effective childhood obesity prevention
interventions for young children thus far have involved significant parent engagement,
suggesting that family-based interventions that take into account the needs of both parents and
children are needed. Because mothers face many barriers to weight control behavior change,
including time demands and lack of childcare, there is a need for interventions that are uniquely
targeted to the needs of mothers and children, such that they minimize mothers’ need to travel,
prevent them from having to rearrange their schedules, and minimize the amount of time spent in
participation in order to be successful at weight loss and changing their own and their child’s
behaviors.

The purpose of this research was to identify successful behavior intervention strategies
for intervening with parents of young children in order to change child behavior. The overall

objectives of this dissertation were (1) to evaluate the adherence to intervention



recommendations and weight loss success of adults with children compared to adults without
children in a traditional behavioral weight loss intervention and (2) to test the efficacy of an
intervention that targets mothers of children ages 3 to 5 to reduce sugar-sweetened beverage
consumption. The specific aims of this dissertation are described below.
Specific Aims
Study 1: Determine if the number of children in the home is associated with weight loss at 6
months and weight regain at 18 months among participants in a behavioral weight loss
intervention, and whether those relationships are mediated by barriers to exercise and changes in
moderate-to-vigorous activity (MVPA) during the intervention.
Study 2: Develop and evaluate the effect of a 6-month intervention that targets mothers who are
overweight or obese and who have a child ages 3-5 on change in child sugar-sweetened beverage
consumption at 6 months compared to a waitlist control group, with secondary aims of
evaluating maternal weight loss and change in caloric beverage consumption at 6 months.
Study 3: Evaluate change in the intervention targets from baseline to 3 months as mediators of
the relationship between the intervention and change in child SSB intake at 6 months.
Significance

This dissertation informs the emerging field of early childhood obesity prevention and
has the potential to impact public health by simultaneously improving the health of parents and
children. Given the rising proportion of preschoolers who are obese, and given that overweight
and obese parents could benefit from programs targeted to the demands of having a family, there
is a significant need for sustainable interventions that are effective and maximize adherence
among parents. In fact, in a statement released in January 2012, the American Heart Association

(AHA) stressed the importance of identifying successful interventions that use parents as the



agent of change to encourage sustainable healthy behaviors in children (Faith et al., 2012). There
is a critical gap in the literature such that few interventions have been successful at modifying
parent and child weight-related behaviors. By adapting the traditional behavioral weight loss
intervention to focus on specific dietary behaviors and delivering intervention materials via
technology to reduce time demands and increase parental adherence, this intervention contributes
to the emerging evidence base seeking to inform successful strategies to prevent childhood

obesity through family-based approaches.



CHAPTER II: LITERATURE REVIEW
Problem of Early Childhood Obesity

Childhood obesity is problem of continued public health concern, as rates of overweight
and obesity among young children have increased dramatically in the last several decades. In
1976, only 5% of children ages 2-5 were classified as obese (BMI for age > 95th percentile;
(Ogden, Flegal, Carroll, & Johnson, 2002), whereas in 2010, 12.1% of preschoolers were obese
and 26.7% were overweight (BMI for age > 85th percentile; (Ogden, Carroll, Kit, & Flegal,
2012). Of all overweight and obese children, one in three become overweight before they turn
five years old (CDC, 2010), indicating the need to intervene at young ages to prevent the onset of
weight gain.

The increase in rates of obesity in the early stages of child development presents a
significant challenge for medicine and public health, as children who are obese are at high risk of
remaining obese throughout childhood and into adulthood (Gardner et al., 2009; Guo, Wu,
Chumlea, & Roche, 2002; Williams et al., 1992). In fact, children who are overweight during
their preschool years are more than five times as likely to be overweight at age 12 compared to
young children who are not overweight (Nader et al., 2006). Moreover, obesity during childhood
is linked to an increased risk of cardiovascular disease, type Il diabetes, and hypertension during
adulthood (Al Mamun, Cramb, O'Callaghan, Williams, & Najman, 2009; Baker, Olsen, &
Sorensen, 2007; Williams et al., 1992). Even at young ages, obese children exhibit traditional

risk factors for cardiovascular disease, including high blood pressure, abnormal glucose



tolerance, and lipid abnormalities (Sinha et al., 2002; Viner, Segal, Lichtarowicz-Krynska, &
Hindmarsh, 2005; Weiss et al., 2004).

In addition to the health outcomes of obesity in childhood, overweight and obese
preschoolers are at risk of experiencing weight-based stigmatization when they begin school
(Puhl & Latner, 2007). Overweight children experience stigmatization and bullying from their
peers, and are seen as less likeable than normal weight children (Kraig & Keel, 2001; Lumeng et
al., 2010; Puhl & Latner, 2007). Both peers and teachers view overweight children as more
socially withdrawn, more aggressive, and with fewer leadership qualities (Zeller, Reiter-Purtill,
& Ramey, 2008), and teasing from peers has been related to poorer school performance
(Krukowski et al., 2009). The negative psychosocial consequences of obesity during childhood
have the potential to affect children’s emotional and academic development, thus re-emphasizing
the need to intervene with young children to prevent excessive weight gain.

Problem of Adult Obesity

The prevalence of adult obesity has also increased substantially in the last few decades
and continues to be a critical issue of public health. In 2010, 35.7% of adults were obese (body
mass index, BMI, > 30 kg/m2) and 68.8% of adults were overweight (Flegal, Carroll, Ogden, &
Curtin, 2010). It is concerning that one in three adults are obese, as obesity puts individuals at
higher risk of diseases such as hypertension, type Il diabetes, dyslipidemia, cardiovascular
disease, and cancer (Calle, 2003; Field et al., 2001; Renehan et al., 2010). Moreover, obese
adults have a significantly higher risk of all-cause mortality compared to normal weight adults

(Flegal, Kit, Orpana, & Graubard, 2013).



Maternal Obesity

Though the obesity rate among all adults is high, there is emerging evidence that suggests
that women with children are at higher risk of obesity than women without children. A
longitudinal population-based study found that mothers who had at least one child under the age
of five in the home had a higher BMI than women without children in the home, but interestingly
the same was not true for fathers (Berge, Larson, Bauer, & Neumark-Sztainer, 2011). Another
longitudinal study using data from the Coronary Artery Risk Development in Young Adults
(CARDIA) cohort study found that women ages 18-30 who became mothers within the 7-year
study period gained more weight than women who did not have children (Laroche et al., 2013).
In that study, among black women, having a child was associated with an increase of 0.65 BMI
units, while among white women, it was associated with an increase of 1.12 BMI units. Similar
to the previous study, there were no differences in BMI between men who had children during
the study period and men who did not. On the other hand, in the American Changing Lives
Survey, both male and female participants with children gained weight more rapidly than
participants without children over a period of 15 years (Umberson, Liu, Mirowsky, & Reczek,
2011). The data from multiple national surveys strongly suggests that bringing children into the
home is a significant life transition that increases the risk of obesity, and signifies the early years
of parenthood as a critical time to intervene for weight control.
Determinants and Correlates of Childhood Obesity

Childhood obesity is a health problem with correlates from many levels of the Socio-
Ecological framework that interact with one another, including demographic characteristics,
individual diet and physical activity behaviors, the home environment, neighborhood/community

environment, and policies (Davison & Birch, 2001). Of particular importance, data from



longitudinal cohort studies have suggested that certain parental and early childhood factors act
independently and in combination with one another to predict early childhood obesity (Burke,
Beilin, & Dunbar, 2001; Flores & Lin, 2013). Consistent predictors of child weight gain include
parent BMI, parent dietary intake, parent physical activity, and the diet, physical activity, and
sedentary behaviors of the child (Davison & Birch, 2001). A study using data from the Early
Childhood Longitudinal Birth Cohort found that, in a multivariate model, maternal pre-
pregnancy weight, sugar-sweetened beverage consumption, screen time, and child weight at 2
years old were predictive of severe obesity in kindergarten (Flores & Lin, 2013). In fact, children
who crossed the 85th percentile at 2 years of age had 8 times the odds of becoming severely
obese in kindergarten compared to those below the 85th percentile at 2 years old. This reinforces
the need to identify and intervene upon the strongest risk factors for early childhood obesity,
including sugar-sweetened beverage consumption and the home environment, in order to prevent
early, rapid weight gain during the preschool years.
Sugar-Sweetened Beverage Consumption

The American Academy of Pediatrics (AAP) recommends that parents not allow children
ages 2-5 to consume any sugar-sweetened beverages (Barlow and Expert Committee, 2007). This
includes non-juice fruit drinks, sport drinks, caloric sodas, and flavored milks. The AAP
acknowledges that 4-6 oz. of 100% fruit juice per day is acceptable and counts as 1 serving of
fruit. However, they recommend choosing whole fruits over 100% fruit juice because fruit juice
lacks the fiber that whole fruit contains and in addition, drinking fruit juice does not teach
preschoolers the eating behaviors that are associated with eating healthy foods over time

(Committee on Nutrition, 2001).



Despite the American Academy of Pediatrics’ (AAP) recommendation that children ages
2-5 should not be consuming any sugar-sweetened beverages, NHANES data indicates that, on
average, preschoolers consume 5 ounces of fruit drinks and 3.25 ounces of soda per day, in
addition to 4.7 ounces of 100% fruit juice (O'Connor, Yang, & Nicklas, 2006). Although
consumption of non-juice fruit drinks has remained consistent in the last three decades,
consumption of 100% fruit juice has increased to more than 50% of children ages 1-5 (Fulgoni &
Quann, 2012). In addition, though soda consumption is not as common among preschoolers as it
is among adolescents, data from a surveillance study found that 35.9% of 2-year-old children
drink soda at least once per week (Garnett, Rosenberg, & Morris, 2013). Children in this age
range are consuming an average of 70 calories a day from sugary drinks including caloric
carbonated beverages, fruit drinks, and sport drinks (Ogden, Kit, Carroll, & Park, 2011). This
increases to 176 calories a day when including consumption of 100% fruit juice (Wang, Bleich,
& Gortmaker, 2008). Given that the American Heart Association recommends that the diet of
children 2-3 years old be limited to 1000 calories per day and 1200-1400 calories per day for
children 4-5 years old (Gidding et al., 2006), calories from SSBs and fruit juices are making up
12-18% of preschoolers’ recommended energy intake. The increased intake of fruit juices and
sodas among young children is a concerning trend and given the association between SSB
consumption and obesity among children, reducing sugar-sweetened beverage consumption
seems to be a promising target for intervention to prevent early childhood obesity.

Though much research has been done on the dietary determinants of childhood obesity,
including overall caloric intake, fruit and vegetable consumption, and intake of added dietary
fats, sugar-sweetened beverage intake is most consistently associated with obesity across studies.

Several longitudinal studies have shown that SSB consumption in early childhood is associated



with higher BMI later in childhood (DeBoer, Scharf, & Demmer, 2013; Millar et al., 2014;
Shroff et al., 2013). In an intervention with over 1,000 children ages 4-12, consumption of sweet
drinks was significantly associated with change in BMI z-scores, whereas fruit and vegetable
consumption was not associated (Johnson, Kremer, Swinburn, & de Silva-Sanigorski, 2012). It is
often assumed that consumption of 100% fruit juice in early childhood is acceptable and even
expected, and some studies have found no effect of 100% fruit juice on changes in weight status
during childhood (Field, 2003; J. D. Skinner, Carruth, Moran, Houck, & Coletta, 1999). In a
cross-sectional NHANES study, consumption of 100% fruit juice, fruit drinks, and soft drinks
was associated with increased energy intake, but was not associated with BMI z-score (O'Connor
et al., 2006). However, a study examining fruit juice consumption among children ages 1-5 in the
Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) program
found that, among overweight children, servings of fruit juice per day was associated with excess
weight gain, but there was no association among normal weight children (Faith, Dennison,
Edmunds, & Stratton, 2006). There have been few studies targeting SSB reduction in children,
but results from one study in children ages 4-12 found that replacing SSBs with noncaloric
beverages can, in fact, lead to a lower increase in BMI z-scores over time (de Ruyter, Olthof,
Seidell, & Katan, 2012).
Home and Family Environment

The home and family environment has been found to be an important environmental
determinant of early childhood weight status because, at the preschool age, behaviors are formed
primarily in the home. Parents serve as “gatekeepers” in the home by acting as role models for
healthy behaviors and by providing children specific food and physical activity opportunities in

the home. Consistent with these principles, research has shown that there is an association
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between characteristics of the home environment and the diet and physical activity behaviors of
parents and children (Birch & Davison, 2001; Sonneville et al., 2012; Strauss & Knight, 1999).
The link between the home environment and childhood behaviors operates through a variety
mechanisms, including parent weight, parent behaviors and role modeling, and aspects of the
physical environment that promote or inhibit certain diet and physical activity behaviors. An
obesogenic home environment is often characterized by the presence of high calorie foods and
SSBs, low availability of fruits and vegetables, an increased number of TVs, a TV in the child’s
bedroom, and little play/exercise equipment in the home.

Parent Weight. Parent weight is one of the strongest predictors of child weight (Flores &
Lin, 2013), and having obese parents is known to increase the risk of being obese as an adult.
Although research has documented that child obesity tracks into adulthood (Guo et al., 2002), the
relationship is strongest when one or more parents are obese. For obese children ages 1-5 with an
obese mother, the odds of remaining obese in adulthood are 3.6 times the odds of those who do
not have an obese mother, and the odds ratios are smaller but still significant for having an obese
father (Whitaker, Wright, Pepe, Seidel, & Dietz, 1997). Even more concerning, children with an
obese mother have a significantly earlier onset of obesity compared to children without an obese
mother (Gordon-Larsen, Adair, & Suchindran, 2007). There is even intervention evidence from
a family-based weight loss program that demonstrated that a change in parent BMI was the only
significant predictor of change in child BMI, such that a reduction of 1 BMI unit in the parent
was associated with a 0.26-unit reduction in child BMI (Boutelle, Cafri, & Crow, 2012). Not
only is maternal weight associated with child weight, but interestingly, maternal pre-pregnancy

BMI is also independently associated with child SSB consumption (Garnett et al., 2013; Kral et
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al., 2008), which gives even more weight to the importance of reducing maternal obesity in order
to prevent child obesity.

Parent Behaviors. As suggested by observational learning and Social Cognitive Theory,
the behavior of children is often correlated with parent behavior. In fact, there is a known
correlation between maternal diet and child diet that occurs as early as 6-12 months of age
(Robinson et al., 2007). The correlation between child and parent diet and physical activity
behaviors is partially due to genetic similarities, but is primarily due to environmental influences
(Perusse, Leblanc, & Bouchard, 1988; Vauthier, Lluch, Lecomte, Artur, & Herbeth, 1996). At
the preschool age, environmental influences are limited mostly to the family environment. This
environment is often the central socialization context for children, and research has demonstrated
that parents, as agents of socialization, can influence the health behaviors of their children (Hays,
Power, & Olvera, 2001; Lees & Tinsley, 1998). This suggests that parents act as role models for
their child’s eating and physical activity behaviors (Davison & Birch, 2001), and that after
repeated exposure and observation, children will learn to like the foods and behaviors they see
their parents modeling (Birch, 1992).

Research on modeling of specific behaviors has found that maternal SSB consumption is
correlated with child SSB consumption (Sonneville et al., 2012; Vereecken, Keukelier, & Maes,
2004) and reduction in maternal consumption of SSBs is associated with a reduction in child
consumption of SSBs (Klohe-Lehman et al., 2007). An analysis of baseline data from an
intervention with overweight and obese mothers of children ages 2-5 found that preschoolers had
significantly greater odds of meeting the AAP goals of SSB consumption when their mother also

met the goal (Turer et al., 2013). Specifically, among mothers who met the goal of zero ounces
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of SSB per day, 78% of children also consumed zero ounces, compared to only 45% of children
whose mothers did not.

Food and Activity Home Environment. The behavior of children is often affected by
the physical context of the home environment. For example, a study on sugar-sweetened
beverages found that 80% of SSBs consumed by young children are consumed in the home
environment (Wang et al., 2008), and there is evidence that the amount of fruit juice, sodas, and
other sweetened drinks available in the home is associated with child SSB consumption
(Spurrier, Magarey, Golley, Curnow, & Sawyer, 2008). Because women, especially after having
children, serve as gatekeepers to food and activities in the home, it is critical to intervene with
mothers to change the aspects of the home environment that can facilitate reductions in SSB
consumption.

Limit Setting. There is not as much research that has studied the effect of limit setting
and rules on child SSB intake, but research with parent-child dyads has shown that parents of
healthy weight were more likely to have family rules and less difficulty with rule enforcement
compared to families in which the parent was overweight (Hearst et al., 2012; Lytle et al., 2011).
A longitudinal study of children from infancy until the age of 6 years old indicated that the
practice of mothers setting limits on sweets and junk food was associated with reduced odds of
consuming SSBs more than one time per day (Park, Li, & Birch, 2015).

These relationships indicate that young children with obese mothers are particularly
important targets for obesity prevention due to their high risk of becoming obese. Moreover,
early childhood is an opportune time for parents to influence their child’s healthy weight

behaviors by making important changes in their own behaviors and in the home environment. In
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particular, parents are key targets for changing children’s SSB consumption, as they are able to
limit and guide these behaviors within the home.
Determinants and Correlates of Maternal Obesity

Mothers of young children may be at particularly high risk of obesity due to many
factors, including excessive weight gain during pregnancy and failure to lose weight postpartum
(Linne, Dye, Barkeling, & Rossner, 2004; Rooney, Schauberger, & Mathiason, 2005; Rossner &
Ohlin, 1995). Compounding the effect of gestational weight gain, mothers may also decrease
their physical activity in the transition to motherhood or as they have more children. Cross-
sectional studies have shown that mothers engage in less physical activity than women without
children (Bellows-Riecken & Rhodes, 2008; Burke, Beilin, Dunbar, & Kevan, 2004; Marcus,
Pinto, Simkin, Audrain, & Taylor, 1994; Verhoef & Love, 1994) and fathers (Bellows-Riecken
& Rhodes, 2008). After having a child, more than half of active women no longer meet physical
activity recommendations (Albright, Maddock, & Nigg, 2005; Mclintyre & Rhodes, 2009). Other
studies have also indicated that women with children in the home are more sedentary than those
without (Marcus et al., 1994; Scharff, Homan, Kreuter, & Brennan, 1999), and mothers with
children under the age of 5 are at even greater risk of physical inactivity (Nomaguchi, 2004;
Sternfeld, Ainsworth, & Quesenberry, 1999). The relationship between motherhood and
nutritional intake is less clear, but a longitudinal study exploring differences between parents of
children younger than 5 years and non-parents showed that mothers had a greater consumption of
SSBs, greater energy intake, and greater saturated fat intake compared to women without
children, but these relationships were not significant between fathers and non-fathers (Berge et

al., 2011).
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Sugar-Sweetened Beverage Consumption

Among adults, sugar-sweetened beverage consumption is not just associated with obesity,
but has also been shown to increase the risk of non-alcoholic fatty liver disease, diabetes, the
metabolic syndrome, and cardiovascular disease (Dhingra et al., 2007; Malik et al., 2010;
Vartanian, Schwartz, & Brownell, 2007). Laboratory experiments have found that drinking
excessive amounts of SSBs for just a short period of time can produce symptoms of metabolic
syndrome, decrease low-density lipoproteins and increase high-density lipoproteins, which
increases risk for CVD (Aeberli et al., 2011; Vos, Kimmons, Gillespie, Welsh, & Blanck, 2008).
In the United States, adults consume 21% of their calories from SSBs alone (Duffey & Popkin,
2007). Baseline data from an intervention study targeting 400 overweight and obese mothers of
preschool children found that only 33% were not consuming any sugar-sweetened beverages
(Turer etal., 2013).

The literature exploring the hypothesis that a reduction in SSB consumption leads to a
reduction in weight has often been conflicting, but recent randomized controlled trials have
demonstrated that reducing sugar-sweetened beverage consumption in adults can lead to a
reduction in weight. In the first study, decreasing servings of SSBs by 1 per day was associated
with a decrease in weight of almost 0.5 kg (Chen et al., 2009). In another study among
overweight and obese adolescents, the intervention group significantly decreased SSB after 1
year compared to the control group and the reduction in SSB consumption was associated with a
decrease in BMI (Ebbeling et al., 2012). Finally, in a study among adults, participants were
randomized to one of 3 groups, in which they were asked to either (1) replace caloric drinks with
diet beverages, (2) replace caloric drinks with water, or (3) continue with their normal beverage

intake (Tate et al., 2012). The diet beverage and water groups were significantly more likely to
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lose 5% of their weight at 6 months compared to the control group, which suggests that reducing
caloric intake from beverages can lead to clinically meaningful weight loss in the absence of
other prescribed changes.
Behavioral Programs for Obesity
Weight Loss and Weight-Related Behavior Programs for Young Children

Behavioral interventions for preschool-aged children have been increasing in number in
recent years, but the extant studies have seen only limited success. The goal of some
interventions has been to produce weight loss in overweight or obese children, but the goal of
others has been to improve diet or physical activity behaviors in order to prevent future weight
gain. Among interventions done in the preschool setting that consist of weekly group meetings
for the children focused on diet and physical activity and involve little parent contact, none have
been effective at changing weight by the end of the intervention (Fitzgibbon et al., 2005, 2006).
However, one of those studies, the Hip Hop to Health, Jr. study conducted in Head Start
preschools, found that children in the intervention group had gained significantly less weight
than children in the control group at 1 and 2 years follow-up (Fitzgibbon et al., 2005).
Interventions in preschool settings that targeted specific behaviors rather than weight have been
more successful. Two studies added structured physical activity sessions into the preschool
curriculum and found an increase in child physical activity (Annesi, Smith, & Tennant, 2013;
Trost, Fees, & Dzewaltowski, 2008) and another study specifically targeted caloric drinks in
addition to fruit and vegetable consumption and found that the intervention group had
significantly lower SSB consumption at the end of the intervention (Bayer et al., 2009). Another
successful intervention in preschools was an environmental intervention that used child-care

health consultants to assess and improve the nutrition and activity environment of childcare

16



centers, and they found that nutrition improved in the centers that followed the program (Ward et
al., 2008).

The active involvement of the parent is known to be a critical factor for success in
childhood interventions (Golan, 2006). Especially among preschoolers, the key seems to be a
focus on parent engagement or the addition of a parent component to interventions that are
conducted in a preschool or childcare center setting (Golan, 2006; Hesketh & Campbell, 2010).
In a revised version of Hip Hop to Health, Jr., 6 weekly in-person classes and weekly newsletters
for parents were added to the intervention group, compared to a control group that received only
general health information. However, at the end of the 14-week study, there were no differences
between groups in BMI z-scores and no differences on any diet or physical activity-related
measures, including screen time and sedentary behavior (Fitzgibbon et al., 2013). Notably, only
38% of the parents attended the first session, and attendance decreased further after that, which
was potentially why no differences were found between groups. In a study where preschools
were randomized to an intervention group targeting physical activity and sedentary time or to a
control group, parents and their children attended 10 weekly sessions at the school. At the end of
the intervention, children in the intervention group engaged in significantly less sedentary time
than the control group, and the reduction in sedentary time was associated with parents’ physical
activity levels and number of TVs in the home (O'Dwyer, Fairclough, Knowles, & Stratton,
2012). An even shorter study randomized parents of overweight children ages 3-10 to a group
receiving four weekly 2-hour in-person sessions focused on nutrition, physical activity, and
motivation, or to a waitlist control group. At post-intervention, there were no differences in
children’s screen time, but children in the intervention group significantly decreased BMI

compared to the control group (Shelton et al., 2007). In a one-group pre-post study, nutrition and
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PA activities were incorporated into Head Start centers, but parents received letters on child
BMI, a communication campaign, and participated in a 6-week parent led program. After 6
months, children had increased light PA, reduced TV viewing, and reduced daily energy intake
(Davison, Jurkowski, Li, Kranz, & Lawson, 2013).

Many recent studies of early child weight and behaviors have targeted solely parents as
the agent of change, with the goal of changing parent behavior in order to lead to changes in
child behavior. The KAN-DO study, a large RCT with mother-child dyads of children ages 2-5,
was designed to improve diet, physical activity and weight, with the intervention curriculum
components delivered via monthly mailed kits, telephone counseling sessions, and child activity
materials. They found that mothers in the intervention group reduced their own consumption of
SSBs and increased the availability of healthy food in the home; however, there were no
differences in maternal sedentary behavior, child SSB consumption, child sedentary behavior, or
child screen time (Ostbye et al., 2012). Another 6-month family-based RCT targeted changes in
high-calorie foods, beverages, fruits and vegetables, and physical activity, and consisted of 18
group sessions and 6 home visits by staff members. The intervention group had greater decreases
in child BMI percentile, caloric intake, and sugar-sweetened beverage consumption compared to
the control group (Stark et al., 2011). Notably, the latter intervention seems to have produced
greater effects, potentially due to the more intensive nature of the intervention. A shorter
intervention, requiring only 8 weekly 2-hour classes on diet and physical activity for moms of
children ages 1-3, resulted in significant decreases in maternal weight, child energy intake, and
child SSB consumption (1.8 to 1.0 servings per day), which was correlated with a significant
reduction in maternal SSB consumption (2.4 to 1.0 servings per day; (Klohe-Lehman et al.,

2007). While most interventions targeting parents have focused on broad dietary and physical
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activity behaviors, one home-based study targeted solely vegetable intake in parents and children
ages 2-5, and consisted of 4 newsletters and 2 telephone calls focused on goal setting, problem
solving, and tailored feedback (Tabak, Tate, Stevens, Siega-Riz, & Ward, 2012). The
intervention successfully increased parents’ offering of both fruits and vegetables, indicating that
a relatively low intensity intervention aimed at parents as the agent of change can be successful
at changing specific behaviors.

A seminal paper by Dietz and Robinson supports the need for parental involvement in the
prevention of child obesity, and recommends that parents use four strategies to control weight
gain, including controlling the environment, setting goals, monitoring behavior, and rewarding
successful behavior change (Dietz & Robinson, 2005). A recent statement by the American
Heart Association echoed the Dietz and Robinson paper by creating a conceptual model of core
strategies for changing behavior in family-based interventions (Faith et al., 2012). They indicated
that identifying the behavior to change is an important first step, after which parents are
encouraged to change the environment, set behavioral goals, and develop self-efficacy for that
behavior. Of the interventions targeting behavior and weight change in preschool-aged children,
some of the most successful interventions were those that specifically targeted the parent as the
agent of change and incorporated behavioral change techniques into the intervention.

Weight Loss Programs for Adults

Typical adult behavioral weight loss interventions consist of reducing caloric intake,
gradually increasing moderate-to-vigorous intensity exercise, and self-monitoring of diet and
exercise (Diabetes Prevention Program Research Group, 2002). The standard behavioral program
consists of weekly face-to-face group sessions that last between 60 and 90 minutes, often

tapering off to biweekly or monthly following the first 3 to 6 months. Occasionally programs
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will add additional components such as telephone calls, text messages to prompt self-monitoring
and goal setting, or a study website where participants can access study materials and self-
monitor their diet and exercise. These interventions are known to be effective and typically result
in significant weight losses by 6 months (Wing, Gorin, & Tate, 2006).
Parents in Standard Behavioral and Family-Based Weight Loss Interventions

Because families play a crucial role in the development of child behaviors and
preferences, preventing obesity during the preschool years will necessitate the use of effective
interventions for working with parents and caregivers. Importantly, family-based interventions
take into account the contextual factors within the home, including aspects of daily family life
and decision-making. The most effective interventions for both adults and children are those of
longer length and those that require a high frequency of group meetings (Perri, Nezu, Patti, &
McCann, 1989). Similarly, among adults and families, higher treatment attendance at group
meetings is associated with greater weight losses (Golan, Kaufman, & Shahar, 2006; Kalarchian
et al., 2009; Wadden et al., 2009). But despite the clinically important weight losses that result
from standard behavioral interventions, these programs can be time consuming for parents, and
some may have trouble adhering to program requirements and attendance at group meetings.
Even with standard behavioral programs, attrition is more likely in longer programs (Peter R.
Brown, W. J. Brown, Y. D. Miller, & V. Hansen, 2001b; Wing, Blair, Marcus, Epstein, &
Harvey, 1994), but dropout in family-based studies is especially high, ranging from 27-73%
(Skelton & Beech, 2011). Families may have difficulty participating in lengthy programs, as they
likely have more barriers to participation and challenges with scheduling and time demands than
adults without children. In particular, young women with children have many time demands and

constraints in their lives, which could preclude their ability to participate in interventions,
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especially those that require weekly group meetings (P. R. Brown et al., 2001b). Interventions
with face-to-face group meetings that have specifically targeted mothers have had poor
attendance and retention (Hartman, Hosper, & Stronks, 2011). As an example, in a large RCT of
postpartum women with 18 in-person group meetings and additional telephone calls focusing on
healthy eating and physical activity, the group meetings had only 27% attendance. There was no
difference in weight loss between the intervention and control groups, and no differences in SSB
consumption. But importantly, the number of group meetings attended was positively associated
with weight loss (Ostbye et al., 2009). A study with mothers of children ages 1-4 that involved 8
weekly 2-hour classes had only 44% of participants in attendance at the first session, and
attendance continued to decrease over time (Jordan et al., 2008). One RCT with mothers of
infants up to 18 months old required only six 2-hour face-to-face group sessions, and while
adherence to group meetings was not reported, 34% of the participants dropped out before the
follow-up assessment. This is lower than some other studies, potentially because the meetings
were scheduled at the same time as a first-time parents’ group that the participants had already
been attending prior to the intervention (Lioret et al., 2012). Even with as little as 6 to 8 in-
person meetings, the studies described still had problems with retention, indicating that mothers
of young children require study components that will fit into their busy schedule.

Interventions using other varied components have had somewhat better retention and in
some cases, better outcomes. Correspondence-based interventions, including those that use
computer-based and telephone contact, are among the alternatives to group-based interventions
and have been successful in promoting weight loss, though weight losses average from 1-4 kg
(Black, Coe, Friesen, & Wurzmann, 1984; Forster, Jeffery, Schmid, & Kramer, 1988; Jeffery,

Danabher, Killen, Farquhar, & Kinnier, 1982). These weight losses are smaller than that achieved
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with face-to-face group meetings, but effective for populations who are unable to attend weekly
group meetings. In particular, a 6-month weight loss intervention among postpartum mothers
delivered via mailed materials and telephone contacts resulted in weight losses of 7.8 kg, and had
only 23% dropout compared to a dropout of 40% in the control group (Leermakers, Anglin, &
Wing, 1998). In an intervention specific to mothers of children ages 2-5, the intervention group
received 12 weekly newsletters and was compared to a group that received a one-time booklet
given during the first week of the program. Results indicated that the newsletter group had
significant increases in child outdoor play compared to the control group, and had 98% follow-
up at 12 weeks (Essery, DiMarco, Rich, & Nichols, 2008). Other research among adults has
found that a low maintenance intervention focused on reducing sugar-sweetened beverages by
replacing them with either water or diet beverages can result in significant weight losses (Tate et
al., 2012).

The evidence reviewed here suggests that interventions that do not require face-to-face
group meetings are ideal for parents; however, a critical gap in the intervention literature is the
lack of family-based interventions targeted toward mothers of young children that seek to
facilitate their attendance and enhance the effectiveness of the interventions. Importantly, there is
evidence that adherence to self-monitoring recommendations is associated with better weight
losses among children and parents, above and beyond the effect of other treatment adherence
measures (Germann, Kirschenbaum, & Rich, 2007; Wrotniak, Epstein, Paluch, & Roemmich,
2005). Unfortunately, there is some emerging evidence to suggest that parents of children have
difficulty completing traditional daily self-monitoring diaries of diet and physical activity

(Tompkins Nezami, 2011, unpublished data). Therefore, it is possible that a lower maintenance
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intervention with a focus on monitoring a small set of behaviors could be a promising method for
intervening with parents and children.
eHealth and mHealth Behavioral Weight Loss Interventions

Emerging technologies have been used to develop interventions that address the
difficulties to attendance and adherence in face-to-face interventions. While the success of in-
person interventions is maximized among participants who are most adherent and attend a
greater number of group meetings, participants who are unable to fully participate in face-to-face
groups may respond better to interventions that are delivered remotely, via the internet and/or
text messages.

Interventions that use websites as the primary mode of delivery are common, and while
weight losses do not equal those of face-to-face trials, they result in clinically meaningful weight
losses of about 1.5 - 4 kg greater than commercial weight loss programs and control groups
(Gold, Burke, Pintauro, Buzzell, & Harvey-Berino, 2007; Tate, Jackvony, & Wing, 2006; Tate,
Wing, & Winett, 2001). The success of internet-based programs is due in part to the factors that
contribute to success in face-to-face interventions, most notably “attendance” and behavior
change techniques, which in the case of internet interventions, can consist of logging on to the
website, viewing study materials, goal setting, and self-monitoring (Krukowski, Harvey-Berino,
Bursac, Ashikaga, & West, 2013; Neve, Morgan, Jones, & Collins, 2010). As an example, an
RCT compared a behavior therapy internet program for weight loss to an education-only
program, and found that the behavior therapy group had lost 4.1 kg by 6 months compared to
only 1.6 kg in the education-only group (Tate et al., 2001). In addition, another RCT found that

adding human e-counseling, including feedback on self-monitoring, reinforcement, and
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encouragement, to an internet weight loss program with automated feedback improved weight
loss outcomes by 4.7 kg in comparison to the no-counseling group (Tate et al., 2006).

Using mobile phones is a relatively novel technique, but one that has shown to be
effective across a range of behaviors including smoking cessation and physical activity
(Fjeldsoe, Marshall, & Miller, 2009; Head, Noar, lannarino, & Grant Harrington, 2013).
Interventions using text messages and mobile-based websites or applications have the capability
to reach many people, as mobile phone use is high and continues to increase among adults in the
United States. Among the 91% of Americans who own a cell phone, 63% of them use it to access
the internet or email; therefore, 57% of all U.S. adults use a cell phone to access the internet
(Duggan & Smith, 2013). This is more than twice the amount in 2009, indicating that mobile
web use is increasing quickly and will soon be a technology that most Americans use and have
access to. When examining mobile web users by demographic characteristics, 85% of adults ages
18-29 are users, followed closely by 73% of adults ages 30-49. Adults from high-income
households, and those from urban and suburban areas as compared to rural, are more likely to
access the internet on cell phones. A recent qualitative study indicated that parents preferred
online and mobile programs because of their convenience in receiving intervention content, their
flexibility, and the ability to access programs at any time (Burrows et al., 2015), and internet-
and mobile-based interventions have shown acceptable participation and attendance rates among
mothers of young children (Fjeldsoe, Miller, Graves, Barnett, & Marshall, 2015; Knowlden,
Sharma, Cottrell, Wilson, & Johnson, 2015). Overall, the current data seem to indicate that
accessing the internet on mobile phones occurs across diverse populations, such that using

mobile phones to intervene with a variety of populations is now possible.
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Text messaging is increasingly being used in behavioral weight loss interventions to
supplement existing intervention components. For example, a study among college students
randomized to a Facebook group, a Facebook plus text messaging group, or a control group,
found that at 8 weeks, the Facebook plus text messaging group had greater weight losses than the
Facebook-only group (Napolitano, Hayes, Bennett, Ives, & Foster, 2013). Patrick and colleagues
conducted a 16-week RCT comparing an intervention with 3-5 daily personalized text and
picture messages, printed materials, and monthly phone calls to a group that received printed
materials about weight control on a monthly basis. At 4 months, the intervention group had
greater weight losses than the control group, with a difference of almost 2 kg (Patrick et al.,
2009). Other interventions have used text messages primarily to increase participants’ ease and
ability of self-monitoring their behaviors. In the Text4Diet study (Shapiro et al., 2012), the
intervention group received 4-5 daily tailored text messages, many of which requested them to
self-monitor their weight and daily steps as recorded by a pedometer. The control group received
monthly newsletters via email. There were no differences in weight loss at 6 or 12 months;
however, weight losses were greater among participants who were more adherent to the
intervention (i.e. by responding to text messages that elicited a response). Adherence to self-
monitoring via text message in the Text4Diet study ranged from 50-60% throughout the study,
which is lower than ideal, although in that particular study, responding to self-monitoring
requests required that they had worn their pedometer throughout the day. Though few other
studies have specifically measured the feasibility and acceptability of self-monitoring weight-
related behaviors via text message, one research study among mothers of infants found that
participants reported SMS as an acceptable and convenient way to provide self-monitoring data

(Whitford et al., 2012).
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In summary, there has been a widespread adoption of eHealth and mHealth interventions,
many of which have been effective in producing clinically meaningful changes in behaviors and
weight loss. Notably, these interventions would seem to be well suited to populations that have
difficulty adhering to the standard face-to-face interventions, including parents of young
children, but surprisingly few studies have been done using the internet and/or text messaging as
modes of delivery to reduce weight or produce changes in weight-related behaviors among
mothers of young children. Due to the barriers and time demands experienced by parents, an
intervention that requires self-monitoring of primarily 2 behaviors, via text message or a mobile-
based website that is accessible to participants at any time of day, could be a successful
technique by which to promote behavior change.

Summary

Over the last 40 years, research has confirmed a trend for the onset of obesity at
increasingly younger ages. This is concerning, because, despite the belief among many that
children “grow out of their baby fat,” excessive weight gain in early childhood is known to
increase the risk of obesity and its health-related consequences throughout childhood and into
adulthood. The strongest predictors of child weight are maternal weight and weight-related
behaviors, including SSB consumption. In addition, mothers of young children are more likely to
be overweight or obese due to the time demands and life transitions that occur when having
children. This puts young children of overweight and obese mothers at particularly high risk for
obesity during their childhood years. Because the development and socialization of children
under the age of 5 occurs primarily in the home, this warrants a treatment approach that targets
young children within the family environment, addressing the needs of both the mother and her

child to improve their health. Little research has examined the adherence and success of adults
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with children in traditional behavioral weight loss interventions, and even fewer studies have
specifically adapted interventions for use in mothers with young children. The critical next step
in the literature is to understand the unique barriers to treatment participation among parents, and
then to use innovative approaches to treatment that are expected to increase adherence among

mothers, in particular, in order to improve weight-related behaviors in both mothers and children.

27



CHAPTER IIl: THEORETICAL FRAMEWORK

Social Cognitive Theory

Social Cognitive Theory (SCT) posits that individual, social and environmental factors
interact in a reciprocal manner (i.e. reciprocal determinism) to explain behavior (Bandura, 1977).
The studies in this dissertation are based on a SCT framework, as the weight-related behaviors of
both parents and children can be described in terms of the constructs in SCT that lead to behavior
change.
Study One

In the context of Study One, SCT proposes that environmental, personal, and social
barriers can inhibit behavior change (Bandura, 1997). If there were no perceived barriers to
overcome, behavior change would not be as difficult. But, adults with children report barriers to
physical activity, which SCT suggests would inhibit engagement in physical activity and hinder
subsequent weight losses (Albright et al., 2005; P. R. Brown et al., 2001b; Miller, 2005; Verhoef
& Love, 1994). Many of these barriers are similar to those among all adults, but notably, 98.6%
of mothers report that time commitments for children are a barrier to physical activity, followed
by time commitments for chores, time commitments for partners, and fatigue (P. R. Brown et al.,
2001b). Other barriers to physical activity among mothers include lack of childcare, lack of time,
and feeling guilt for taking time away from family-related duties (Albright et al., 2005; Miller,
2005; Pereira et al., 2007; Verhoef & Love, 1994). There is research that suggests that personal

perceived barriers to exercise are associated with lower levels of physical activity (Salmon,
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Owen, Crawford, Bauman, & Sallis, 2003), but what is not known is if parents report more or
different barriers to exercise than non-parents.

The analyses proposed in Study One are based on the hypothesis that adults with children
in the home will report increased perceived barriers to exercise at the beginning of the study
compared to adults without children. In addition, as SCT suggests, the greater amount of exercise
barriers will be associated with behavior change, such that their increases in physical activity
will be lower than the increases in physical activity seen among adults who are not caring for
children in the home. This, in turn, will be associated with lower weight loss during the initial
phase of the intervention and a greater weight regain in the maintenance phase.

Studies Two and Three

In a review of parents as the “agent of change” in childhood obesity programs, the
American Heart Association concluded that changing the environment leads to a change in
behavior, and setting behavioral goals encourages parents to self-monitor their behavior, which
also then leads to a change in behavior (Faith et al., 2012). SCT acknowledges and accounts for
the effect of interacting levels of influence on behavior. While SCT has frequently been used in
studies of childhood overweight, it has most often only applied its constructs, most notably self-
efficacy, to the development and/or evaluation of individual behavior and weight change within
interventions. There are few studies that have acknowledged the varying levels of influence on
child behavior and the reciprocal nature between personal and environmental influences.

As applied to maternal and child obesity in the home, child behavior is a function of
individual characteristics, maternal characteristics, including maternal weight, maternal
behaviors such as diet and physical activity, and aspects of the home environment including

availability of foods, activity equipment, play space, and media equipment. The intervention
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proposed in this study will target the following constructs from SCT that have been associated
with sugar-sweetened beverage consumption in previous studies: self-efficacy, outcome
expectations, perceived barriers (i.e. what Bandura refers to as impediments), self-regulation,
observational learning, positive reinforcement, and aspects of the home environment. In addition,
though not taken from SCT, the intervention will target limit setting within the home. The
overall goal is to use SCT to target the behavior of mothers of young children to, in turn,
promote behavior change in the child. The conceptual model for the intervention is depicted in
Figure 3.1.

Self-Efficacy. Self-efficacy is defined as an individual’s confidence in performing a
behavior across a variety of situations and circumstances (McAlister, Perry, & Parcel, 2008).
Individuals who have self-efficacy for a particular behavior or set of behaviors are confident they
can complete it, set higher goals for themselves, and believe that their behavior will have
positive outcomes (Bandura, 2004). In the weight loss field, self-efficacy for weight loss is
generally assessed as self-efficacy for a variety of diet and physical activity-related behaviors,
and has often been associated with weight loss. In this study, self-efficacy for making changes in
sugar-sweetened beverage consumption will be of particular interest and the extant research base
suggests that this will be a useful target for change in this intervention. In a cross-sectional study
of 1- and 5-year olds, higher maternal self-efficacy for limiting non-core foods was associated
with lower consumption of SSBs in both 1- and 5-year-olds and with increased water intake in 5-
year-olds (Campbell, Hesketh, Silverii, & Abbott, 2010). Yet another set of studies has
demonstrated that maternal self-efficacy for limiting unhealthy foods, barriers to limiting SSBs,
and rules restricting SSB consumption have all been associated with child consumption of SSBs

(Bolling, Crosby, Boles, & Stark, 2009; Campbell et al., 2010; Spurrier et al., 2008). While the
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above studies have all been cross-sectional and cannot conclude that an increase in self-efficacy
is predictive of behavior, the intervention proposed here accounts for a relationship between self-
efficacy and behavior that goes in both directions (Figure 3.1), as an increase in self-efficacy
could lead to a change in behavior, while success in changing behavior could in turn lead to an
increase in self-efficacy, further reinforcing the cycle of behavior change.

Within this intervention, maternal self-efficacy will be specific to making changes in the
home environment, reducing personal SSB consumption, and limiting child SSBs. To increase
maternal self-efficacy, the intervention will foster performance accomplishments among the
participants, which Bandura (1977) proposed as strongly related to self-efficacy. To do this, the
intervention will promote short-term, reasonable goal setting in order to change SSB and screen
time behaviors gradually over time, and will encourage mothers to keep track of their progress
and acknowledge when they have reached a goal. In addition, they will receive performance
feedback from the study staff that praises their achievements when they meet one of their goals.
Overall, mothers’ successful performance in changing the home environment, engaging in limit
setting, and changing her own SSB consumption and screen time should lead to further increases
in self-efficacy.

Outcome Expectations. Outcome expectations refer to the belief that a given behavior
will or will not lead to a certain outcome (Bandura, 1977). In the childhood obesity field, it has
been suggested that parents of young children are not concerned about their child’s weight, and
moreover, are not concerned with specific dietary and sedentary behaviors, but tend to worry
more about their child not eating enough food or other kinds of illnesses and overall health.
Qualitative research indicates that parents are hesitant to reduce their child’s consumption of

SSBs, in addition to 100% fruit juice, as they believe that the vitamin C content is important and
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do not believe that it has a strong relationship with weight (Beck, Takayama, Halpern-Felsher,
Badiner, & C Barker, 2013; Bolling et al., 2009). Therefore, a critical part of this intervention
will seek to change mothers’ expectations about the benefits of reducing SSBs and 100% fruit
juice.

Perceived Barriers. Bandura specified that impediments to behavior have to be overcome
before the individual can engage in the behavior (Bandura, 2004). Much research has shown that
as perceived barriers to behavior change increase, the likelihood of behavior change decreases.
The results of one qualitative study suggested that parents are hesitant to restrict 100% fruit juice
because they anticipate crying, whining, or temper tantrums from their child (Bolling et al.,
2009). While not yet studied among parents of preschoolers, a cross-sectional study with parents
of older children found that perceived barriers, including the inability to get the child to follow
the rules, lack of time, and the child’s dislike of certain foods, were associated with the child’s
intake of healthy foods (Weber Cullen et al., 2000). To reduce the perceived barriers of mothers
in this intervention, they will be encouraged to identify barriers to making changes to SSBs and
will brainstorm strategies to overcome those barriers. In addition, they will receive prompts via
text message to self-monitor their behaviors and to continue making changes, which will serve as
a cue to engage in a behavior despite the perceived barriers.

Self-Regulation. Self-regulation is the idea that an individual can take control of and
regulate his or her own behavior (McAlister et al., 2008). In the intervention context, this is often
done through goal setting, self-monitoring of behaviors, problem solving, and rewards or
reinforcements. To date, no studies have specifically targeted maternal self-monitoring of SSBs,
but evidence from behavioral weight loss interventions demonstrates that self-monitoring of

behavior, particularly diet and physical activity behaviors, has a strong relationship with weight
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loss and is an essential component for behavior change (Butryn, Phelan, Hill, & Wing, 2007;
Linde, Jeffery, French, Pronk, & Boyle, 2005; Wadden, Butryn, & Wilson, 2007).

Within this intervention, mothers will be asked to self-monitor their own consumption of
SSBs, in addition to the SSB consumption of their child each day. Because research has
suggested that receiving daily prompting to self-monitor increases the rates of self-monitoring
(Greaney et al., 2012), mothers will be prompted multiple times weekly via text message to self-
monitor these behaviors.

Observational Learning. Observational learning implies that individuals learn behavior
through vicarious learning, or by observing the behavior of others (Bandura, 1977). In family-
based interventions, observational learning is a critical factor for change in child behavior, as the
child is socialized primarily in the family environment and learns behaviors from his or her
parents. There are many studies that show correlations between a variety of parent and child diet
and physical activity behaviors. Several cross-sectional studies have found positive relationships
between mother and child soft drink consumption in particular (Sonneville et al., 2012;
Vereecken et al., 2004), with one indicating that children of mothers who consumed less than 1
serving per day had 5.8 times the odds of also drinking less than one serving per day (Sonneville
etal., 2012). An intervention study targeting mothers and children ages 1-3 found correlations in
the reductions over time in SSB consumption in mothers and children (Klohe-Lehman et al.,
2007). In the current intervention, mothers will be taught about the link between parent and child
behaviors, and the importance of role modeling healthy food behaviors. In this manner, children
will learn from observing their mothers’ behaviors, will develop positive views towards these

behaviors, and in the long-term, might make healthy food and activity choices.
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Home Environment. SCT posits that environmental factors can directly influence
behavior and may interact with personal, behavioral, and other environmental factors to
influence behavior (McAlister et al., 2008). The home environment is where young children
spend most of their time, and “obesogenic” environments, or those that promote unhealthy diet
and limit engagement in physical activity, are known to be associated with child weight status
(Sonneville et al., 2012). A cross-sectional study has shown that the availability of fruit juice,
fruit drinks, and soft drinks in the home are associated with child SSB consumption (Spurrier et
al., 2008). Because mothers serve as the primary gatekeepers to the availability of food and
media items in the household, it is critical to intervene with mothers to improve the home
environment. Within this intervention, mothers will be asked to decrease the availability of SSBs
(100% fruit juices, fruit drinks, lemonade, caloric soft drinks, sweetened teas, sports drinks, and
flavored milks) in the home, and increase the availability of water and other healthy foods, such
as fruits and vegetables.

Limit Setting. Parental limit setting within the household has been related to child diet
and physical activity behaviors. In a cross-sectional study, SSB consumption in preschool
children were lower when parents reported restriction of fruit juice and caloric soft drinks
(Spurrier et al., 2008). A longitudinal study of children from infancy until the age of 6 years old
indicated that the practice of mothers setting limits on sweets and junk food was associated with
reduced odds of consuming SSBs more than one time per day (Park et al., 2015). In this study,
mothers will be asked to set limits on SSB consumption such that, even when children ask, they
are not allowed any SSBs except for those that fall below their weekly goal for consumption.

Mothers will be encouraged to clearly communicate these limits with their children, and will be
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provided with a chart to post in the household on which the child can place stickers for each day
a rule is followed.

Positive Reinforcement. Positive reinforcement, a principle taken from operant
conditioning, involves introducing a positive stimulus, or outcome, following a desired behavior
in order to make the behavior more likely to occur again (B. F. Skinner, 1974). In the case of
obesity, it generally means that some kind of verbal praise or tangible reward is provided
following engagement in a weight-loss-promoting behavior, such as eating vegetables or
engaging in an exercise session. Though positive reinforcement has not been studied in regards
to reducing SSB intake among children, there is some evidence that using positive reinforcement
strategies can increase children’s physical activity, their liking of physical activity, and reduce
their preference for sedentary behavior (Epstein, Saelens, Myers, & Vito, 1997). In this study,
mothers will be encouraged to use positive reinforcement techniques with their child by using
study-provided weekly beverage charts and stickers, with weekly prizes on the weeks that
children meet their goal, in order to provide positive outcomes for reducing SSB consumption
and making it more fun for the child.

Conceptual Model

As described above, Social Cognitive Theory is the primary theory used to develop this
intervention. Maternal outcome expectations, perceived barriers, self-regulation, and self-
efficacy were chosen as targets of change due to their specific associations with their own and
their child’s sugar-sweetened beverage consumption. First, the intervention will directly target
outcome expectations, perceived barriers to behavior change, self-regulation, and self-efficacy
for behavior change. Through increased self-monitoring, greater self-efficacy, more positive

outcome expectations, and reduced perceived barriers to behavior change, it is expected that
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mothers will then make changes in the home environment to reduce SSBs, will increase the use
of positive reinforcement with their child, will reduce their own SSB consumption, and will
impose limits on these behaviors in the household. In turn, children will reduce their SSB
consumption (Figure 3.1.a.). Because maternal weight loss is a secondary outcome, a similar but
modified conceptual model is presented with maternal weight loss as the outcome (Figure
3.1.b)).

Overview of Behavioral Techniques in Study Two

Several reviews of childhood and family-based interventions have been conducted that
have evaluated the components and behavioral change techniques within each intervention and
determined which are most often present in effective interventions. A review of physical activity
and nutrition interventions targeting mothers of young children found that interventions needed
to have used at least 3 out of 5 of the following components of intervention development:
formative research, based on theory, use of behavior change strategies, evidence-based, and
targeted to socio-economic status/ethnicity (Hartman et al., 2011). Based on those criteria, the
intervention proposed in this study used 3 of the 5 components to develop the intervention,
including being based on theory, using multiple behavior change strategies, and based on
evidence, thus increasing the chance that this intervention will be effective.

A separate review analyzed the presence of behavior change techniques as defined by
Abraham and Michie (2008) across interventions that targeted parents to change child physical
activity and diet behaviors, and found that interventions were most likely to be successful when
they included at least one behavioral change technique from each of the 5 processes of behavior
change: identify and motivate readiness to change, facilitate motivation to change, provide

relevant information and advice, build self-efficacy and independence, and prevent and manage
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relapse (Golley, Hendrie, Slater, & Corsini, 2011). There are several behavioral change
techniques that can be used to address each of the 5 processes of behavior change, and this study
used 1-2 behavioral change techniques to target change in each of the SCT constructs (Table

3.1).
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Table 3.1. Theoretical constructs matched to intervention strategies

Determinant

Strategies

Self-efficacy

Prompt self-monitoring?

Set short-term goals?

Provide tailored performance feedback?

Meter of how much money saved from not purchasing SSBs

Outcome Expectations

Provide general information about risk of obesity in young children®
Provide general information on relationship between SSB, screen time,
and obesity*

Perceived Barriers

Prompt barrier identification®
Provide strategies to overcome barriers
Prompt behavior change with cues to action/encouragement

Self-Regulation

Prompt self-monitoring?
Set short-term goals?

Home Environment

Environmental restructuring®

Limit Setting Provide tailored performance feedback®
Stress management
Positive Provide contingent rewards®

Reinforcement

Praise child for behavior

Observational
Learning

Provide information on mother as behavioral role model for child

! 1dentify and motivate readiness to change; ? Facilitate motivation to change; * Provide relevant
information and advice/behavior change strategies; * Build self-efficacy and independence; °
Prevent and manage relapse
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3.1.a. Conceptual model of change in primary outcome: child sugar-sweetened beverage

consumption
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3.1.b. Conceptual model of change in secondary outcome: maternal weight change
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Figure 3.1: Conceptual models of the intervention outcomes
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CHAPTER IV: EFFECT OF CHILDREN IN THE HOME ON EXERCISE BARRIERS,
PHYSICAL ACTIVITY AND WEIGHT LOSS IN A BEHAVIORAL WEIGHT LOSS
INTERVENTION

Introduction

Physical activity is an important behavior for maintaining a healthy weight, and is known
to reduce the risk of weight gain, chronic disease, and mortality (Donnelly et al., 2009;
Schoenborn & Stommel, 2011). Despite the health benefits of physical activity, only 20% of
adults currently meet the American College of Sports Medicine’s recommendations of 150
minutes of moderate physical activity a week or 75 minutes of vigorous physical activity per
week, in addition to strength training 2 days a week (CDC, 2015; Haskell et al., 2007). Finding
time for 150 minutes or more per week of physical activity may be difficult for many adults who
have competing obligations such as demanding work schedules or taking care of a family.

Adults with dependent children in the home are a population at risk of not meeting
physical activity guidelines due to their increased responsibilities that include taking care of
children, increased household duties, and transporting children to school and extracurricular
activities. The epidemiological research has studied the physical activity levels of parents and
nonparents using both self-reported and objective measures of activity. Generally, cross-sectional
studies using self-report data have shown that adults caring for children have lower physical
activity levels than adults without children (Bellows-Riecken & Rhodes, 2008; Berge et al.,
2011; Burton & Turrell, 2000; Nomaguchi, 2004). One study showed that parents with children

in the home engaged in 23 minutes less per week of self-reported total physical activity than
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adults without children in the home (Nomaguchi, 2004), and a study among young adults found
that parents engaged in approximately one hour less of moderate-to-vigorous physical activity
(MVPA) per week than nonparents (Berge et al., 2011). In addition, longitudinal research has
demonstrated a causal effect of parenthood on decreased self-reported exercise, with several
studies finding that physical activity levels decrease during the transition into motherhood and
fatherhood compared to adults who remain childless (Bell & Lee, 2005; Brown & Trost, 2003;
Hull et al., 2010).

Two additional studies have used objective measurements to compare the physical
activity levels of parents and nonparents but had mixed results. In a large study of over 1800
adults that used accelerometers to measure physical activity, being a parent was not associated
with MVPA levels (Candelaria et al., 2012). However, in a study of couples where physical
activity was measured objectively across a 12-month period, there was a significant decrease in
MVPA among women who had their first child during that time period compared to women who
did not have children, but this relationship was not significant for men (Rhodes et al., 2014).
Thus, the objective physical activity data do not firmly suggest that MVVPA differs between
parents and nonparents. However, perhaps there are temporary decreases in MVPA following the
birth of a child due to the lifestyle changes that occur that may require that adults reduce their
leisure-time physical activity in order to give greater attention to the new child.

As some of the research has shown that the birth of a child could lead to reduced activity
levels, it is reasonable to assume that additional time demands required by two or more children
would have an even greater impact on parents’ ability to prioritize physical activity. A cross-
sectional study demonstrated that a greater number of children in the home was associated with a

lower likelihood of having high self-reported physical activity levels, but was also associated

41



with a higher likelihood of engaging in increased minutes of household activities (Sternfeld et
al., 1999). Three additional studies evaluated the effect of increasing numbers of children in the
home on physical activity levels using accelerometers as an objective measure of physical
activity. The first study found that there were no differences in daily MVPA minutes between
parents with one child or two or more children in the home compared to adults without children
(Adamo, 2012). Another study similarly found no differences in MVVPA levels between parents
with one child, two child, or three or more children compared to no children, but parents with
two children in the home had higher levels of light physical activity (LPA) compared to adults
with no children (Gaston, Edwards, Doelman, & Tober, 2014). In the Rhodes et al. study, there
was no significant decrease in MVVPA for women or men who had their second child compared
to either the adults with no children or those who had their first child (2014). While this research
suggests that parents with multiple children do not have differing MVPA levels compared to
adults with only one child or no children, it is important to consider that most of the research has
compared parents with one child, two or more children, etc. to the reference group of adults
without children. What is needed to make conclusions about the effect of increasing numbers of
children in the home is an evaluation of the dose-response relationship between the number of
dependent children in the home and parents’ physical activity levels.

Social Cognitive Theory (SCT) posits that environmental, personal, and social barriers, or
impediments, can inhibit behavior change (Bandura, 1977). If there were no perceived barriers to
overcome, behavior change would not be as difficult. But research has shown that adults with
children report barriers to physical activity (Albright et al., 2005; Peter R. Brown, Wendy J.
Brown, Yvette D. Miller, & Vibeke Hansen, 2001a; Mailey, Huberty, Dinkel, & McAuley, 2014;

Miller, 2005; Pereira et al., 2007), which SCT suggests would inhibit engagement in physical
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activity and thus may impact weight change. Many of parents’ perceived exercise barriers are
similar to those among all adults, but notably, 98.6% of mothers report that time commitments
for children are a barrier to physical activity, followed by time commitments for chores, time
commitments for partners, and fatigue (P. R. Brown et al., 2001a). Other barriers to physical
activity among mothers and fathers include lack of childcare, lack of time, and feeling guilt for
taking time away from family-related duties (Albright et al., 2005; Mailey et al., 2014; Miller,
2005; Pereira et al., 2007). Research has shown that there is a negative association between
perceived exercise barriers and physical activity levels (Salmon et al., 2003), but there have been
no studies that have directly compared the exercise barriers of parents and non-parents, and
whether the association between exercise barriers and actual physical activity levels varies
between the two subgroups.

While the evidence reviewed above suggests that there may be differences between adults
with and without children in the home in terms of how they perceive, prioritize, and engage in
exercise, what has not yet been studied is whether parents report more or different barriers to
physical activity than non-parents, whether these barriers are associated with engagement in
MVPA, and whether or not parents are more likely to gain weight over time due to increased
exercise barriers and lower levels of MVVPA. Even less is known about the success of adults with
children in behavioral weight loss interventions. During participation in an intervention,
engaging in more than 150 minutes of MVVPA per week is associated with increased weight
losses compared to engaging in less than 150 minutes, and weight loss benefits increase if
MVPA exceeds 250 minutes per week (Donnelly et al., 2009). Adults who join a weight loss
intervention study are likely motivated to make the dietary and exercise changes needed to lose

weight. However, if adults with dependent children in the home enter studies with greater
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barriers to exercise, they may have difficulty increasing their physical activity to an amount that
will help them lose weight. It is not yet known if adults with children who are participants in
behavioral weight loss interventions experience greater difficulty with physical activity change
and weight loss than adults without children.

The overall objective of this study was to evaluate if the number of children in the home
was associated with short- and long-term weight change in a traditional behavioral weight loss
intervention, and whether those relationships were mediated in sequence by barriers to exercise
and changes in physical activity. The first goal was to evaluate the relationship between number
of children in the home, baseline perceived barriers to exercise, initiation of physical activity,
and short-term weight change in a behavioral weight loss intervention. We hypothesized that the
number of children in the home would be negatively associated with percent weight loss at 6
months and that the relationship would be mediated by baseline exercise barriers and change in
MVPA at 6 months, such that the number of children in the home would be positively associated
with perceived barriers to exercise at baseline, and in turn higher exercise barriers would be
associated with a lower increase in MVVPA from baseline to 6 months, which would be associated
with lower percent weight loss at 6 months. The second goal was to evaluate the relationship
between the number of children in the home, perceived barriers to exercise after the first 6
months of the intervention, maintenance of physical activity changes from 6 to 18 months, and
long-term weight maintenance from months 6 to 18. We hypothesized that an increasing number
of children in the home would be associated with a greater percent weight regain from 6 to 18
months and that this relationship would be mediated in sequence by change in exercise barriers
at 6 months and change in MVVPA from 6 to 18 months, such that a greater number of children

would be associated with a smaller decrease in exercise barriers from baseline to 6 months,
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which in turn would be associated with a greater reduction in MVPA from 6 to 18 months, and in
turn greater percent weight regain from 6 to 18 months.
Methods
Study Design and Participants

Participants in this study were drawn from a completed 18-month randomized controlled
trial that compared a standard behavioral weight loss approach to a stepped approach in which
participants were moved to progressively higher stages of contact when they did not meet their
weight loss goals (Jakicic et al., 2012). Participants (N=363 randomized) had a BMI between 25
and 40 kg/m?, were between the ages of 18 and 55, and participated in less than the equivalent of
20 minutes per day of physical activity three times per week. In the standard behavioral weight
loss program, participants attended weekly group meetings for 6 months, followed by biweekly
meetings for 6 months and monthly meetings for the final 6 months. In the stepped group, face-
to-face meetings occurred only once a month for all 18 months of the study, but participants who
were moved to progressively higher stages could also receive telephone counseling, individual
sessions with study staff, and meal replacements. Participants in both groups were encouraged to
reduce their energy intake to 1,200 — 1,500 kilocalories per day, reduce their dietary fat intake to
20-30% of total daily calories, and to gradually progress to 300 minutes per week of MVVPA. The
current study collapsed data across treatment groups and used only participants with complete
data on the variables used in the analyses, including data on how many children under the age of
18 they had in the home, exercise barriers, MVPA data, and weight measurements at 6 and 18

months.
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Measures

Percent Weight Loss and Percent Weight Regain. The two outcome variables in this
study were percent weight loss (PWL) at 6 months and percent weight regain (PWG), which was
the percent of weight lost from baseline to 6 months that was regained between 6 and 18 months.
Weight and height were measured at baseline, 6, and 18 months in clinics at UNC Chapel Hill
and the University of Pittsburgh. Percent weight change variables were calculated using the

following formulas:

Weight at 6 months — Baseline Weight
PWL = - , x 100
Baseline Weight
Weight at 18 months — Weight at 6 months
PWG = ; - , x 100
Weight at 6 months — Weight at Baseline

The PWL variable has increasingly negative values as weight declines. After calculating PWG,
the sign of the variable was reversed, so that it would have increasingly positive values
representing greater weight regain.

Number of Children in the Home. As part of the demographics and lifestyle
questionnaire, participants indicated the number of children under the age of 18 in the home. The
primary independent variable for this aim was the number of children under the age of 18 in the
home. Parents were classified as having no children, one child, or two or more children in the
home.

Exercise Barriers. Perceived exercise barriers were assessed at baseline and 6 months
using the Expected Outcomes and Barriers for Habitual Physical Activity scale, a 26-item scale
with 12 items about expected benefits of physical activity and 14 items about barriers to physical
activity (Steinhardt & Dishman, 1989). In the original validation sample, the scale had reliability

coefficients ranging from 0.47 to 0.78 in its three subscales. The exercise barriers variable was
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calculated as the sum of the 14 barriers items. Examples of items included “The major reason |
do not exercise is that...” “I do not have enough time,” “it interferes with work,” and “family
obligations” (Likert scale from 1 = strongly disagree to 5 = strongly agree).

Physical Activity. Physical activity was assessed at baseline, 6, and 18 months using the
SenseWear Pro Armband (BodyMedia, Inc.). Participants were told to wear the armband for 7
days during each assessment period for at least 10 hours a day. The primary outcome for this aim
was total minutes per week of MVVPA, calculated using combined bouts of activity that were at
least 10 minutes in duration at 3 or more METSs.

Statistical Analysis

All analyses were conducted using SAS 9.3 (SAS Institute, Cary, NC). Descriptive
statistics, including means and frequencies, were calculated for demographic variables, exercise
barriers, MVPA, PWL, and PWG across levels of number of children in the home. Demographic
variables were tested for their association with number of children in the home and PWL/PWG
using ANOVA for continuous variables and chi-square tests for categorical variables, and
significant confounders were included as covariates in the mediation analyses. For descriptive
purposes, linear regression models were used to compare exercise barriers, MVPA, and
PWL/PWG at each time point across levels of number of children in the home, in which the
levels of one child and two or more children were entered as dummy variables compared to no
children. After running outlier diagnostics of leverage, discrepancy, and influence, a total of five
outliers were removed from the sample; two outliers of MVVPA at 6 months (adjusted for
baseline), two outliers of MVPA at 18 months (adjusted for 6 months), and one outlier on PWG

from 6 to 18 months.
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The PROCESS macro for SAS (Hayes, 2013) was used to test hypotheses that the
number of children in the home was associated with short- and long-term percent weight change,
and that this relationship was mediated in sequence by perceived exercise barriers and changes in
MVPA. In simple mediation models, the independent variable (IV) is tested for its association
with the dependent variable (DV; c path), the 1V is also tested for its association with the
mediator (a path), and the mediator is tested for its association with the DV, controlling for the
IV (b path). The significance of the indirect effect (a*b), or the effect of the independent variable
on the dependent variable through its effect on the mediator, can be evaluated using a variety of
methods such as the Sobel test (Sobel, 1982) or using bootstrapped approaches (Preacher &
Hayes, 2004). In contrast to simple mediation, serial mediation models test the effect of an
independent variable on the dependent variable through its effect on two or more mediators in
sequence (Figure 4.1). The PROCESS macro for SAS has several advantages over traditional
methods of mediation, such as the Sobel test, because it allows for testing of complex models,
including serial mediation, and tests the significance of multiple indirect effects without reducing
power. PROCESS uses an ordinary least squares regression-based path analytic framework and
bias-corrected bootstrapped confidence intervals to evaluate the significance of indirect effects,
which are significant when the confidence interval does not include zero.

Two separate serial mediation models were used to evaluate the impact of number of
children in the home on exercise barriers, changes in MVPA, and weight change. The variables
in each model met the temporal precedence assumption of mediation, such that the measurement
of exercise barriers preceded that of physical activity, and physical activity change preceded the
weight measurement. The only exception to temporal ordering is in the first model, in which the

number of children in the home and exercise barriers at baseline were measured at the same time
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prior to randomization. The first model, termed the initiation model, evaluated the impact of
number of children in the home on the initiation of physical activity and weight change at 6
months, whereas the maintenance model evaluated the impact of number of children in the home
on the maintenance of physical activity changes and weight maintenance from 6 to 18 months.
Though an indirect path operating through both exercise barriers and change in MVPA is
expected to mediate the relationship between number of children in the home and percent weight
change, PROCESS includes estimates for all possible indirect paths, including those that operate
through pathways a» and bz, as shown in Figure 4.1.

In the initiation model, the number of children in the home was entered as the
independent variable, baseline exercise barriers and change in MVVPA at 6 months were entered
as serial mediators, and PWL at 6 months was entered as the dependent variable. Change in
MVPA was entered as a residualized change score, calculated from a linear regression model in
which MVPA at 6 months was regressed on the baseline value of MVPA and the residualized
score was the remaining variance in MVVPA at 6 months not explained by baseline levels. The
maintenance model entered number of children in the home as the independent variable, change
in exercise barriers from baseline to 6 months and change in MVPA from 6-18 months as serial
mediators, and PWG from 6 to 18 months as the dependent variable. Change in exercise barriers
and change in MVPA were entered as residualized change scores, with the 6-month exercise
barriers regressed on baseline exercise barriers and 18-month MVPA regressed on 6-month
MVPA. To evaluate weight regain as a percentage of initial weight lost, the analyses required
that two participants who gained weight from baseline to 6 months be removed from the sample.
Analyses were collapsed across treatment groups and both mediation models controlled for

gender, race, age, marital status, treatment group, and clinic.
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Results
Sample Characteristics

The baseline characteristics of the study sample by number of children in the home are
presented in Table 4.1. Overall, participants were 69.3% white and 82.9% female, and had an
average BMI of 33.0 (£ 3.6) at baseline. Participants with two or more children in the home had
a significantly greater BMI at baseline than participants with no children (B =-1.13, p =.01) and
a marginally significant higher BMI than participants with one child (B=-1.11, p = .06). There
was a linear association between number of children in the home and marital status such that
participants with more children in the home were more likely to be married (p < .0001).

The means and standard deviations of variables in each model can be found in Table 4.2.
A total of 263 participants with complete data at 6 months were included in the analysis of the
initiation model. There were no differences in dropout by 6 months by number of children in the
home. At 18 months, however, the completers sample was reduced to 202 participants. There
were significant differences in retention from baseline to 18 months based on number of children
in the home, with 75% retention among participants with no children in the home, 83% retention
for participants with one child, and 64% retention among participants with two or more children
(x> =7.62, p=.02).
Baseline Exercise Barriers, Initiation of Physical Activity and Weight Loss

Compared to participants with no children in the home, participants with one child had
greater exercise barriers at baseline, but there were no differences in baseline exercise barriers
between participants with two or more children in the home and those with none. For descriptive
purposes, means and standard deviations of specific exercise barriers items can be found in Table

4.3. At 6 months, participants with no children had a percent weight change of -10.8%,

50



participants with one child lost 9.3%, and participants with two or more children lost 8.9%. In
bivariate models, the weight loss of adults with two or more children was significantly less than
that of adults with no children, but the difference between adults with no children and adults with
one child was not significant.

In the serial mediation model, the total effect (c) between number of children in the home
and percent weight change was significant (B = 1.15, p = .01), such that as children in the home
increased, percent weight change decreased. The number of children in the home was positively
associated with baseline exercise barriers (a1), exercise barriers was negatively associated with
changes in MVPA from baseline to 6 months (d21), and greater increases in MVPA were
significantly associated with greater PWL (b2). The direct effect (¢ ) between number of children
in the home and PWL remained significant after accounting for both mediators. The indirect
effect of number of children in the home on PWL operating through exercise barriers at baseline
and MVPA change from 0-6 months was significant, but the indirect effect through exercise
barriers was not significant and the indirect effect through change in MVPA was not significant
(Table 4.4).

Change in Exercise Barriers, Maintenance of Physical Activity and Weight Regain

There were no differences in change in exercise barriers from 0-6 months or change in
MVPA from 6-18 months among participants with one child or two or more children compared
to participants with no children in the home, although the 6-month level of MVPA of adults with
one child compared to adults with no children approached significance. Participants with one
child in the home regained significantly more weight from 6 to 18 months compared to
participants without children, but there was no difference in weight regain between participants

with two or more children and those without.
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The total effect (c) between number of children in the home and percent weight change
was not significant (B = 0.69, p = .20). The only significant pathway in the model was between
MVPA change from 6-18 months and PWG from 6-18 months (b2), such that greater reductions
in MVPA were associated with increased PWG. None of the indirect effect pathways between
number of children in the home and PWG from 6-18 months were significant.

Discussion

This study showed that the number of children in the home impacted the short-term
weight loss success of participants in a behavioral weight loss intervention, which was due to
greater perceived barriers to exercise at study entry and in turn, a lower level of MVVPA initiation
from baseline to 6 months. However, the number of children in the home did not differentially
impact changes in perceived exercise barriers or the maintenance of physical activity or weight
gain from 6 to 18 months. While some observational studies have shown that parents have lower
levels of physical activity than non-parents (Bell & Lee, 2005; Bellows-Riecken & Rhodes,
2008; Berge et al., 2011; Brown & Trost, 2003; Burton & Turrell, 2000; Nomaguchi, 2004;
Sternfeld et al., 1999), this is the first study to demonstrate that adults with children in the home
beginning a behavioral weight loss intervention also have greater barriers to exercise than adults
without children in the home, and that these barriers can inhibit the large increases in MVPA that
are necessary to maximize short-term weight loss. This study fills a gap in the literature by using
rigorous methods, including mediation models in appropriate temporal sequence and objective
measures of physical activity, to demonstrate that having children in the home may preclude full
adherence to recommendations in a weight loss intervention.

The finding of a significant total effect between number of children in the home and

PWL at 6 months suggests that there are factors related to having children that impede weight
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loss, even during active participation in a weight loss program. There was a dose-response
relationship between number of children in the home and PWL, such that participants with no
children lost the most weight and participants with two or more children lost the least amount of
weight. However, it is important to note that participants with children still lost an amount of
weight that would be considered clinically significant and beneficial for weight-related health
outcomes. This particular program provided a high level of support to overcome individual
barriers compared to programs of lower intensity, including regular in-person group sessions and
telephone counseling, which is likely the reason that participants with children, regardless of
how many, were successful at losing weight. However, this high-intensity program is only
effective for those who participate, and it is possible that adults with children in the home do not
attend as many group sessions, participate in as many phone calls, or self-monitor as often as
adults without children. Unfortunately, that data are not available for the current study, but a
future direction would be to evaluate the intervention participation and adherence of adults with
children.

As hypothesized, the number of children in the home was also positively associated with
exercise barriers at baseline. While there have been a wealth of qualitative studies describing
parents’ barriers to exercise (Albright et al., 2005; P. R. Brown et al., 2001a; Mailey et al., 2014;
Miller, 2005), this is the first study to demonstrate that parents perceive greater barriers to
exercise than nonparents. This relationship exists even among a sample of participants who were
not sufficiently active at baseline, adding even more impact to the effect of having children on
perceptions of engaging in exercise. Interestingly, while the results implied that there may be a
dose-response relationship between number of children in the home and exercise barriers, the

mean exercise barriers do not appear to increase linearly from no children to two or more
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children. In the bivariate model, only parents with one child had significantly higher barriers than
parents with no children. It is unclear why the barriers reported by parents with two or more
children would be equivalent to those of parents with no children, but perhaps the longer
duration of parenthood has given them time to adjust to the demands of having a family and they
no longer feel as though there are as many barriers to exercise. Similarly, though it is not true in
all cases, it is more likely that parents with two or more children have children that are school-
age and more independent. Without infants and preschool-aged children that need considerable
help and observation, parents may perceive fewer barriers to engaging in physical activity during
the day.

There was a significant indirect effect between the number of children in the home on
PWL at 6 months operating through the effect of the two serial mediators, exercise barriers at
baseline and change in MVVPA. An increasing number of children in the home was predictive of
lower PWL due to its association with greater exercise barriers, which in turn were associated
with a lower increase in MVPA from baseline to 6 months. The existing research has suggested
that parents may have lower levels of physical activity than nonparents and higher weight at any
given point in time (Bellows-Riecken & Rhodes, 2008; Berge et al., 2011; Burton & Turrell,
2000), and other research has shown that the birth of a child can negatively impact physical
activity levels (Bell & Lee, 2005; Brown & Trost, 2003; Hull et al., 2010; Rhodes et al., 2014).
However, this is the first study to demonstrate that adults with children in the home who are
actively seeking out weight loss treatment and who have equivalent levels of activity with
nonparents at study entry may have more difficulty increasing their exercise to recommended
levels due to a greater number of perceived exercise barriers. In this study, all participants were

instructed to gradually increase their exercise to 300 minutes of MVPA per week. Adults with no
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children had an average of 250 minutes per week at 6 months, whereas adults with one child and
two or more children had an average of 202 and 208 minutes, respectively. While the average
MVPA of adults with children did not meet program recommendations, it exceeded the
recommendations of the physical activity guidelines and indicates that many of the adults with
children in the home were successfully able to make changes in their exercise during the first 6
months of the program. However, they were not able to reach the same levels as adults without
children, which appeared to impact their weight loss success.

Though it was not a hypothesis of the current study, it was interesting to find that
baseline levels of MVVPA did not differ among adults with or without children. The Stepped Care
study specifically recruited individuals who had low levels of physical activity, which could
explain why adults without children had similar levels of MVPA as adults with children.
Nonetheless, this result is consistent with some of the observational research that has also used
objective measures of physical activity and found that MVVPA levels were not different between
parents and nonparents (Adamo, 2012; Gaston et al., 2014).

On average, participants regained weight from 6 to 18 months, but there was no total or
direct effect of number of children in the home on PWG from 6 to 18 months. It was expected
that greater numbers of children in the home would be associated with greater weight regain, and
while adults with one child regained significantly more weight than adults without children, there
was no difference in the weight regained between adults with two or more children and those
without children. It is likely for this reason that there was no total effect between number of
children in the home and PWG. Notably, there were significant differences in dropout based on
number of children in the home, such that adults with two or more children had the greatest

amount of dropout. It is possible that adults with multiple children who encountered difficulty in
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making recommended changes or who were not as successful at losing weight may have been
more likely to drop out. Post-hoc analyses indicated that parents with two or more children in the
home who dropped out by 18 months had a PWL of 5.5% at 6 months, had an increase in
exercise barriers of 0.6, and increased their weekly MVPA by 53 minutes. This was compared to
a PWL of 9.8%, a decrease in exercise barriers of 5.0, and an increase of 146 weekly minutes of
MVPA among those that had complete data at 18 months. Logistic regression analyses revealed
that the only significant interaction between having two or more children in the home (compared
to none) and changes from baseline to 6 months was in change in exercise barriers, such that
having two or more children in the home was more strongly associated with dropout at 18
months among those who had smaller changes in their exercise barriers from baseline to 6
months (p <.05). Thus, parents with two or more children who remained in the study at 18
months appear to have been at least somewhat more successful at making changes than those
who dropped out. There were no significant interactions between having one child in the home
and changes from baseline to 6 months. Thus, the finding that parents with one child appear to
have regained more weight from 6 to 18 months than parents with two or more children could be
explained in the difference in likelihood of dropout by 6 months.

The only significant pathway in the serial mediation model was a significant association
between change in MVPA from 6-18 months and PWG. This is the first study to examine the
maintenance of weight and physical activity changes in parents and nonparents, and could
suggest that the responsibilities and time demands of having children in the home have a greater
effect on initiating physical activity than they do on maintaining those changes. Given that most
participants in the study decreased their exercise from 6 to 18 months, it is likely that there are

factors other than having children in the home that are stronger predictors of physical activity
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maintenance, such as self-efficacy, screen time behaviors, or previous weight loss success
(Boutelle, Jeffery, & French, 2004; Sallis, Hovell, & Hofstetter, 1992).

A strength of this study is that it was the first to use an objective measure of physical
activity and serial mediation models to evaluate the exercise barriers, physical activity change,
and weight changes of adults with and without children in a behavioral weight loss intervention.
The majority of the studies examining physical activity in parenthood have used self-report
measures of physical activity. Unfortunately, though self-report is the easiest way to measure
physical activity and puts a low burden on participants, it tends to overestimate activity levels
and have a high degree of measurement error (Nusser et al., 2012). Objective measures of
physical activity such as accelerometers or armbands are preferred, despite their high burden on
participants. In addition, the use of serial mediation analyses in the context of an intervention
allowed for an assessment of longitudinal change during active treatment for weight loss.

The finding that an increasing number of children in the home can negatively impact the
initiation of physical activity and short-term weight loss in a behavioral weight loss intervention
has important implications for intervention research. In traditional behavioral weight loss
interventions, adults are often asked to attend in-person group meetings, meet a strict caloric
goal, increase their exercise up to 45 minutes per day, and self-monitor their calories and
exercise daily. For adults caring for dependent children, these requirements may be too difficult
to fit into their daily schedule which also includes taking care of children, food preparation for
all family members, and transporting children to school or other activities. What may be more
successful are interventions designed specifically for families, in which parents are not expected
to make the same changes as adults without children, but instead receive behavior change

recommendations that are designed to accommaodate their busy schedules and reduce their
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barriers to exercise. Alternatively, traditional adult interventions could target content towards
parents, such as specific lessons, tailored feedback, stress management, and problem solving,
that acknowledges the difficulties of making changes under strict time demands and encourages
them to overcome or reduce their exercise barriers.

While this study showed that increasing numbers of children in the home are associated
with reduced initiation of physical activity and weight loss, a limitation of the study is that there
were no data available on the ages of children in the home. Therefore, no conclusions can be
made about the effect of the age of children in the home on exercise and weight change. Some
research has suggested that adults with children under the age of five or six may have lower
MVPA levels due to the demands of taking care of infants and other young children, whereas
there are no differences in MVVPA levels between adults with older children and adults without
children (Adamo, 2012; Candelaria et al., 2012; Gaston et al., 2014). It will be important for
future research to examine how the ages of children in the home affect participation in a weight
loss intervention so that researchers can modify and design interventions that increase adherence
among parents of young children.

Another limitation of this study is the amount of missing data at 18 months, particularly
with the armband and FFQ measures. This could possibly reflect the difficulty that parents have
in sticking to a weight loss program, as parents with two or more children were the most likely to
drop out by the end of the study. In addition, the low number of males in the study sample is a
limitation, as it was not possible to determine if the relationships between number of children in
the home and MVPA and weight change were different between males and females. It is possible

that the effect of children in the home on exercise and weight change varies by gender, as

58



mothers have been shown to be less active than fathers (Bellows-Riecken & Rhodes, 2008), but
this has yet to be studied within behavioral interventions.

Given the benefit of behavioral weight loss programs to overweight and obese adults, it is
important to determine which psychosocial variables are reliable predictors of successful
behavior and weight change. This study uniquely contributes to the intervention literature by
using temporally-based mediation models and an objective measure of physical activity to
demonstrate that the number or children in the home is associated with greater exercise barriers
at study entry, and in turn, with reduced MVPA changes and weight loss. However, the number
of children in the home did not affect long-term maintenance of MVPA and weight changes
among participants who remained in the intervention. This study fills a significant gap in the
literature by providing information on the barriers and successes of intervention participants who
are providing for and taking care of children in the home, and informs future interventions that
may be able to tailor intervention components and strategies to better increase parents’ adherence

to treatment recommendations.
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Table 4.1 Baseline demographic characteristics by number of children in the home

No Children 1 Child 2+ Children

Variable (n=177) (n=59) (n=103)
Age (years)? 43.7 +9.7 42.8+8.2 41.2+6.6
Gender (% female) 82.5% 83.1% 83.5%
Race (%)

Caucasian 72.9% 64.4% 66.0%

African-American 25.4% 30.5% 28.2%

Other 1.7% 5.1% 5.8%
Marital Status (% married) 49.1% 67.8% 80.6%
Education (% college graduate) 59.1% 59.3% 59.2%
BMI (kg/m?)? 32.70 +3.73 32.72 + 3.06 33.83 + 3.67
Weight (Ibs.)? 203.1 +31.7 201.2 +30.9 208.9 +33.9

aMeans and standard deviations.
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Table 4.2 Means across child status for exercise barriers, physical activity, and percent weight

change

Initiation Model, 6 Months

No Children 1 Child 2+ Children
(n=138) (n=47) (n=178)
Variable Mean SD Mean SD Mean SD
Exercise Barriers Baseline 35.84 7.36 39.85** 9.45 37.13 7.61
Average MVPA min/week
Baseline 86.07 133.92 75.11 134.50 82.17 113.12
6 Months 250.48 232.04 202.30 187.08 208.00 168.92
percent Weight Change 1084 639 932 550  -890% 583
Maintenance Model, 18 Months
No Children 1 Child 2+ Children
(n=109) (n =40) (n=53)
Variable Mean SD Mean SD Mean SD
Exercise Barriers
Baseline 35.27 753  40.25** 940 37.631 7.86
6 Months 3218 779 3453 901 3225  7.05
Average MVPA min/week
6 Months 266.96 229.06 196.047  173.94 230.70 181.26
18 Months 177.05 208.48 124.84 113.71 181.29 180.86
gerlcgrm\rﬁ'ght Regain 503 9110  6295% 16229 395"  136.43

p <.10, *p < .05, **p < .01, ***p < .001, for significance of dummy-coded variables for 1 child
and 2+ children compared to no children. Model for exercise barriers at 6 months included
baseline level as a covariate and model for MVPA at 18 months included 6-month MVPA as a

covariate.
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Table 4.3 Means of exercise barriers items across number of children and time

29

No Children 1 Child 2+ Children
Mean (SD) Mean (SD) Mean (SD)
Baseline 6 Months Baseline 6 Months Baseline 6 Months
.. .lack of motivation 3.99(1.17) | 2.96(1.44) | 3.96(1.18) | 293(1.42) | 3.79(1.25) | 3.08(1.36)
...that T am too lazy 3.38(1.34) | 251(1.32) | 3.64(1.22) | 2.36(1.28) | 3.10(1.37) | 2.40(1.28)
...that I am too busy 3.48(1.27) | 3.50(1.28) | 3.74(126)" | 3.62(1.39) | 3.81(1.17) | 3.59(1.17)
...that I do not have enough time 3.18 (1.31) 3.53 (1.26) 3.60 (1.38) 3.62 (1.30) 3.63 (1.22)* 3.51(1.18)
...that it interferes with school 1.41 (0.96) 1.37 (0.92) 1.74 (1.11)* 1.58 (1.16) 1.38 (0.86) 1.37 (0.84)
...that T am too tired 324 (1.32) | 2.85(1.22) | 3.70(1.18)* | 2.98(1.32) | 3.27(L15) | 2.77 (1.06)
...that it interferes with work 2.47 (1.39) 2.32 (1.30) 2.63 (1.48) 2.56 (1.36) 2.52 (1.29) 2.40 (1.29)
.. that it is too inconvenient 264 (1.21) | 2.32(1.18) | 2.81(1.38) | 2.36(1.07) 269 (125 | 2.27(1.19)
.. that the weather is bad 220(1.16) | 2.23(1.29) | 2.26(1.29) | 2.38(1.11) | 213(1.14) | 1.92(1.17)
.. lack of facilities 2.04(1.28) | 1.61(0.95) | 2.40(1.41)* | 1.91(1.10) | 1.95(1.15) | 1.53(0.92)
...that exercise is boring 270(128) | 2.25(1.23) | 298(1.32) | 2.40(1.36) | 250(1.19) | 2.05(1.27)
'e');g;gitsiam too fatigued by 203(117) | 1.78(0.98) | 2.00(L18) | 2.02(1.14) | 2.09(1.13) | 1.95(1.03)
...family obligations 1.85(1.11) | 2.10(1.26) 2.91 2.98 (1.42) 3.10 3.22 (1.30)
(1.51)%** (1.31)***

fihMItmveh&mhr““m“thm 1.23(0.64) | 1.40(0.82) | 1.45(1.00)" | 1.58(1.06) | 1.18(0.45) | 1.29 (0.69)
imit my exercise

Note. All items begin with “The major reason when | do not exercise is....” Significance of between-group differences at baseline in
regression with 1 Child and 2+ Children dummy coded and compared to reference group of No Children: Tp < .10, *p < .05, **p < .01,

***p< 0001

aSignificant difference of change from baseline to 6 months compared to reference group (No Children), controlling for baseline, p <

.01.




Table 4.4 Indirect effects of number of children in the home on percent weight loss and percent
weight regain

Mediators (Pathway) Est. 95% CI?

Initiation Model

Baseline Exercise Barriers > Change

in MVPA 0-6 (a1d2:by) 0.0418 (0.0063, 0.1263)
Baseline Exercise Barriers (aib1) 0.0452 (-0.0511, 0.2094)
Change in MVPA 0-6 (azhy) 0.1756 (-0.0770, 0.4689)

Maintenance Model

Change in Exercise Barriers 0-6 =

Change in MVPA 6-18 (a1d1b2) 0.1518 (-2.5430, 4.7447)
Change in Exercise Barriers 0-6 (aib1) 0.0069 (-0.1219, 0.3248)
Change in MVPA 6-18 (azby) 0.8531 (-0.7722, 4.3264)

Notes: Analyses controlled for gender, race, age, marital status, treatment group, and clinic.
Change variables entered as residualized change scores from previous value.
4Indirect effect is significant when the confidence interval excludes 0.
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a, = 1.41*
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in the Home

a. Initiation Model

a, =-5.69
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Baseline Months
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g
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b. Maintenance Model

Figure 4.1 Depiction of serial mediation models and results of each pathway. MVPA =
moderate-to-vigorous physical activity. Significance of unstandardized regression coefficients,

"0 <.10.%p < .05, **p < .01, ***p < .001.
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CHAPTER V: REDUCING SUGAR-SWEETENED BEVERAGE INTAKE IN PRESCHOOL-
AGED CHILDREN: RESULTS FROM THE SMART MOMS RANDOMIZED TRIAL

Introduction

Childhood obesity remains a significant public health concern, especially due to its
increasing occurrence at younger ages (Ogden et al., 2012). Currently, 22.8% of children ages 2-
5 are overweight or obese (Ogden, Carroll, Kit, & Flegal, 2014), and of the approximately 32%
of children and adolescents who are overweight or obese, one in three become overweight before
they turn five years old (CDC, 2010). Excessive weight gain in early childhood is known to
increase the risk of cardiovascular disease, type 11 diabetes, and obesity during adulthood
(Gardner et al., 2009; Guo et al., 2002; Williams et al., 1992). Thus, there is a great need for
interventions that can effectively decrease the risk of becoming overweight during early
childhood.

Longitudinal epidemiological research has consistently demonstrated that the
consumption of sugar-sweetened beverages (SSBs) is prospectively associated with the
development of obesity in young children (DeBoer et al., 2013; Flores & Lin, 2013; Millar et al.,
2014). In addition, SSB consumption has also been linked to cardiometabolic markers in children
ages 3-11, including waist circumference and decreased HDL cholesterol (Kosova, Auinger, &
Bremer, 2013). Preschool-aged children consume an average of almost 13 ounces per day of
SSBs and 100% fruit juice (O'Connor et al., 2006), which amounts to approximately 176 calories
per day from SSBs and 100% fruit juice (Wang et al., 2008). Sugary beverages and fruit juices

make up 12-18% of preschoolers’ recommended daily energy intake (Gidding et al., 2006), and
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randomized controlled trials have found that reductions in SSBs have been effective at
preventing excessive weight gain in children and adolescents (de Ruyter et al., 2012; Ebbeling et
al., 2012).

Behavioral interventions designed to improve the dietary and physical activity behaviors
of young children have increased in recent years, with the most successful interventions being
those that include active involvement by the parent (Golan, 2006; Hesketh & Campbell, 2010).
This is expected, as parents are “gatekeepers” in the home and their support, rules, and modeling
of dietary behaviors are associated with child dietary behaviors (Rosenkranz & Dzewaltowski,
2008). In addition, epidemiological research has shown that some of the strongest predictors of
child weight are maternal weight and maternal dietary and physical activity behaviors (Davison
& Birch, 2001; Flores & Lin, 2013).

The links between SSB consumption, maternal weight, and child weight suggest the need
to intervene with mothers in order to change child SSB consumption, with the long-term goal of
preventing child obesity. However, to this date childhood weight, dietary, and physical activity
programs that have targeted mothers have had limited success, often due to low adherence and
high dropout rates (Fitzgibbon et al., 2013; Ostbye et al., 2012; Skelton & Beech, 2011). Several
interventions targeting mothers of young children have required regular in-person meetings, but
have found that attendance and retention has been low, ranging from 27-66% (Hartman et al.,
2011; Jordan et al., 2008; Lioret et al., 2012; Ostbye et al., 2009). What is needed to effectively
intervene with mothers of young children are interventions that are adapted to meet their busy
schedules, such as those that can be delivered using the internet and mobile phones.

Among adults, weight losses in internet-delivered interventions are not as high as those

found in face-to-face interventions (Gold et al., 2007; Tate, Jackvony, & Wing, 2003; Tate et al.,
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2006), but given that face-to-face interventions are only successful for those who adhere to the
program, it may be useful to use internet- and mobile-delivered programs among parents of
young children. Interventions that use mobile phones to deliver content may be appropriate for
women with young children, as they remove the barrier of accessing in-person programs and
reduce the required time demands. Qualitative research has shown that mothers find mHealth
programs to be an acceptable and convenient way to receive intervention content and that they
are preferred due to their flexibility and ability to access program content at any time (Burrows et
al., 2015; Whitford et al., 2012). In addition, recent internet- and mobile-based interventions
have shown acceptable participation and attendance rates among mothers of young children
(Fjeldsoe et al., 2015; Knowlden et al., 2015). What is needed are interventions that adapt the
traditional behavioral intervention to (1) require a limited number of in-person visits, (2) focus
on small, specific dietary behaviors, and (3) use simplified self-monitoring so that mothers
remain engaged and are successful at changing child behavior.

The purpose of this study was to test the efficacy of a mobile-delivered program to
reduce sugar-sweetened beverage consumption among children at high risk of becoming
overweight or obese in childhood compared to a waitlist control group. An additional goal of the
study was to help mothers lose weight by reducing their own consumption of SSBs and
decreasing their intake of high-calorie foods. The primary hypothesis was that children
randomized to the intervention group would have a greater decrease in SSB consumption at 6
months (post-intervention) compared to children randomized to the waitlist control group. The
secondary hypothesis was that mothers randomized to the intervention group would have greater

weight loss at 6 months compared to mothers randomized to the waitlist control group.
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Methods
Study Design

Smart Moms was a randomized controlled trial evaluating the effect of a primarily
smartphone-based behavioral intervention to reduce sugar-sweetened beverage consumption
among preschool-aged children of mothers who were overweight or obese. Mother-child dyads
were randomized to either the Smart Moms intervention group or to a modified waitlist control
group. Assessments were conducted at baseline, three, and six months following randomization.
The study was approved by the UNC non-biomedical IRB on March 18, 2014.
Participants

The eligibility criteria were selected in order to target a population of children with a high
risk of obesity, particularly those who had a high consumption of fruit juice and/or sugar-
sweetened beverages and who had mothers who were overweight or obese. The eligibility
criteria included maternal BMI of 25-50 kg/m? and a child between the ages of 3-5 who
consumed at least 12 ounces a day of sugar-sweetened beverages (fruit drinks, sport drinks,
caloric sodas, sweetened teas, flavored milks, and for the purposes of this study also included
100% fruit juice). This intervention excluded women with a BMI of 50 kg/m? or greater, as a
more intensive intervention is appropriate for individuals with severe obesity. Mothers were
required to have a smartphone with an active data and text messaging plan. Exclusion criteria
included: participation in another weight loss program, pregnancy within the last 6 months,
planning to become pregnant in the next 6 months, planning on moving from the study area
within the 6-month study period, excessive alcohol intake as determined by more than 14
servings a week or a diagnosis of substance abuse, maternal diagnosis of schizophrenia or

bipolar disorder, hospitalization for a psychiatric diagnoses in the past year, unable to participate
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in alternatives to sedentary behavior including standing and walking, and a child medical
diagnosis that would prohibit small changes in dietary behaviors. Mothers with multiple children
in the home within the eligible age range of 3-5 years were allowed to participate, but the eldest
child within the age range who met all inclusion criteria was chosen as the participant in the
mother-child dyad.

Recruitment

Participants were recruited from several counties within and surrounding Orange,
Durham, and Wake counties. The target population for this intervention is a significant subset of
North Carolina residents, as 64.9% of adults in North Carolina are overweight and an additional
27.8% are obese (CDC, 2010). Moreover, up to 50% of adults in NC are not meeting
recommendations for sugar-sweetened beverage intake, and 56.2% of children under the age of
five drink more than one serving of 100% fruit juice per day and 46.2% drink one or more
servings of other sugar-sweetened beverages (NC Child Health Assessment and Monitoring
Program, 2013).

Recruitment occurred through a variety of modes including online services (e.g. online
newspapers, Craigslist, message boards for local mothers), a paid advertisement on a local parent
website (Carolina Parent), an informational email through the university listserv, flyers posted in
UNC hospitals, pediatric offices, coffee shops, and other community locations, flyers distributed
to childcare center parents, and a paid Facebook advertisement. Recruitment messages were
written to draw the attention of mothers hoping to lose some weight while also improving the
health of the family. For example, advertisements included recruitment messages such as “Lose a
little weight, live a lot better” and “Are you a mom of a child ages 3-5? Do you want to make

healthy choices for you and your child?”” Recruitment materials directed individuals to the
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recruitment website which contained detailed information about the study. Interested participants
then completed an online Qualtrics screening survey to determine their eligibility. Women who
met initial eligibility requirements were followed up by phone for additional screening, and fully
eligible participants attended an in-person orientation session where they provided written
informed consent to be in the study and completed the baseline assessment. Flexible times were
offered for assessment visits, including early mornings, after-work hours, and Saturdays, in order
to accommodate mothers’ busy schedules and increase the likelihood that they would attend and
subsequently enroll in the study.

Participants who completed both the in-person and online portions of the assessment
were randomized to either the intervention or the control group. Randomization was stratified by
childcare or kindergarten attendance (yes/no) and by child consumption of SSBs at baseline (<
18 fl. oz./day or > 18 fl. oz./day).

Power and Sample Size

The primary outcome for the study was change in child SSB intake from baseline to 6
months. Table 5.1 includes evidence from previous interventions that have resulted in significant
changes in sugar-sweetened beverages. The studies with large mean differences between groups
that were equal to or just above the within-group standard deviations were 6-month studies,
while studies with somewhat smaller mean differences and with standard deviations exceeding
the mean difference were shorter studies with wide age ranges that also included older children.
Several power calculations were completed (Table 5.2) based on the median estimates from
previous studies, which are those that ranged from 7-8 weeks and targeted preschool-aged
children. Given that this study restricted the age range of children to ages 3-5, and had an active

phase of 24 weeks, it was thought that it could result in larger effect differences and smaller
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standard deviations due to a more homogenous sample. Therefore, based on the best and most
conservative power calculations, the study was powered to detect a difference of a 6-ounce
reduction between groups at 6 months, with a within-group standard deviation of 6.0. Therefore,
with 80% power at an alpha level of .05 and accounting for 20% attrition that is often seen in
family-based studies, the study required 21 participants per group for a total of 42 participants to
detect a significant difference in SSB reduction.
Intervention Procedures

Kick-Off Group Session. Mothers attended an in-person kick-off session at the
beginning of the study. The session lasted approximately 75 minutes and was led by the principal
investigator. Participants received and reviewed printed feedback from their baseline assessment.
In the session, they were informed that the primary goals of the intervention were to reduce their
total caloric beverage consumption (including SSBs, alcoholic beverages and other caloric
drinks) and to make gradual reductions in their child’s SSB and juice consumption. Information
was provided on children’s’ and adults’ average intake of sugary beverages and the health
outcomes of excess calories consumed from beverages. In addition to reducing beverages, the
mothers were given additional goals to help them lose weight, including limiting their
consumption of “red” foods, which are high-calorie, high-fat foods from the Traffic Light Diet
(Epstein, 2003), and daily weighing. The session included information on how making small,
simple changes in their beverages and red foods could result in a reduction of 100-300 calories
per day, which could lead to modest weight losses after several months.

They were also told that the study would additionally focus on the importance of
promoting the health of their family, particularly their young child who is in the study. We

introduced idea that children learn behaviors from observing their parents, so that mothers could
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be vigilant about the behaviors that they were modeling. For this reason, they were asked to
monitor and reduce their child’s SSB and juice consumption. Mothers were encouraged to view
their own weight loss efforts as a way to make healthy behavior changes in the home
environment and be a positive role model for the benefit of their children’s health.

Lastly, the session included instructions on accessing the weekly lesson content on the
website and how to send and receive study-related text messages. Participants were sent home
with a “toolkit” of study materials, which included a printed copy of the first lesson, a chart with
the mother’s and child’s weekly beverage goals, weekly self-monitoring diaries, sticker charts
and stickers, water charts, weekly prizes, two 6-0z. cups with lids for their children for easy
measuring, water bottles for the mothers and children, an 8-oz. liquid measuring cup, and a
User’s Guide with program timelines and instructions along with how to use the website and text
messaging components of the program.

Website. The Smart Moms website was created to provide resources to help mothers
change their own dietary behaviors and to work with their children to reduce their SSB
consumption. The website was responsive, or mobile-optimized, with content that was easily
viewable on a smartphone so that mothers could access the information at any time, rather than
requiring they be at home near their computer. The website included a homepage that always
displayed the most recent lesson, a “Family Corner” page with additional information on how to
apply the information learned in the lesson to the whole family, and a “Featured Drink” page that
included a recipe for a zero- or low-calorie drink. The content was updated weekly for the first
12 weeks and biweekly for weeks 13-24.

Weekly Lessons. Lessons primarily included information on behavioral strategies to

reduce caloric beverages and red foods, but also incorporated topics on dietary intake, reading
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food labels, snacking, sleep, physical activity, screen time, problem solving, stress management,
and relapse prevention strategies (Table 5.3). Participants were notified via email and text
message on Mondays when a new lesson was posted to the website in order to increase
convenience of accessing the lesson and likelihood of reading the lesson. There were 18 total
lessons, 12 weekly lessons and 6 biweekly lessons.

Weekly Goals. Participants were given beverage and red foods goals to meet each week.
The long-term beverage goal for children was to consume no more than 4 fluid ounces of 100%
fruit juice per day, and no other sugar-sweetened beverages (i.e. fruit drinks, sweetened tea,
flavored milk, regular soda, sports and energy drinks). To give children time to adjust to changes
in their usual intake of SSBs, shaping was used such that their weekly goals were tapered down
from their baseline level of consumption. The goal for the first week was similar to their baseline
level, but was gradually reduced to 4 ounces per day by week 8 of the program and remained
there for the rest of the program.

Because mothers were trying to lose weight, they had several goals to meet each week.
Their weekly beverage goal for the duration of the program was 1 serving, or 8 fluid ounces, of
caloric beverages per day (i.e. sweetened beverages described above, milk, coffee with any
caloric additions, and alcoholic drinks). Additionally, mothers tracked their intake of red foods
during the second week of the program to provide study staff with a baseline level of red foods
consumption. A weekly red foods goal was created by dividing the baseline value in half, and
participants began using the red foods goal in week 3 of the program. Lastly, mothers were
recommended to weigh themselves every day.

Self-Monitoring. Throughout the intervention, mothers self-monitored their weight, their

caloric beverage consumption, their intake of red foods, and their child’s SSB consumption.
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Participants were given paper diaries for each week of the program. While they could use any
monitoring method they preferred, they were encouraged to use the paper diaries as they were
uniquely designed to match the simplicity of the self-monitoring in this study. Rather than
monitoring calories, mothers checked a box each time they had a serving (8 fl. 0z.) of a caloric
beverage, each time they had a red food (regardless of exact caloric content), and each time their
child had a serving (4 fl. 0z.) of a SSB.

Participants submitted their self-monitoring information via text message. Each Sunday
evening, participants received a text message with a prompt to submit their weekly totals of
caloric beverages servings, red foods, their last reported weight, and their child’s weekly total of
SSBs.

Weekly Tailored Feedback. The weekly self-monitoring data submitted through text
message were used to send participants tailored feedback. They received this personalized
feedback through email, weekly for the first 12 weeks and biweekly for the second 12 weeks.
Generally, feedback messages were tailored to whether or not the child met their beverage goal
for the week, whether or not the mother met her beverage goal for the week, whether she met her
red foods goal for the week, and mothers’ weight loss progress.

Monthly Progress Check-Ins. At the end of each month, participants received a link to a
brief, 1-2 minute Qualtrics questionnaire. First, participants were asked to report which of the
lessons they had read in the last month. Additionally, when beverage or red foods goals had not
been met at least 3 out of 4 weeks in the month, participants received questions about barriers
specific to those behaviors. This information was used to provide additional feedback tailored to

their specific barriers in the next feedback email.
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Tips, Motivational Messages, and Goal Progress Assessment Text Messages. In
addition to the self-monitoring prompt text message on Sunday evening and the text notifying
them of the new lesson on Monday, all participants received an additional two text messages a
week during the first half of the program and an additional one text message per week during the
second half of the program. These consisted of tips for behavior change, motivational messages,
and goal progress assessments. The goal progress assessment questions were brief multiple-
choice questions about the progress that mothers were making towards one of the behaviors that
week. Based on their answer, a tailored feedback message was sent in response which usually
consisted of encouraging them to continue their good progress or providing them with support if
they were having difficulty. These messages were sent at random intervals, as that has been
shown to increase the effectiveness of SMS-based interventions (Head et al., 2013).

Child Reinforcement Charts. Participants were given 12 colorful, engaging weekly
charts to track the child’s beverages together with their child. They were also given stickers and
12 prizes (e.g. $1 toys, games, etc.). Each chart stated the child’s beverage goal for that week,
and the mothers were instructed to have their child put a sticker on each day that they met their
beverage goal. If the child met their total beverage goal for the week, the mother gave them a
prize at the end of the week. The charts and prizes served to increase the positive reinforcement
for the child’s SSB changes during the first half of the program. The study did not provide these
charts and prizes after week 12, but mothers were encouraged to use the same principles and to
continue with charts and prizes of their own throughout the remainder of the program.

Mothers were encouraged to have their child replace SSBs with water, so the study also

provided children with water charts and stickers to provide positive reinforcement for increasing
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their water intake. There were no specific goals for water intake, but once the chart was full of
stickers, the mothers were encouraged to give their child a prize of their own choosing.
Control Group Procedures

The modified waitlist control group attended one group session where they received their
randomization and were encouraged to continue with their normal behaviors throughout the next
6 months. They received a modified version of the intervention following the 6-month
assessments.

Measures

Participants completed assessments at baseline (prior to randomization), 3 months, and 6
months. Each assessment period included an in-person visit and the completion of online
questionnaires. Participants received a $20 honorarium for completing the 3- and 6-month
assessments.

Demographics. A lifestyle questionnaire assessed demographics at baseline, including
age of the mother and child, race/ethnicity, income, maternal employment status, maternal
education, marital status, number of children in the home, and whether the child was in childcare
or kindergarten (hereafter referred to as childcare status).

Sugar-Sweetened Beverage Intake/Diet. Mothers completed a single 24-hour dietary
recall for her own intake and another 24-hour recall in which she reported her child’s intake at
each assessment period. Trained staff members that were blind to treatment group assignment
completed the dietary recalls in order to avoid any biases. The mother-reported child recall
included only food that the parents provided the child, meaning that any food purchased at or
provided by childcare, school, or another care provider was not included. The dietary data were

entered into the Nutrition Data System for Research (NDSR), which was used to generate reports
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of the child’s sugar-sweetened beverage intake in ounces per day, mothers’ caloric beverage
intake in ounces per day, average calories that mothers consumed from beverages per day, in
addition to other dietary variables such as total calories, fat, and added sugars.

Anthropometrics. Trained research staff not blinded to treatment used standardized
protocols to measure mothers’ and children’s height and weight. Weight was measured using a
digital Tanita scale to the nearest 0.1 kg. Height was measured using a wall-mounted stadiometer
to the nearest 0.1 cm. The outcome variable was weight in kilograms, but the weight and height
of mothers was also converted to BMI (kg/m?). Percent weight loss (PWL) at 3 and 6 months
was also calculated using the following formula: [((Weight at 3/6 months — Baseline
Weight)/Baseline Weight) x 100]. The height, weight, age, and gender of the child was used to
calculate BMI z-score using the Centers for Disease Control and Prevention growth curves
(CDC, 2011). Although BMI z-scores can be a less accurate measure at heavier weights (Cole,
Faith, Pietrobelli, & Heo, 2005), in this study that was not a significant concern as most children
were normal weight or overweight. As the long-term goal was to prevent excessive weight gain,
change in BMI z-score, which accounts for age and growth patterns, was the best manner to
represent child weight in this study.

Physical Activity. To assess total weekly minutes of maternal physical activity (PA),
mothers completed the Paffenbarger Physical Activity Questionnaire (Paffenbarger, Wing, &
Hyde, 1995). It has been used to assess leisure time activity in many weight loss trials and can be
scored to provide an estimate of minutes per week and calories expended per week in overall
leisure time activity. This questionnaire was administered during the in-person assessment visit

by trained study staff.
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Adherence. Intervention adherence was measured by summing total self-monitoring
texts submitted, summing total goal progress assessment texts, and by summing the self-reported
number of lessons read as reported in the monthly progress check-ins. Frequency of use of the
weekly positive reinforcement charts with the child was assessed in the program evaluation
questionnaire at 6 months.

Statistical Analyses

All analyses were completed using SAS 9.3 (SAS, Cary, NC). Diagnostic tests were
completed before conducting outcome analyses. Outliers for child SSB consumption, maternal
weight change, and other secondary outcomes were examined using measures of local influence,
or the effect of individual cases on the regression coefficient for treatment group. This measure,
called DFFITS, has a cutoff of 1.0 for small sample sizes. There were no outliers for any
variables, including child SSB consumption and maternal weight change.

The normality of residuals was tested for all dependent variables using g-g plots and the
Shapiro-Wilks test, and homoscedasticity of residuals was tested by plotting the residuals against
predicted values. Variables that did not meet these assumptions and required a square root
transformation included maternal caloric beverage intake and maternal physical activity minutes.

Descriptive statistics, including means and frequencies, were used to describe the sample
at baseline. Independent groups t-tests and Chi-square tests were used to determine differences in
baseline characteristics between treatment groups. One-way ANOVAs and independent groups t-
tests were used to examine differences by demographic characteristics on the outcomes of child
SSB intake and maternal weight change. Any characteristics found to be associated with both
treatment group and the outcome were determined to be confounders, and thus were included as

control variables in the respective outcome analyses.
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Intent-to-treat analyses using linear mixed models were used to examine changes in the
primary and secondary outcomes. The linear mixed models included a random intercept and
effects for treatment group, time, and group by time interactions for both follow-up visits. The
primary outcome model examined the effect of treatment group on change in child SSB intake
from baseline to 3 and 6 months and controlled for race and childcare status. The secondary
outcome model examined the effect of treatment group on change in maternal weight from
baseline to 3 and 6 months and controlled for race and the number of children under the age of
18 in the home. Bonferroni adjustments accounted for the effect of comparisons at multiple time
points. For descriptive purposes, logistic regression models evaluated any differences between
groups in the percentage of mothers who lost 3% and 5% of their body weight. Additional linear
mixed models were used to examine between- and within-group change over time in child BMI
z-score, maternal caloric beverage intake, maternal calories from beverages, maternal total
caloric intake, and maternal physical activity. Correlations were used to examine relationships
between adherence measures and primary and secondary outcomes.

Results
Enrollment and Retention

The CONSORT diagram in Figure 5.1 depicts study recruitment, enrollment, and
retention. Out of 629 online screening surveys completed, 90 met full eligibility criteria and were
scheduled for an orientation and baseline assessment visit. A total of 51 participants attended the
kick-off session where they received their randomization to either the intervention group (n = 27)
or waitlist control group (n = 24).

At 3 months, 86% of participants completed the assessment, and 82% completed

assessments at 6 months. However, of those missing, three participants withdrew from the study
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for medical reasons prior to 3 months, two due to pregnancy and one due to a serious medical
surgery. After removing medical withdrawals from the sample, retention was 92% at 3 months
and 88% at 6 months. Dropout at 3 months was not significantly different between groups
(11.1% in intervention vs. 16.7% in control; x> = 0.33, p = .69). Similarly, dropout at 6 months
did not differ by group (14.3% in intervention vs. 20.8% in control; ¥* = 0.32, p = .25). At 6
months, dropout was more likely among non-white participants compared to white participants
(38.5% vs. 10.5%, Fisher’s exact ¥* = 5.20, p = .04). In addition, mothers who did not return for
assessments had a higher baseline BMI than those who returned (36.0 £ 6.0 vs. 31.9 + 4.9; t(49)
=-2.21, p =.03). There were no other differences between those who dropped out and those who
completed their 6-month assessments.
Baseline Characteristics

The baseline characteristics of the study sample can be found in Table 5.4. Participants
were 75% white and 22% black, 82% had an income above $50,000, and 80% had a college
degree. Mothers were on average 36.4 (£ 5.1) years old and had an average BMI of 32.6 ( 5.3).
Children were, on average, 4.1 (+ 0.8) years old and 51% were male. The average BMI z-score
of children was 0.39 (x 0.96); 75% of children were normal weight and 24% were overweight or
obese. There were no significant differences by treatment group, although there was a trend for
mothers in the intervention group to have greater numbers of children in the home (y*wn = 6.44,
p =.09). For example, 37% of mothers in the intervention group had 3 or more children,
compared to only 17% in the control group. The number of children in the home was also
associated with maternal weight change at 3 months (F(3) = 3.35, p =.02), so it was included as

a control variable in the model for maternal weight change.
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At baseline, children in the study were consuming an average of 14.0 (x 9.0) fluid ounces
of SSBs per day, including 4.3 (= 6.6) ounces of 100% fruit juice, 4.5 (= 6.1) ounces of fruit
drinks, 3.8 (x 6.8) ounces of flavored milk, and 1.1 (+ 3.8) ounces of regular soda per day.
Children were consuming 200 (£ 137) calories and 39 (£ 26) grams of added sugar per day from
SSBs at baseline. Mothers were consuming, on average, 213.3 (= 196.9) calories from beverages
each day.

Outcome Analyses

The model-adjusted means for child SSB intake, maternal weight, and other secondary
outcomes across time can be found in Table 5.5. Using model-adjusted means, from baseline to 3
months, children in the Smart Moms group reduced their SSBs by 9.7 fluid ounces a day,
compared to a decrease of 2.8 fluid ounces a day in the control group. At 6 months, children in
Smart Moms had reduced their SSB intake a total of 9.5 fluid ounces from baseline, compared to
a reduction of 1.9 fluid ounces in the control group (Figure 5.2). The group by time interaction at
both 3 and 6 months was significant, indicating that the reduction in child SSBs was significantly
greater in the Smart Moms group compared to the control group at both time points. Within the
Smart Moms group, 52% of children met the goal of consuming less than 4 ounces per day of
SSBs at 6 months, compared to 21% in the control group who consumed 4 ounces or less at 6
months (p <.05). For descriptive purposes, Figure 5.3 displays raw means at baseline and 6
months for 100% fruit juice, sugar-sweetened beverages, and water for each treatment group.

Mothers in the Smart Moms group lost an average of 2.3 kg at 3 months, which was
significantly different than the weight gain of 1.0 kg observed in control group mothers. Weight
loss in the Smart Moms group remained significantly higher than the control group at 6 months,

with mothers in the Smart Moms group losing 2.3 kg from baseline compared to a gain of 0.9 kg
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in the control group (Figure 5.4). At 6 months, a greater proportion of Smart Moms participants
had lost 3% of their body weight compared to the control group (37% vs. 4%, p <.01), and a
greater proportion lost 5% of their body weight compared to the control group (22% vs. 0%; p <
.05). Mothers in the Smart Moms group reduced their consumption of caloric beverages
significantly more than mothers in the control group at 3 and 6 months (3 months: -12.01
fl.oz./day vs. +1.4 fl. oz./day, p <.01; 6 months: -12.62 fl. oz./day vs. -0.63 fl. oz./day, p <.05).

In addition, mothers in the Smart Moms group had a significant reduction in calories
from beverages compared to the control group at both 3 and 6 months (3 months: -122.9
kcals/day vs. 41.0 kcals/day, p < .05; 6 months: -129.4 kcals/day vs. 27.7 kcals/day; p < .01).
Although there appeared to be a trend such that mothers in the Smart Moms group decreased
their total daily calories and participants in the control group had no change in total daily
calories, there were no significant between-group differences in change in total daily calories. In
addition, there were no significant differences in changes in physical activity between groups.
Program Evaluation

All Smart Moms participants attended the in-person group session, as it was required to
receive their randomization. Out of 24 weeks, participants submitted an average of 21.5 (+ 4.3)
weeks of self-monitoring texts, and out of 18 possible weeks, participants responded to an
average of 15.4 (x 1.7) goal progress assessment texts. Participants reported that they read an
average of 11.7 (= 4.9) lessons out of 18 total lessons on the website. Self-monitoring texts and
goal progress assessment texts were associated with maternal weight change at 6 months (r = -
0.52, p <.05; r =-0.48, p < .05, respectively), such that greater text messages submitted

predicted higher weight loss. Number of lessons read was not associated with weight change.
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Text messages and lessons were not associated with changes in child SSBs, maternal calories
from beverages, or maternal total daily caloric intake.

Many participants followed the daily weighing recommendation of the program, with
40% who weighed daily and an additional 52% who weighed several times per week. While 59%
of mothers reported using the sticker chart and prizes to track the child’s beverages together with
their child “often” or “always,” only 23% continued with their own reward system during the
second half of the program. During the first half of the program, 41% of children received
weekly prizes at least 10 out of 12 weeks. Use of sticker charts and rewards was not associated
with change in child SSBs at 6 months (Table 5.6). All intervention participants reported that
they were confident that their child would continue the changes they made in their beverages.

Participants spent approximately 50 minutes (£ 39) per week completing study-related
activities that included reading lessons and other website material, reading and sending text
messages, self-monitoring, self-weighing, and using sticker charts with their child. Smartphones
were the most frequently used device for reading lessons and emails, with 44% of participants
who reported using their smartphone most often to read the lessons and 57% who used it to read
the feedback emails. An additional 17% used a tablet most often to read the lessons, and 13%
used a tablet most often to read the feedback emails. All participants reported that they would
“probably” or “definitely” recommend the program to a friend, and 91% of participants reported
being satisfied with the program.
Discussion

This study found that a primarily mobile-delivered intervention was successful at
reducing child SSB consumption and maternal weight compared to a waitlist control group. The

Smart Moms program resulted in a reduction of 9.5 fluid ounces of daily SSBs from baseline to 6
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months. Moreover, the program was effective at helping mothers lose weight, with an average
weight loss of 2.3 kg at 6 months, in addition to reducing mothers’ consumption of caloric
beverages. This study is one of the first to significantly reduce child SSB consumption and is one
of only a few parent-child interventions that has led to parental weight loss.

The reduction in SSB consumption found in this study was greater than that found in
previous studies. In a pilot study that involved in-person visits as well as home visits for parents
and their children ages 2-5 who were obese, children in the intervention group had a reduction of
0.6 servings at 6 months and 0.5 servings at 12 months (Stark et al., 2011), which is lower than
the reduction of approximately 1.5 servings found in the current study. Adherence data were not
available for the Stark et al. study, but of note, the program targeted several dietary changes in
children, including high-calorie foods, fruits and vegetables, and SSBs. Perhaps a focus on just
one behavior produces better outcomes than a focus on multiple behaviors, particularly among
families, who may feel that changing multiple dietary behaviors is too time consuming or
overwhelming. Alternatively, while baseline SSB consumption was not reported in the pilot
study, they recruited children who were obese, but not necessarily who were high consumers of
SSBs (Stark et al., 2011). Thus, the greater changes found in the Smart Moms study could be
because of the high levels of SSB intake at baseline. Similarly, a single-group study targeting
mothers and their children ages 1-3 and requiring eight weekly 2-hour classes on nutrition and
lifestyle changes, found that children had a reduction of 0.4 servings per day of SSBs (Klohe-
Lehman et al., 2007). Though the changes in SSBs were smaller than in the Smart Moms study,
the intervention also had a broader focus on several dietary and physical activity behaviors. In
fact, children in the Klohe-Lehman study also had reductions in high-fat foods and fast food

consumption, indicating that some additional dietary changes may have been made that would
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impact long-term weight changes. The results of the study must be interpreted cautiously,
however, as there was no comparison group.

Additional studies targeting a reduction in preschoolers’ SSBs, among other dietary
behaviors, did not produce significant changes. A randomized controlled trial with 400 mothers
and their children ages 2-5, the KAN-DO study, targeted changes in dietary and activity
behaviors and found that, while mothers reduced their SSB consumption and increased the
amount of healthy food available in the home, SSBs did not decrease among children (Ostbye et
al., 2012). Less than half of the participants attended the group session and participants
completed an average of only 4 of the 8 telephone coaching calls, so it is possible that the limited
participation in the study precluded the ability to produce changes in child dietary behaviors.
Additionally, a primary-care based intervention with children ages 2-6 who were obese resulted
in a 0.6-serving reduction in SSBs at one year follow-up, which was not significantly different
from the reduction of 0.3 servings in children in the usual care group (Taveras et al., 2011).
There were no significant changes in other dietary behaviors or changes in BMI z-score. Though
the intervention was designed to be easily incorporated into parents’ busy lives, only half of the
253 participants completed at least 2 of 6 intervention activities (in-person motivational
interviewing visits and telephone calls), but greater participation was associated with greater
improvements in child dietary behaviors.

The Smart Moms study is the first RCT that has produced changes in a child dietary
behavior while also producing similar dietary changes and weight loss in mothers. Mothers in the
study by Klohe-Lehman and colleagues had a weight loss of 2.7 kg at 8 weeks and reduced their
servings of SSBs from 1.5 to 1.0 serving per day, but it was not a randomized controlled trial

(2007). The KAN-DO study resulted in significant reductions in maternal SSB consumption and
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an increase in fruit and vegetable consumption, but mothers did not have a significant decrease in
BMI (Ostbye et al., 2012). As noted above, the failure to find significant changes could possibly
have been due to low participation rates. Another study with mothers and their children 9 months
— 3 years old and consisting of home visits over the course of 16 weeks resulted in significant
reductions in child caloric intake, but no change in maternal BMI (Harvey-Berino & Rourke,
2003). The Harvey-Berino study had a greater focus on parenting skills in addition to
informational content about obesity prevention. There was no focus on self-monitoring to meet
goals or on daily self-weighing as there was in the Smart Moms study, which could be why
weight loss was not achieved. To date, there has been only one study that has successfully
changed both parent and preschool-aged child weight outcomes (Quattrin et al., 2014). In that
study, 96 children ages 2-5 who were overweight or obese were randomized to a primary care
intervention or usual care for 13 sessions over 12 months, with 3 additional lessons from 12 to 24
months. There was a significant weight reduction in both children and parents at 12 and 24
months compared to the control group. While other studies involving in-person sessions have
had low attendance, the Quattrin study rescheduled all parents and children if they were not able
to attend a session, thus 100% of parent-child dyads attended the sessions as long as they
remained in the study (83% remained at 12 months and 73% at 24 months). Ensuring that
participants received the intervention contacts was likely part of the reason for significant weight
changes in the Quattrin study.

Participation and adherence in the Smart Moms study was considerably higher than in
most previous studies with mothers (Lombard, Deeks, Ball, Jolley, & Teede, 2009; Ostbye et al.,
2009; Ostbye et al., 2012; Taveras et al., 2011) and could explain the finding of significant SSB

changes in both children and mothers, in addition to a significant change in maternal weight.
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Mothers completed an average of 81% of the intervention contacts (text messages and lessons),
and reported appreciating the flexibility that the mobile-delivered program provided. Adherence
to text messages was significantly associated with maternal weight loss, but number of lessons
read was not. It is important to note that the measure of text message adherence was objective,
whereas the measure of lesson adherence was subjective and prone to recall error, as participants
were asked to recall and report which of the lessons they had read. Interestingly, none of the
adherence measures were associated with change in child SSBs, including text messages, lessons
read, frequency of use of the positive reinforcement charts, or the number of weeks that the child
received a prize for meeting their beverage goal. It is unclear why maternal adherence or use of
the charts was not associated with child SSB change, but the small sample size limits the ability
to test for significant differences. The reported usage frequency of the positive reinforcement
charts seem to imply that children who used the charts less often had somewhat greater changes
in their beverages, but results were not significant and this must be interpreted with caution.
Nonetheless, it is interesting that use of the charts was not associated with child beverage
change, and perhaps mothers who used the charts less often with their child were those who were
more confident about making changes in their child’s beverages, had fewer barriers to making
those changes, or had children who were less resistant to reducing their SSB intake. Thus, the
mothers did not have to use the positive reinforcement techniques as often in order to promote
these new changes.

Using Internet and mHealth strategies to deliver intervention content to families is a
relatively new field of research and this is the first study to use a mobile website and text
messages to deliver an intervention to mothers of preschool-aged children. One study used an 8-

week online program to target mothers of children ages 4-6, compared to a healthy lifestyles
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control group, and found that fruit and vegetable consumption increased significantly more in the
intervention group, but there were no differences in other dietary behaviors or child physical
activity (Knowlden et al., 2015). The 8-week program was significantly shorter than the 24-week
Smart Moms program, although the beverage reductions in the current study occurred by the 12-
week mark of the study. An alternative reason for the differences found in the Smart Moms
versus the former study could be that the parents were not actively targeted for their own
behavior change and weight loss. Intervening with preschool-aged children remains somewhat
controversial, as parents generally report not being concerned about their child’s weight or
dietary behaviors, even if their child is above normal weight (Eckstein et al., 2006). Mothers in
the Smart Mom study were also instructed to reduce their caloric beverages, in addition to
reducing high-calorie foods, and a small percentage of intervention content was unrelated to the
child, but was specifically directed to mothers for their own weight loss benefit. It is possible that
mothers remained engaged and motivated to continue making changes in the home because of
their own motivation to lose weight, and combined with the cues to action throughout the study
that reminded them to pursue beverage reduction with their child, was enough to lead to
significant changes in child SSB consumption.

Despite the lower time demands of the Smart Moms program, 37% of the participants
lost at least 3% of their body weight and 52% of child participants met the final SSB goal of 4
ounces or less per day. While the change in maternal weight is less than that found in traditional
behavioral weight loss interventions, the changes in weight and beverages in this study were
achieved with only one in-person treatment contact, brief online lessons, text messages, and
simplified self-monitoring. This low-burden approach efficiently used the limited time of

mothers to result in positive dietary behavior change in both the children and mothers.
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A strength of this study is that it was the first to use a randomized controlled trial design
to determine the efficacy of an innovative mobile-based program to change behavior in mother-
child dyads. But despite the innovative nature of this study, there were several limitations.
Mothers provided reports of SSB intake and dietary intake through a 24-hour dietary recall, and
although self-report for these variables is typical in obesity research, there could have been an
increased chance of social desirability bias among intervention participants because of the
program’s focus on changing beverages. To mitigate this risk, participants were informed that
the research assistant conducting the dietary recall was blinded to their treatment group. The
research assistants being blind to treatment group also ensured that the completion of the dietary
recall and the measurement of the primary outcome was not biased. Another limitation is that the
24-hour dietary recalls were completed for only one day, whereas three days of dietary recalls
are considered the gold standard. This is a substantial limitation, as SSB intake likely varies
considerably from day to day, and the primary analyses of this study were based on only one day
of intake. However, given the time demands required for the mothers to complete recalls for both
herself and her child at each of the three assessment periods, it would have been unfeasible to ask
mothers to complete six recalls each time. The time burden would also have increased the
likelihood that participants would not complete assessment visits. Thus, the use of only one
dietary recall in this study was a compromise between several advantages and disadvantages and
was ultimately the best choice for dietary and SSB assessment in this population.

Another limitation of the study includes the homogenous sample population, which was a
high-income, highly educated, and less diverse sample. While the efficacy of this program can
only be generalized to a similar population, the mobile-based nature of the Smart Moms program

means that it could potentially be studied for its effectiveness in reaching and intervening with
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underserved populations who are typically more difficult to recruit, particularly with the
increasing numbers of smartphone usage in low-income populations (Duggan & Smith, 2013).
Future research should explore whether similar mHealth programs can be used to reach, recruit,
and retain low-income mothers and children who are often those that are at highest risk of
obesity.

The Smart Moms study showed that a mobile-based program can be effective at keeping
mothers engaged despite their busy schedules. Future research could explore how to strengthen
the intervention by incorporating parents and siblings such that changes could be made in the
family as a whole. As intervention research continues to advance, particularly with the advent of
new technologies and the use of multiphase optimization trials, research should explore how to
determine what components work best, how to use frequently assessed momentary data to tailor
intervention content, and how programs can be developed using technology devices that allow
participants to keep using them when the study is over, thus increasing the likelihood of
maintaining behavior and weight changes. This study has the potential to inform a novel,
innovative family-based approach to obesity prevention by targeting primarily two behaviors and
using technology to improve adherence and effectiveness.

In conclusion, the Smart Moms study fills a gap in the literature by demonstrating that an
evidence-based intervention delivered through a mobile platform can successfully change the
dietary behaviors of mothers and their young children. These results suggest that targeting
maternal behaviors for change is an effective manner by which to change child behaviors, thus
improving the health of the family while also potentially preventing the onset of obesity in

children.
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Table 5.1 Evidence to determine sample size

Effect
Difference
Behavior (Pooled
Sample Change Within-
Study Design Size | Duration Intervention Means Group SD)
Sugar-Sweetened Beverage Consumption
Starket | RCT 18 6 months | Family-based; 12 | Intervention: -1.1 (0.84)
al, 2011 | Ages 2-5 weekly 90-min. -0.6 (0.9)
group sessions,
Intervention followed by 12 PC:
VS. weeks of 0.5 (0.8)
pediatrician alternating group
counseling sessions and
(PC) home visits
Beechet | RCT n=39 | 12 weeks | 12 90-min. group | Parent: -0.51
al, 2003 | Ages 8-10 |in sessions with 1.52 (0.77) (0.99)
parent nutrition and PA
Parent vs. and components Control:
parent-child | control 2.38 (2.94)
vs. control | groups
Klohe- Single- 91 8 weeks | 8 weekly 2-hour | Fruit juice: -0.8 (1.0)
Lehmen | group classes for Baseline: 1.0
et al, design parents (0.8)
2007 8 weeks: 0.6
Ages 1-3 (0.6)
Sweetened
drinks:
Baseline: 0.8
(0.9)
8 weeks: 0.4
(0.5)
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Table 5.2 Estimates of needed sample size for change in daily servings of sugar-sweetened

beverages
Power Power Power
Calculation #1 | Calculation #2 | Calculation #3

Power 0.80 0.80 0.80
Alpha (a; two-tailed) .05 .05 .05
Effect size for difference between groups 1.0 0.75 1.0
Within-group SD 1.0 1.0 0.75
Raw sample size per group 17 29 10
Total sample size needed 34 58 12
Total sample size needed with 20%

attrition 42 70 24
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Table 5.3 Smart Moms lessons

Week 1 Kick-Off Session

Week 2 Healthy Home Environment

Week 3 Red Foods Refresher

Week 4 Setting Limits

Week 5 Introducing Physical Activity Changes
Week 6 Understanding Portions and Food Labels
Week 7 Being a Role Model for Healthy Eating
Week 8 Beverages, Sugar, and Your Child’s Health
Week 9 Eating Outside the Home

Week 10 Focus on Screen Time

Week 11 Barriers to Change

Week 12 Communication

Week 14 Problem Solving

Week 16 Maintaining Motivation

Week 18 Stress Management

Week 20 The Slippery Slope of Lifestyle Change
Week 22 Thoughts, Feelings, and Eating

Week 24 Staying in Control: Life after Smart Moms
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Table 5.4 Baseline characteristics

Intervention Control
(n=27) (n=24) p value
Child Characteristics
Age (months) 56.4 (10.5) 51.3(9.2) .07
Gender
Male 40.7% 56.0% 21
Female 59.3% 44.0%
BMI z-score 0.30 (1.02) 0.49 (0.90) 49
SSB Consumption (fl. 0z./day) 15.28 (9.72) 12.45 (7.95) .26
Maternal Characteristics
Age 36.6 (5.7) 36.2 (4.3) .78
Race/Ethnicity
White 81.5% 66.7%
African American 14.8% 29.2% 45
Other 3.7% 4.2%
Income
< $50,000 14.8% 21.7% P
> $50,000 85.2% 78.3%
Marital Status
Married or living with partner 92.3% 87.5% 54
Not married 7.7% 12.5%
Education
rning, some callege. 18.5% 20.8% 8
College degree or more 81.5% 79.2%
Weight (kg) 87.7 (13.9) 86.8 (15.7) .82
BMI 33.1(4.8) 32.0(5.9) A7
Beverages (kcals/day) 252.3 (210.3) 169.5 (174.6) 14
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Table 5.5 Sugar-sweetened beverage, weight, and dietary outcomes within and between groups

Assessment? p value
Time Group x time
3 6
months  months
Baseline 3 Months 6 Months vs.BL vs.BL Group 3mo. 6 mo.
Child SSBs (fl. 0z./day)
Smart Moms 10.6 (7.7, 13.6) 0.9(-3.1,4.8) 1.1 (-2.9,5.0) .0;01 <.0001 <.05 <.01 <.01
Control 11.9 (9.0, 14.8) 9.1(5.0,13.2) 10.0 (5.9, 14.2) .83 1.00
Maternal weight (kg)
Smart Moms 89.4 (83.2, 95.6) 87.1(80.8, 93.4) 87.1(80.7,93.4) <.01 <.01 .76 <.01 <.01
Control 89.0 (82.8, 95.2) 90.0 (83.8, 96.4) 89.9 (83.6, 96.2) 93 1.00
Child BMI-z score
Smart Moms  0.37 (-0.06, 0.80) 0.38 (-0.06, 0.83) 0.40 (-0.05, 0.84) 1.00 1.00 .76 .65 .33
Control 0.48 (0.07, 0.90) 0.44 (0.01, 0.88) 0.43 (-0.01, 0.87) 1.00 1.00
Maternal beverages (fl. oz./day)*
Smart Moms  15.62 (11.12,20.12)  3.61 (-2.97, 10.20) 3.00 (-3.45, 9.46) <.01 <.0001 <.01 <.01 <.01
Control 17.85(13.39,22.31) 19.25(12.28,26.23) 17.22 (10.56,23.88) 1.00 1.00
Maternal calories from beverages
(kcals/day)*
Smart Moms  178.8 (122.6,234.9)  55.9(-30.0,141.8)  49.4(-37.2,136.1) <.05 <.01 <.01 <.01 <.01
Control 185.2 (128.9,241.4) 226.2 (136.0, 316.4) 212.9(121.7,304.1) 1.00 1.00
Maternal total caloric intake
(kcals/day)
Smart Moms 1704 (1509, 1899) 1403 (1105, 1702) 1422 (1121, 1724) 29 53 16 13 22
Control 1726 (1531, 1922) 1766 (1452, 2079) 1752 (1435, 2069) 1.00 1.00
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Maternal PA (min/week)

Smart Moms ~ 122.4 (73.7,171.0)  138.4(73.2,203.5) 150.4(84.8,216.1)  1.00
Control 125.2 (76.8,173.6)  97.1(29.7,164.5)  110.1 (42.0,178.2)  1.00

1.00
1.00

.55

24

32

®Model adjusted means and 95% confidence intervals
“Analysis used square root transformed variable. Values presented from untransformed variable



Table 5.6 Child SSB change at 3 and 6 months by use of positive reinforcement charts

Baseline to 3 Baseline to 6
Months? Months?

Mean/(SD) pvalue Mean/(SD) pvalue

Use of charts

Never or sometimes (n = 9) -8.75 (8.65) -10.08 (5.24)

Often or always (n = 13) -8.37 (8.98) 92 .6.53(10.76)
Received Weekly Prizes

0-9 weeks (n = 13) -9.36 (9.63) 80 -8.12 (8.62) 93

10-12 weeks (n = 9) -7.31 (7.35) -7.79 (9.89)

4Change in average fluid ounces per day as absolute change score from baseline, p values from
independent groups t-tests at alpha level of .05.
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Assessed for eligibility (n = 629)

Ineligible (n = 539)

e Child SSB < 12 fl. 0z./day (n = 428)

e Could not contact (n = 44)

e Child age not 3-5 (n = 21)

e No longer interested (n = 10)
Mom BMI not 25-50 kg/m? (n = 7)
e Pregnant(n=6)

e Mom in another weight loss
program (n =5)
e Other(n=18)

A 4
]

A 4

Invited to orientation (n = 90)

Excluded (n = 39)
e Did not attend orientation (n = 29)
e Did not complete baseline
questionnaires (n = 3)
e Did not receive randomization (n = 7)

A 4

A 4

Randomized (n = 51)

| l

Smart Moms Group (n = 27) Waitlist Group (n = 24)
3-Month Assessment (n = 24) 3-Month Assessment (n = 20)

e Unable to contact (n =2)
e Pregnant(n=1)

Unable to contact (n = 2)
Pregnant (n=1)
e Medical withdrawal (n =1)

! l

6-Month Assessment (n = 23) 6-Month Assessment (n = 19)
e Unable to contact (n=3) Unable to contact (n = 3)
e Pregnant(n=1) Pregnant (n=1)
Medical withdrawal (n = 1)

! !

Analyzed n =27 Analyzed n =24

Figure 5.1 Study recruitment, enrollment, and retention (CONSORT)
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Figure 5.2 Change in child SSB consumption. Values are unadjusted, observed means.

99

Control
=@=|ntervention



H
o

>

§ 12

§ 10

3

= 8

=

T 6

[<b]

g 4

S

4 2
0

100% Fruit Juice SSBs

Beverage Type

Water

m Intervention
Baseline

Intervention 6
Months

& Control
Baseline

# Control 6
Months

Figure 5.3 Child 100% fruit juice, SSBs, and water at baseline and 6 months. Values are

unadjusted, observed means.

100



Baseline 3 Months

6 Months

o

Change in Maternal Weight (kg)
LN o

Figure 5.4 Change in maternal weight. Values are unadjusted, observed means.
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CHAPTER VI: EFFECT OF THE SMART MOMS INTERVENTION ON THEORETICAL
AND BEHAVIORAL INTERVENTION TARGETS AS MEDIATORS OF CHANGE IN
CHILD SUGAR-SWEETENED BEVERAGE INTAKE

Introduction

Sugar-sweetened beverage (SSB) consumption has been shown to be one of the strongest
predictors of child weight (DeBoer et al., 2013; Flores & Lin, 2013; Millar et al., 2014), and has
also been linked to cardiovascular outcomes in childhood, including waist circumference and
HDL cholesterol (Kosova et al., 2013). Because of the effect that excessive SSB consumption
has on weight-related outcomes, the American Academy of Pediatrics (AAP) recommends that
preschool-aged children consume no more than 4-6 ounces per day of 100% fruit juice, and
consume no other sugar-sweetened beverages, including fruit drinks, flavored milk, regular soda,
or sports drinks (Barlow and Expert Committee, 2007). Despite this recommendation, the
average consumption among preschool-aged children is almost 13 ounces per day of SSBs and
100% fruit juice combined (O'Connor et al., 2006). Randomized controlled trials that have
provided school-aged children with non-caloric beverages to replace sugar-sweetened beverages
have found that a reduction in SSB intake is effective at limiting excessive weight gain (de
Ruyter et al., 2012; Ebbeling et al., 2012). Intervening during the preschool-aged years to reduce
sugar-sweetened beverage consumption is part of a wide range of actions that can be taken to
help reduce the proportion of children who become overweight or obese in childhood. However,
existing behavioral interventions have had limited success in reducing SSB intake among young

children, with effective interventions resulting in small effect sizes (Klohe-Lehman et al., 2007;
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Stark et al., 2011) and other interventions resulting in no change (Ostbye et al., 2012; Taveras et
al., 2011).

Social Cognitive Theory (SCT) is one of the most frequently used health behavior
theories in developing weight-related interventions, and it is typically used by incorporating
strategies and behavioral techniques targeting a change in SCT constructs, which in turn will
produce changes in the outcome. While there are theory-based interventions that have been
shown to change the dietary behaviors of young children (Hartman et al., 2011), few studies have
tested whether the intervention effect on the outcome operated through changes in targeted
theoretical constructs or behaviors.

Social Cognitive theory suggests that self-efficacy and outcome expectations are
associated with behavior (Bandura, 2004). With regard to young children, it is the mothers’ self-
efficacy and outcome expectations that are hypothesized to be associated with changes in child’s
dietary behaviors. Observational studies have shown that maternal self-efficacy for limiting
SSBs is associated with child consumption of SSBs (Bolling et al., 2009; Campbell et al., 2010;
Spurrier et al., 2008). There is little research available on maternal outcome expectations for
child SSBs, but qualitative research suggests that parents are hesitant to reduce their child’s
consumption of SSBs, particularly 100% fruit juice, as they believe that the vitamin C content is
important and do not believe that it has a strong relationship with weight (Beck et al., 2013;
Bolling et al., 2009). Limit setting, while not a specific construct in SCT, has been associated
with reduced SSB consumption in a cross-sectional study among young children (Park et al.,
2015). There has been little other evidence documenting the effect of limit setting on child

dietary behaviors, and none that have evaluated its predictive utility in interventions.
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In family-based interventions, the SCT construct of observational learning is a critical
factor for change in child behavior, as the child is socialized primarily in the family environment
and learns behaviors from his or her parents (Hays et al., 2001; Lees & Tinsley, 1998). Parent
role modeling of SSB consumption is a form of observational learning and has been correlated
with child SSB intake (Sonneville et al., 2012; Vereecken et al., 2004) in cross-sectional studies.
While there is no longitudinal research on the effect of observational learning on child SSB
intake, a one-group intervention study showed that a reduction in maternal consumption of SSBs
was associated with a reduction in child consumption of SSBs (Klohe-Lehman et al., 2007).
Notably, it cannot be determined whether it is role modeling or simply changes that the parents
make in the home food environment that mediate the relationship between parent and child
behavior.

SCT posits that environmental factors can directly influence behavior and may interact
with personal, behavioral, and other environmental factors to influence behavior (McAlister et
al., 2008). Over 80% of SSBs consumed by young children are consumed in the home
environment (Wang et al., 2008), and the presence of SSBs and juice in the home are associated
with child SSB consumption (Spurrier et al., 2008). Dietary behaviors of children are also
affected by social aspects of the environment, including family mealtime routines, the parents’
concern for the child’s dietary behaviors, and the use of food as reward (Berge, 2009; Spence,
Campbell, Crawford, McNaughton, & Hesketh, 2014). However, there has been no research
specifically exploring these factors as predictors of child beverage intake.

Overall, while many interventions have been developed to target evidence-based
determinants of child dietary behaviors, few of these studies have evaluated the mechanisms of

change in the study, and whether or not the intervention successfully produced changes in the

104



targeted mediators. To address gaps in the existing child intervention research, Social Cognitive
Theory was used to guide the planning of a 6-month maternal-targeted intervention called Smart
Moms to reduce SSB consumption in children ages 3-5. After the 6-month intervention, children
in the Smart Moms group had a significant reduction in SSB intake compared to the control
group at 6 months (observed mean changes -9.2 + 10.5 fl. oz./day vs. -0.88 + 8.8 fl. oz./day).

The primary objective of the current study was to test the effects of the Smart Moms
intervention on the intervention targets that were hypothesized to lead to change in child SSB
consumption, including maternal SSB consumption, self-efficacy, outcome expectations, the
physical and social home food environment, and limit setting. It was hypothesized that mothers
randomized to the intervention group would have a greater decrease in SSB consumption at 3
months compared to mothers randomized to the waitlist control group, mothers in the
intervention group would have greater improvements in the physical and social home
environment at 3 months compared to mothers in the control group, and mothers in the
intervention group would have a greater increase in self-efficacy, outcome expectations, and
limit setting at 3 months compared to mothers in the waitlist control group. An additional
objective of the study was to determine if the intervention targets that were significantly changed
by the intervention operated as mediators between the intervention and change in SSB
consumption at 6 months.
Methods
Participants

Eligible participants were mothers who were overweight or obese (BMI of 25-50 kg/m?)
who had a child between the ages of 3-5 who consumed at least 12 ounces a day of sugar-

sweetened beverages (including 100% fruit juice, fruit drinks, sport drinks, caloric sodas,
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sweetened teas, and flavored milks). Additional exclusion criteria included: not having a
smartphone with a data plan, participation in another weight loss program, pregnancy within the
last 6 months, planning to become pregnant in the next 6 months, planning on moving from the
study area within the 6-month study period, excessive alcohol intake as determined by more than
14 servings a week or a diagnosis of substance abuse, maternal diagnosis of schizophrenia or
bipolar disorder, hospitalization for a psychiatric diagnosis in the past year, unable to participate
in alternatives to sedentary behavior including standing and walking, or a child medical
diagnosis that would prohibit small changes in dietary behaviors.

Participants were recruited from the surrounding counties using traditional methods such
as flyers and contact with childcare centers and pediatricians’ offices, in addition to advertising
on local parents’ websites and Facebook. A total of 629 women completed the online screening
survey, but of those, only 90 were fully eligible to participate. Ultimately, 51 participants
completed their baseline assessment visit and were randomly assigned to either the Smart Moms
intervention group or the waitlist control group.

Intervention Description

The primary objective of the Smart Moms study was to reduce child SSB consumption to
no more than 4 fluid ounces per day, with secondary objectives of reducing maternal caloric
beverage consumption and “red” (high-fat, high-calorie) foods in order to help mothers lose
weight. The conceptual model for the intervention that includes depictions of how the
intervention was hypothesized to affect the intervention targets, and in turn child SSB intake, can
be found in Figure 3.1.a. The Smart Moms intervention strategies were designed to increase
maternal self-efficacy for reducing the child’s SSB intake, improve mothers’ outcome

expectations about SSB intake, increase the limits set on SSBs in the home, change aspects of the
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physical and social home environments to promote reduced SSB intake, and reduce maternal
beverage consumption to serve as a positive role model and promote observational learning.

Mothers in the intervention group attended one kick-off group session and had access to
the Smart Moms website which had lessons updated weekly for the first 12 weeks and biweekly
for the final 12 weeks. The lessons provided mothers with the knowledge and skills to make
changes to their own and their child’s beverage consumption, with the goal of changing their
outcome expectations, increasing their self-efficacy for making changes, changing aspects of the
home environment, and increasing positive mother-child observational learning. Additionally,
mothers self-monitored their child’s SSB consumption, their own beverage consumption, their
red foods, and their weight daily. This form of self-regulation was intended to have a positive
effect on their own beverage consumption, changes in the home environment, and limit setting
for child beverages. They submitted their self-monitoring information via text message and
received tailored feedback on their progress via email weekly for the first half of the program
and biweekly for the second half, which was intended to increase their self-efficacy for changing
child SSBs. Assessments were completed in-person and online at baseline, 3 months, and 6
months.
Measures

Sugar-Sweetened Beverage Intake. Maternal and child beverage intake was measured
using 24-hour dietary recalls. At each assessment visit, the mother completed one mother-
reported child recall and one self-reported recall of all food and beverage intake the day prior.
Trained staff members that were blind to treatment group assignment completed the dietary
recalls in order to avoid bias. The mother-reported child recall included only food that the

parents provided the child and excluded food provided by daycare, school, or another care
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provider. Dietary data was entered into the Nutrition Data System for Research (NDSR), which
was used to generate reports of the child’s average sugar-sweetened beverage intake in fluid
ounces per day (child SSBs) and the average fluid ounces of caloric beverages that mothers
consumed each day (maternal beverages), which included all sugar-sweetened beverages, milk,
alcohol, and coffee with added cream or sugar (black coffee was excluded).

Social Cognitive Theory Constructs. There are no existing validated questionnaires that
measure theoretical constructs specific to parents reducing the SSB consumption of young
children. Therefore, this study used a series of questions drawn from several previous research
studies and developed specifically for use in this study.

To assess self-efficacy for reducing their child’s SSB consumption, mothers completed
four items that were adapted from two previous studies that assessed self-efficacy for limiting
child SSBs and screen time (Lampard, Jurkowski, & Davison, 2013; Taveras, Mitchell, &
Gortmaker, 2009). For example, mothers were asked “How confident are you that you can keep
your home free of all soda and sweetened drinks?”” with responses ranging from 1 = not confident
to 4 = extremely confident. The self-efficacy score for reducing child’s SSB was calculated by
summing the four items. The self-efficacy items exhibited acceptable internal consistency at
baseline (Cronbach’s alpha a = .76)

An additional item adapted from a previous study (Lampard et al., 2013) was added to
assess outcome expectations for limiting 100% fruit juice, “If my child drinks more than 6
ounces per day of 100% fruit juice it will increase his/her risk of becoming overweight,” which
was rated on a Likert scale from 1 = very strongly disagree to 7 = very strongly agree.

Limit Setting. Mothers’ practice of limit setting with SSB and juice consumption was

assessed with two items used and adapted from a previous study (Hesketh, Ball, Crawford,

108



Campbell, & Salmon, 2007), which included “In the last month, I limited how many servings of
100% fruit juice my child consumed,” and “In the last month, I limited how many servings of
other sweetened beverages (fruit drinks, sport drinks, or sodas) my child consumed” with
responses made on a Likert scale ranging from 1 = very strongly disagree to 7 = very strongly
agree. Because these two items are not part of a validated scale and because intake of 100% fruit
juice was within the recommendation given to intervention group participants, the items were
evaluated separately in all analyses.

Physical Home Food Environment. The physical food environment was assessed using
a food availability measure developed for a previous study among adolescents (Cullen et al.,
2004). Participants reported whether or not each of 71 food items was present in the home in the
last week (1 = yes, 0 = no). The fruit and vegetable subscale assessed the availability of 17 fruits
and 18 vegetables in the home. The fruit juice subscale assessed the availability of four types of
100% fruit juice in the home. Two additional scales measured the availability of 17 low-fat and
15 high-fat foods in the home. The subscales of interest in this study included those on fruit juice
and fruit and vegetable availability.

Social Home Food Environment. The social food environment was assessed with the
Meals in Our Household questionnaire (Anderson, Must, Curtin, & Bandini, 2012). The
questionnaire consisted of 50 items across six subscales: structure of family meals, problematic
child mealtime behaviors, use of food as a reward, parental concern about child’s diet, spousal
stress related to child’s mealtime behaviors, and influence of child’s food preferences on what
other family members eat. The subscales of interest in the current study include structure of

family meals, use of food as a reward, and parental concern about child’s diet.
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The Family Meals subscale measures traditional aspects of family mealtimes, such as the
presence of a TV and family members eating at the same time. An example question includes
“We eat meals in the kitchen or dining room,” and responses range from 1 = never to 5 = always
or almost always. The 10 items are summed to a total score with a maximum of 50. A higher
score indicates a more positive family mealtime structure. The subscale had acceptable internal
consistency in this sample (o = .74).

The Food as Reward subscale consists of six items that measure how often foods are
given as a reward for child behavior or achievement, such as “I give my child food to reward
him/her for good behavior.” Responses range from 1 = never to 5 = very often, for a maximum
subscale score of 30. The subscale had acceptable internal consistency in this sample (o = .78).

The Parental Concern subscale measures the concerns that parents have about what their
child eats or does not eat. It contains 17 items, such as “Child eats too much sugar,” and is scored
on a Likert scale of 1 = not at all concerned to 6 = extremely concerned. The subscale has a
maximum of 102, with higher scores indicating greater parental concern for what the child is
eating. The subscale exhibited good internal consistency in this sample (o = .87).

Statistical Analyses

All analyses were conducted using SAS 9.3 (SAS Institute, Cary, NC). Before conducting
the primary analyses, diagnostic tests were completed to ensure the normality and
homoscedasticity of residuals for all outcome variables. The variable for maternal beverages
required a square root transformation and the variables for limit setting for 100% fruit juice, limit
setting for SSBs, and outcome expectations were squared in order to meet the assumption of

normality of residuals.
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Observed means and standard deviations for all intervention targets at baseline and 3
months were calculated for each treatment group. To determine if the intervention had a
significant effect on the intervention targets, intent-to-treat principles using linear mixed models
were used to compare changes in the intervention targets from baseline to 3 months between
treatment groups. Adjusted mean change scores for each intervention target were calculated from
the linear mixed models for descriptive purposes. Separate models were conducted for each
intervention target, and included a random intercept, main effects for treatment group and time,
and a group by time interaction.

Intervention targets that changed significantly between groups from baseline to 3 months
were tested in a multiple mediation model using observed data to evaluate their significance as
mediators between the intervention and 6-month child SSB change. The models were
constructed in order to meet the temporal precedence assumption of mediation, such that the
change in intervention targets at 3 months occurred prior to the measure of change in child SSBs
at 6 months. The PROCESS macro for SAS (Hayes, 2013) was used to evaluate direct
relationships between the intervention (IV) and child SSB change (DV), relationships between
the intervention and change in intervention targets (mediators: maternal beverages, SCT
constructs, home environment variables) and to evaluate change in the intervention targets as
mediators between the intervention and child SSB change. One advantage of the PROCESS
macro over traditional methods of mediation, such as the Sobel test, is that it tests the
significance of multiple indirect effects without reducing power. PROCESS uses an ordinary
least squares regression-based path analytic framework and bias-corrected bootstrapped
confidence intervals to evaluate the significance of indirect effects, which are significant when

the confidence interval does not include zero. Results include the total effect, or the effect of the
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IV on the DV, the effect of the 1V on the mediator (a path), the effect of the mediator on the DV,
controlling for the 1V (b path), and the indirect effect of the IV on the DV through the mediator
(a*b). The direct effect (¢”) is the effect of the IV on the DV after removing the variance
associated with the effect of the mediators. In the multiple mediation model, treatment group was
entered as the 1V, residualized change scores for change in intervention targets from baseline to 3
months were entered as mediators, and a residualized change score for change in child SSB
consumption from baseline to 6 months was entered as the DV. Figure 6.1 depicts the pathways
in the multiple mediation model.
Results
Participants

A total of 51 mother-child dyads were randomly assigned to the Smart Moms
intervention or the waitlist control group. Baseline demographic characteristics of the study
sample are depicted in Table 5.4. There were no significant differences in demographic
characteristics or child SSB consumption at baseline by treatment group. Participants were 75%
white, 82% had an income above $50,000, and 80% had a college degree. Children were, on
average, 4.1 (x 0.8) years old and were consuming 13.95 (+ 8.96) ounces of SSBs per day at
baseline. Mothers were on average 36.4 (+ 5.1) years old, had an average BMI of 32.6 (+ 5.3),
and were consuming 213 (x 197) calories a day from beverages at baseline. There were no
differences in dropout between groups at 3 months (11.1% in intervention vs. 16.7% in control, p
=.69) or 6 months (14.3% in intervention vs. 20.8% in control; p = .25).
Effect of Intervention on Intervention Targets

Observed values of maternal beverage intake, SCT constructs, and home environment

constructs are depicted in Table 6.1, along with adjusted mean change scores. Compared to the
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control group, mothers in the Smart Moms group had a significant reduction in caloric beverage
intake from baseline to 3 months, had a significant increase in limit setting for 100% fruit juice,
and had a significant decrease in parental concern for child diet. All changes were in the
expected direction as a result of the intervention. The change in fruit and vegetable availability in
the household reached, but did not fall below, the significance level of .05, such that availability
increased in the intervention group but did not change in the control group. Other variables that
changed within the Smart Moms group but did not have a significant group by time interaction
included an increase in limit setting for SSBs, an increase in family meals, and a decrease in food
as a reward. The use of food as a reward also decreased significantly within the control group.
The means for self-efficacy for limiting child SSBs increased slightly in the intervention group,
with a p value below 0.10, but it did not reach significance and was not different than the
changes found in the control group.
Multiple Mediation Model

The constructs that had a significant change from baseline to 3 months in the Smart
Moms group compared to the control group were entered into the multiple mediation model. The
model included intervention group as the 1V, child SSB change from baseline to 6 months as the
DV, and included adjusted change in maternal beverages, limit setting for 100% fruit juice, and
parental concern for child diet at 3 months as mediators. Results can be found in Figure 6.1 and
Table 6.2. As previously reported, there was a significant total effect between the intervention
and change in child SSBs, such that the intervention group had a significantly greater reduction
in SSBs than the control group. The indirect effects for maternal beverages and parental concern

were significant, indicating that they were mediators of the effect of the intervention on change
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in child SSBs after controlling for the other mediators. Limit setting for 100% fruit juice did not
mediate the relationship between the intervention and change in child SSBs.
Discussion

The objective of this study was to evaluate the effectiveness of the Smart Moms
intervention at changing the intervention targets that were intended to produce changes in child
SSB consumption. The intervention successfully led to reductions in maternal beverage
consumption, an increase in setting limits on 100% fruit juice, and a reduction in parental
concern for the child’s diet, but there were no significant changes in other potential mediators
compared to the control group. The changes in maternal beverages and concern for the child’s
diet mediated the effect of the intervention on child SSB change.

As hypothesized, the Smart Moms intervention had a significant effect on change in
mothers’ consumption of caloric beverages from baseline to 3 months by almost 12 ounces per
day. This was a large decrease, but notably, included coffee with any amount of caloric additions
(cream/milk or sugar). Thus, some coffee drinks may have had a low number of calories, but
were included in the measure of total fluid ounces. The maternal reduction in beverages
amounted to a decrease of 123 calories per day from beverages, which was in contrast to a gain
of 45 calories from beverages in the control group. The finding that the decrease in caloric
beverages at 3 months was predictive of a decrease in child SSBs at 6 months is likely reflective
of the fact that mothers made changes in the home environment to reduce the availability of
caloric beverages. In addition, a focus on observational learning was a large part of the Smart
Moms program, and its relevancy to mothers may have been strengthened by the fact that they
were also encouraged to reduce their beverage intake for their own benefit in order to lose

weight. Thus, it is possible that the reduction in child beverages was partially aided by observing
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mothers change their own beverage habits, but this cannot be tested in this study. The current
findings differ from those of two parent-targeted interventions with children below the age of 5.
In the first, the intervention successfully reduced maternal consumption of sugary beverages, but
there was no SSB decrease among children (Ostbye et al., 2012). In the second, the intervention
did not lead to changes in maternal diet (Spence et al., 2014), and in turn, maternal diet did not
mediate the intervention effect on the child diet outcome. Both of these studies had a broad focus
on several dietary behaviors, which may have diluted the intervention effect on any one specific
behavior, whereas the Smart Moms intervention focused on helping moms to implement a single
dietary behavior change for children. In addition, both the Ostbye (2012) and Spence (2014)
studies used a food frequency questionnaire (FFQ) to measure diet, which is more susceptible to
recall bias than the 24-hour recalls used in the current study.

The intervention was expected to change the SCT constructs from baseline to 3 months,
but these hypotheses were not supported. The means for self-efficacy for limiting child SSBs
appeared to increase in the intervention group, but it did not reach significance. Of the few
intervention studies that have evaluated parental mediators of change in young children’s
behavior, self-efficacy has not been shown to be a significant mediator of treatment effects on
dietary behaviors (Fletcher et al., 2013; Spence et al., 2014). Thus, while parent self-efficacy is
known to have cross-sectional associations with child SSB intake (Bolling et al., 2009; Campbell
et al., 2010; Spurrier et al., 2008), research has not yet established that interventions can
successfully increase parental self-efficacy in order to have positive effects on child dietary
behavior. Similarly, there was no change in outcome expectations in the current study. A study
among fathers of young children found that their beliefs about the child’s diet mediated the effect

of the intervention on changes in their consumption of healthy foods (Lloyd, Lubans, Plotnikoff,
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& Morgan, 2015). The finding that outcome expectations for children’s 100% fruit juice did not
change in the intervention group, despite content targeted toward a greater understanding of the
risks associated with excessive fruit juice consumption, indicates that maybe some skepticism
remained regarding the health outcomes of 100% fruit juice and the need to monitor their child’s
intake (Beck et al., 2013; Bolling et al., 2009).

The intervention led to significant increases in limit setting for 100% fruit juice and limit
setting for other SSBs within the intervention group, but the group by time interaction was
significant only for limit setting for 100% fruit juice. Nonetheless, the results indicate that
mothers in the intervention group increased the limits that they placed on their child’s
consumption of juice and SSBs. In the multiple mediation model, however, limit setting for
100% fruit juice did not mediate the effect of the intervention on child SSB change, and the
pathway between limit setting and change in child SSBs was not significant. Due to the focus on
replacing SSBs and juice with water, it is possible that mothers did not feel as though they were
limiting sugary beverages as opposed to increasing water, but this is a hypothesis that cannot be
tested in this study. Nonetheless, there is cross-sectional evidence showing that limit setting for
juice and SSBs is associated with child beverage intake (Park et al., 2015; Spurrier et al., 2008),
but there is not yet any evidence that indicates that increases in maternal limit setting for
preschool-aged children within an intervention context are associated with improvements in
child diet.

Aspects of the physical home food environment were also hypothesized to be impacted
by the intervention, and despite the intervention’s focus on limiting 100% fruit juice intake to
one serving per day, there was no change in the number of 100% fruit juices offered in the home.

Notably, a limitation of the measure is that it assessed only the presence or lack thereof of four
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different types of 100% fruit juices, instead of assessing the total amount present in the home
(e.g. purchasing two gallons of apple juice per week vs. one), and there was no measure of other
types of SSBs in the home. This was a trade-off that was considered when choosing to use a
previously existing, validated measure in this study, versus creating a new, untested measure that
assessed the presence of all SSBs in the home. It is unknown if a significant effect would have
been found for the availability of 100% fruit juice if the measure were different, but one previous
intervention study with preschool children found that limiting the availability of foods high in
fat, salt, and sugar was associated with a reduction in child intake of those foods (Fletcher et al.,
2013). Interestingly, there was a between-group difference in change in fruit and vegetable
availability, which increased slightly in the intervention group but did not reach a within-group
level of significance. It was for this reason that it was not included in the multiple mediation
model, but simple mediation analyses (not reported here) indicated that fruit and vegetable
availability did not mediate the effect of the intervention on change in child SSBs.

Lastly, the only construct in the social home food environment that was changed as a
result of the intervention was parental concern for child’s diet. Mothers in the intervention group
decreased their concern for their child’s eating behaviors. It is not possible to determine if this
decrease was because the dietary behaviors of the children improved, or because mothers
changed their level of concern. Though the study used dietary recalls, there is no valid measure
of total caloric intake among children, as food provided by childcare centers or school was not
reported in the dietary recall. Cross-sectional research has shown that greater parental concern
for eating habits is associated with higher weight (Johannsen, Johannsen, & Specker, 2006), and
previous intervention studies have shown that decreases in parental concern are associated with

improvements in child weight status (Burrows, Warren, & Collins, 2010; Daniels et al., 2012).
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While the structure of family meals score improved significantly at 3 months in the Smart Moms
group, the group by time interaction was not significant. Positive family mealtime behaviors are
associated with better dietary behaviors and lower weight among adolescents (Larson, Neumark-
Sztainer, Hannan, & Story, 2007), but have not been studied in younger children. This construct
has also not yet been tested in other intervention studies with young children, and so its role in an
intervention context is still unknown. Interestingly, the use of food as a reward decreased in both
the intervention group and the control group. The reason for this is unknown, as the control
group received no intervention content. In a prior study of mothers with toddlers, the use of food
as a reward was a mediator between the intervention and an improvement in child diet (Spence et
al., 2014). While it is possible that the use of food as reward would also be associated with
overall child diet in the current study, the dietary measure reported here is limited to SSB intake,
as described above. It is possible that questions specific to using sugary beverages or sweets as a
reward would have exhibited changes over time, but cannot be evaluate in the current study.
Overall, this study found that the Smart Moms intervention led to significant reductions
in maternal caloric beverage consumption, increases in limit setting for 100% fruit juice, and
decreases in parental concern for child diet at 3 months, although only maternal beverage
consumption and parental concern for child diet mediated the effect of the intervention on the
reduction in child SSBs at 6 months. The primary strength of this study is that it is the first to
identify mediators of the effect of a mobile-based parent-targeted intervention on dietary
behaviors in preschool-aged children, and thus fills a significant gap in the literature by
informing critical targets of mHealth interventions for parents that produce dietary changes in

both the parent and the child.
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An additional strength of this study is that it tested potential mediators simultaneously in
a multiple mediation model, as opposed to separate simple mediation models that are often
presented in mediation studies. Interventions target many variables for change, and expected
changes in these mediators (e.g. theoretical constructs, psychosocial variables) do not have an
additive effect, but work together and share variance in the outcome. Thus, it is important to
evaluate the effect of potential mediators after controlling for the effect of other mediators in the
model.

A significant limitation of this study is the lack of existing, validated scales to measure
SCT-related constructs for reducing child SSB consumption. The items used in this study to
measure self-efficacy, outcome expectations, and limit setting were adapted from previous
studies and have no psychometric data available. This means that the results must be interpreted
cautiously, and future research should create and evaluate measures that assess theoretical
constructs that relate to changing specific behaviors.

In conclusion, this study contributes to the early childhood intervention literature by
elucidating the mechanisms by which a mobile-based program targeting mothers improved child
SSB consumption. Interventions for young children are still relatively rare compared to those
that target children of other ages, so it remains critical to examine which theoretical and
behavioral constructs to target with parents so that the most effective strategies can be used to
develop future programs. While this study focused on a single dietary behavior, similar
intervention strategies could potentially be used to target mediators of other dietary behaviors in
young children, although they should be explored further. Though this study is a useful first step
in determining how interventions can change child dietary behaviors, future studies should focus

on using psychometrically reliable and valid measures for potential mediators so that more
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concrete conclusions can be drawn. In addition, because the strategies used in interventions
cannot be isolated, it may be more beneficial to use structural equation modeling to evaluate the

full conceptual model of interventions, rather than evaluating single mediating pathways.
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Table 6.1 Change in intervention targets from baseline to 3 months within and between groups

Group
Baseline 3 Months Mean Change Time  xtime
Mean (SD) Mean (SD) Mean (95% CI) p value p value

Maternal beverages (fl. 0z.)?
Smart Moms 23.19 (15.88) 11.30(10.87) -11.89(-18.76,-5.02) <.001 <.01

Control 18.82 (14.55) 21.66 (8.36) 2.08 (-5.47, 9.63) 22

Fruit Juice Availability
Smart Moms 1.52 (1.22) 1.21 (0.72) -0.27 (-0.67, 0.13) .18 15
Control 1.54 (0.98) 1.25 (1.07) -0.18 (-0.61. 0.26) 41

Fruit and Vegetable Availability
Smart Moms 12.96 (4.72)  14.08 (4.64) 1.02 (-0.68, 2.72) 23 .05
Control 14.17 (5.58)  11.95 (4.37) -1.46 (-3.31, 0.39) 12

Limit Setting - 100% FJ°
Smart Moms 4.74 (1.85) 6.38 (0.97) 1.62 (0.87, 2.38) <.0001 <.01
Control 4.33 (1.81) 4.60 (1.60) 0.27 (-0.55, 1.08) .60

Limit Setting — SSBs”
Smart Moms 5.78 (1.42) 6.46 (0.88) 0.66 (-0.08, 1.40) <.05 21
Control 5.29 (1.94) 5.40 (1.67) 0.14 (-0.66, 0.94) .89

Self-Efficacy
Smart Moms 11.63(2.39)  12.63 (3.08) 0.98 (-0.10, 2.05) .07 .39
Control 10.82 (2.53)  10.95 (2.54) 0.29 (-0.88, 1.46) .62

Outcome Expectations®
Smart Moms 5.26 (0.98) 5.25 (1.75) -0.17 (-1.09, 0.75) 57 .28
Control 4.63 (1.56) 5.40 (1.10) 0.19 (-0.80, 1.18) .05

Family Meals
Smart Moms 37.54 (5.01) 38.94 (4.52) 1.21 (0.22, 2.20) <.05 .18
Control 36.30 (5.40)  36.45 (5.09) 0.22 (-0.85, 1.28) .68

Food as Reward
Smart Moms 14.37 (3.96) 1258 (3.62)  -1.57 (-2.59, -0.55) <.01 .56
Control 1492 (3.63) 13.75(4.33)  -1.13(-2.25,-0.02) <.05

Parental Concern
Smart Moms 39.19 (14.83) 31.88(13.56) -5.75(-8.50,-3.00) <.0001 <.05
Control 37.79 (12.55) 37.65 (15.34) -1.33 (-4.34, 1.68) .38

Note. Observed means and SD at baseline and 3 months. Mean changes and significance tests for
within and between groups across time are estimated from linear mixed models.

4Means are raw data, mean changes are from linear mixed models of raw data, p values from
linear mixed models using square root transformed variable.

b Means are raw data, mean changes are from linear mixed models of raw data, p values from
linear mixed models using squared transformed variable.
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Table 6.2 Multiple mediation indirect effects on child SSB change at 6 months

95% confidence

Coefficient (s.e.) interval
Total effect (c path) 7.06 (2.23) 2.52,11.59
Direct effect (¢’ path) 8.87 (3.25) 2.27,15.47
Indirect effects
Maternal beverages (fl. oz./day) -2.36 (1.27) -5.78, -0.54
Parental concern about child’s diet 1.33(0.92) 0.01, 3.95
Limit Setting- 100% FJ -0.78 (2.89) -7.59, 3.19

Note. Effects are significant when the 95% bias-corrected confidence interval excludes zero.
Mediators are residualized change scores created by regressing 3-month value on baseline value.
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Figure 6.1 Multiple mediation model and results.
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CHAPTER VII: SYNTHESIS OF FINDINGS AND RECOMMENDATIONS

Summary of Findings

Given the increasing proportion of preschool-aged children who are overweight or obese,
and given that overweight and obese parents could benefit from programs targeted to the
demands of having a family, there is a significant need for sustainable interventions that are
effective and maximize adherence among parents. The purpose of these studies was to identify
parents’ barriers to participation in interventions and conduct a randomized controlled trial
targeting mothers as the agent of change for young children’s dietary behaviors. The primary
findings of this project were that (1) the number of children that parents have in the home
impacted the short-term weight loss success of participants in a behavioral weight loss
intervention, which was due to greater perceived exercise barriers and lower initiation of MVPA,
but did not impact the longer-term maintenance of physical activity and weight, (2) a mobile-
based intervention effectively led to reductions in child SSB intake and maternal weight
compared to a control group, and (3) maternal reduction in caloric beverages and parental
concern for the child’s diet mediated the effect of the intervention on reduced child SSB intake.
Overall, the results of this dissertation suggest that there are significant time barriers that may
inhibit the engagement and weight loss success of parents in behavioral interventions, and also
indicate that a parent-child intervention with lower time demands and delivered primarily using
smartphones may be a promising way to maximize the adherence of parents to dietary changes

while leading to changes in both child and parent dietary behaviors.
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To this date, behavioral interventions for parents and young children have not reached the
same level of efficacy as traditional interventions delivered to a general population of adults.
Observational research has shown that compared to adults without children, those with young
children in the home engage in less physical activity, have poorer nutritional intakes, and have
higher rates of weight gain, though the relationship is stronger among mothers compared to
fathers (Bellows-Riecken & Rhodes, 2008; Berge et al., 2011; Laroche et al., 2013; Nomaguchi,
2004; Sternfeld et al., 1999). This suggests that bringing children into the home is a significant
life transition that increases the risk of obesity and signifies the early years of parenthood as a
critical time to intervene for weight control. However, further research is needed to evaluate the
success of parents within traditional weight loss interventions that require frequent face-to-face
meetings and detailed monitoring of calories and physical activity.

Study One sought to determine if the number of children that participants in a behavioral
weight loss intervention had in the home was associated with barriers to exercise, engagement in
recommend levels of physical activity, and weight loss compared to participants without
children. A serial mediation analysis was conducted using data from an 18-month randomized
controlled trial that compared two active forms of behavioral weight loss treatment, both with a
focus on making reductions in caloric intake, large increases in moderate-to-vigorous physical
activity, detailed self-monitoring, and attendance at regular in-person groups. At study entry,
participants with one child in the home reported having greater barriers to exercise than
participants with no children (39.9 vs. 35.8), but there was no significant difference between
participants with two or more children and no children (two children: 37.1 vs. 35.8). However,
participants with two or more children had the lowest weight loss at 6 months (8.9% vs. 9.3%

with one child and 10.8% with no children). The bivariate models suggested that there were no
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significant differences in change in MVPA from baseline to 6 months by number of children in
the home. However, the mediation analyses revealed that exercise barriers and change in MVPA
from baseline to 6 months were serial mediators of the effect of number of the children in the
home on weight change at 6 months. This means that the number of children in the home was
positively associated with exercise barriers at baseline, which was in turn associated with a lower
increase in initiation of MVPA in the first 6 months of the intervention, which, in turn, was
predictive of lower weight loss.

Interestingly, adults with one child in the home had greater percent weight regain from 6
to 18 months than other adults (63.0% vs. 39.2% for two or more children, 5.03% for no
children). However, the number of children in the home was not predictive of a greater decrease
in exercise barriers from baseline to 6 months or a greater decrease in MVPA From 6 to 18
months as expected, and thus change in exercise barriers maintenance of MVPA did not mediate
the relationship between number of children the home and percent weight gain from 6 to 18
months.

To our knowledge, this is the first study to evaluate the barriers, behavior change, and
weight loss success of adults with children in the home in a traditional behavioral weight loss
intervention. Overall, the results of Study One supported the hypothesis that adults with children
in the home would not be as successful at initiation of behavior and weight change in a weight
loss intervention, and point to the need for specific interventions or intervention techniques
targeted to adults who are taking care of children in the home. In fact, there have been a number
of interventions that have specifically targeted adults with children, with a sole focus on
changing parent behavior (vs. child behavior), but most of them have been among women with

infants or young children (Cramp & Brawley, 2006; Fahrenwald, Atwood, Walker, Johnson, &
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Berg, 2004; Fjeldsoe et al., 2015; Havas et al., 2003; Jordan et al., 2008; Lombard et al., 2009;
Ostbye et al., 2009). Several of these interventions have resulted in significant changes in
physical activity or weight, but effect sizes have been small, ranging from 0.5-2.7 kg lost (Cramp
& Brawley, 2006; Fahrenwald et al., 2004; Jordan et al., 2008; Lombard et al., 2009). In Study
One of the current project, while parents may not have lost the same amount of weight at 6
months as adults without children, it is important to note that they still lost over 8% of their body
weight, which is well above the weight losses in the studies described above. These results
indicate that for parents who are likely highly motivated to change due to their willingness to
join a behavioral weight loss intervention, the benefit of a traditional intervention with group
meetings and detailed self-monitoring may be worth the time demands required. Or alternatively,
even if adherence is not as high among parents compared to nonparents, their level of
participation is enough to reach clinically significant levels of weight loss. Nonetheless, this does
not preclude the need to determine more effective ways to intervene with parents, as their
weight, physical activity, and dietary behaviors have an influence not only on their own health,
but also on the health of children in the home. Moreover, it suggests that lower intensity
programs will need to address the barriers to behavior change experienced by adults with
children in the home in order to maximize adherence and success.

Therefore, an alternative to having parents participate in a standard behavioral weight
loss intervention for adults would be to develop interventions that take into account the specific
needs of adults with young children and target the dietary behaviors or physical activity of both
the parent and the child simultaneously. Given that the existing weight-related interventions for
young children have had mixed results (Hesketh & Campbell, 2010), and knowing that the active

involvement of the parent in interventions increases the likelihood of child behavior change
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(Golan, 2006; Hesketh & Campbell, 2010), the logical next step is to test interventions that are
targeted toward behavior change in both the parent and child. However, because dropout in
previous family-based studies has been high, especially in those that have required regular in-
person treatment contacts (Brown et al., 2001b; Hartman et al., 2011; Skelton & Beech, 2011), it
is critical to design interventions that are more easily accessible to parents so that they can follow
treatment recommendations and maximize the effect of the treatment. This suggests that an
intervention using mobile technology could be a feasible way to deliver content to parents of
young children, giving them the flexibility to read and interact with intervention content at times
that fit into their schedule.

Study Two tested the efficacy of the 6-month Smart Moms mobile-based intervention
that targeted a reduction in child sugar-sweetened beverages (SSB) and maternal weight.
Mothers can be a difficult population to recruit into intervention studies that focus on child
weight or behavior change. Knowing this, the Smart Moms study maximized the interest of
mothers by emphasizing the program’s focus on helping mothers lose weight while also making
healthy dietary changes in the home that would benefit both themselves and their child. A total
of 629 women were interested in the study, but after removing ineligible participants (68% of
ineligible participants were ineligible due to child SBB intake below 12 fl. 0z./day), and those
who did not complete baseline questionnaires, 51 mother-child dyads were randomized to either
the intervention or waitlist control group. With the exception of one in-person kick-off session,
the intervention was delivered primarily through the use of a mobile-optimized website and text
messages. Intervention strategies were based on Social Cognitive Theory, such that the
interaction between individual behaviors, personal characteristics, and aspects of the home

environment formed the context within which mothers made changes in their child’s SSB
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consumption. Though the primary outcome was a change in child SSBs, mothers were also
recommended to reduce their own consumption of SSBs, in addition to “red” (high-fat, high-
calorie) foods, in order to help them lose a little bit of weight.

The Smart Moms intervention produced a significant decrease in child SSB consumption
at 3 months, which was maintained at 6 months even after a period of reduced contact with
mothers. The SSB difference scores observed in this study exceeded those found in previous
studies, with a 7.6-ounce-greater reduction in SSBs per day in the intervention group compared
to the control group, in contrast to reductions ranging from 0 to 1.5 servings (0-6 ounces) per day
in parent-targeted studies for child dietary behaviors (Beech et al., 2003; Ostbye et al., 2012;
Stark et al., 2011; Taveras et al., 2011). Additionally, two intervention studies with a one-group
pre-post design found a reduction in SSB intake of approximately 4 ounces per day (Keita et al.,
2014; Klohe-Lehman et al., 2007), but the results cannot be directly compared to the current
study because of the design limitations. A substantial difference between the Smart Moms study
and the previous studies is that the primary objective of the study was to reduce sugar-sweetened
beverage consumption in children, rather than a primary outcome of child weight or a broad
focus on several dietary behaviors. Mothers in the Smart Moms study reported that they
appreciated the simplicity of the study in its focus on specific dietary behaviors, and perhaps the
focus on a single behavior increased the ease with which mothers were able to make changes
with their child. Young children are not able to understand the reasons for making changes to
their diet and are likely to be resistant to parents reducing things they enjoy consuming, such as
sugary beverages, sweets, or unhealthy snacks. Thus, a focus on one behavior at a time may be a

promising approach to making healthy changes in a child’s diet.
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The changes in SSBs observed in Smart Moms may have an important impact on the
health of children in the study. By reducing SSBs and 100% fruit juices, children in the
intervention group reduced their calories from beverages by 145 calories a day, which is 10-15%
of the daily recommended calories for preschool-aged children. Moreover, added sugar from
beverages was reduced from 43.5 grams per day at baseline to 16.2 grams per day at 6 months. If
maintained, this reduction in calories and added sugars will contribute to a lower risk of
becoming overweight in childhood and adulthood. While the observed means suggest that water
consumption increased by approximately 3.5 ounces per day, and milk consumption increased by
approximately 1 ounce, the statistical analyses did not examine the significance of these changes
within or between groups. Similarly, a limitation of the study is that it was not able to determine
if reductions in SSB intake were replaced with added sugar or calories from additional foods.
Because the dietary recall only captured food and beverage intake while the child was in the care
of the mother or her partner, the children in the study have varying proportions of their daily
dietary intake that were captured by the recall. For example, a child who was in childcare from
7am-5pm and ate breakfast, lunch, and snacks provided by the childcare would have the majority
of their intake for the day missing from the dietary recall, but a child who was at home all day
with the mother would have a full day of reported dietary intake. The purpose of the intervention
was to target dietary behaviors in the home environment, where children of preschool age spend
most of their time and consume most of their calories and where parents are in control of food
and beverage portions. However, it means that total caloric intake and substitution of beverages
with other foods cannot be evaluated.

Study Two also found differences in maternal weight and maternal beverage

consumption, with mothers in the Smart Moms group losing 2.3 kg compared to a gain of 0.9 kg
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in the control group, and reducing their beverages by more than 12 ounces per day compared to
no change in the control group. This suggests that even in an intervention with a primary
objective to change child SSB intake, mothers can also make dietary changes to lose modest
amounts of weight. Participation in the Smart Moms intervention was high, with most
participants submitting at least 23 out of 24 weeks of self-monitoring data and reading almost
two-thirds of the lessons available on the Smart Moms mobile-optimized website. During study
recruitment, it was emphasized that the study would require less time per week than a
“traditional” weight loss intervention and included a simplified version of self-monitoring that
did not involve detailed calorie tracking. Responses in the program evaluation indicated that, on
average, mothers spent approximately 50 minutes per week in intervention-related activities.
This is much less than the time requirements of a standard behavioral weight loss intervention
that would require travel to and from group meetings, attendance at the group meetings of at
least one hour in duration, in addition to the time required to track detailed caloric intake and
exercise. The lower time demands of the Smart Moms study could be a reason that the study had
high adherence and participation. However, the weight changes observed, while statistically
significant, are less than those observed in standard behavioral weight loss interventions. The
adults with children in the home in Study One of this dissertation lost at least 8% of their body
weight at 6 months, compared to approximately 2.7% in the current study. This is an important
contrast, and raises questions about the benefit of high-demand, highly effective interventions
versus low-demand, but less effective interventions. However, a key difference between the
interventions in Study One and Study Two are that the former was an intervention for adults,
while the latter targeted both adults and children. In addition, the former study encouraged

detailed self-monitoring and a reduction in calories of 500-1000 per day, which is known to
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produce large weight losses, compared to a simplified self-monitoring approach in the Smart
Moms study. The weight loss observed in Smart Moms is similar to that found in other studies
that have focused on just one dietary manipulation, such as the CHOICE study, which focused
on reducing calories from beverages by 100-200 per day and resulted in weight losses of 2.5%
(Tate et al., 2012).Thus, while the Smart Moms study did not result in maternal weight losses
equivalent to those of standard behavioral interventions, it was successful in its primary objective
to reduce child SSB consumption, in addition to producing positive changes for mothers. Given
the wealth of research indicating that parental weight and dietary behaviors are the strongest
predictors of child weight (Davison & Birch, 2001; Flores & Lin, 2013), and considering that the
rate of overweight and obese among young children remains a significant public health problem
in the United States, interventions that simultaneously work towards improving the weight status
of parents while also improving the dietary and physical activity behaviors of their children
could be a way to impact the rising rates of obesity in young children.

As described in Chapter 2 of this dissertation, the Smart Moms study was developed with
careful attention to theoretical and empirical evidence of successful strategies that had been used
in previous interventions targeting dietary changes in parents and children. The intervention was
purposefully developed to include strategies that had previously been found to change theoretical
and behavioral intervention targets, and with some epidemiological and intervention evidence
that changes in the intervention targets would lead to changes in child SSB intake and maternal
weight.

The objective of Study Three was to evaluate if the Smart Moms intervention produced
changes in the hypothesized intervention targets, and if the intervention targets mediated the

effect of the intervention on the change in child SSBs. The intervention was expected to change
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child sugar-sweetened beverage consumption through its changes in maternal beverage intake
(observational learning), changes in the physical and social home food environment, increases in
limit setting, and changes in the SCT constructs of self-efficacy, outcome expectations,
perceived barriers, positive reinforcement, and self-regulation (Figure 2.1). The Smart Moms
intervention produced a significant reduction in maternal caloric beverage intake, a significant
increase in limit setting for 100% fruit juice, and a decrease in parental concern for child diet at 3
months. Only changes in maternal beverage intake and parental concern for child diet mediated
the effect of the Smart Moms intervention on the change in child SSBs at 6 months. The
mediating effect of the change in maternal beverages on change in child beverages was expected,
given that out of all the predictors of child diet, maternal diet emerges as the strongest (Davison
& Birch, 2001). The effect of maternal beverage change on child SSB change likely occurred
through two mechanisms, through the effect of role modeling and through changes that were
made in the home environment. In a previous one-group intervention study, change in maternal
beverage consumption was associated with change in child SSB consumption (Klohe-Lehman et
al., 2007), but this is the first randomized trial to demonstrate that mothers’ changes in a specific
dietary behavior were predictive of the same changes in the child. This finding has promise for
future interventions conducted with parents and children by suggesting that targeting other
dietary or physical activity behaviors for change in parents could be an effective way to improve
the weight-related behaviors of young children at an early age, thus reducing the risk of obesity.
Parental concern for child diet was found to decrease as a result of the intervention, and
significantly mediated the effect of the intervention on the reduction in child SSBs. Parental
concern was just one aspect of the social environment that was hypothesized to affect child SSB

intake, and it is unclear why it was the only environmental factor to mediate the intervention
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effect. Cross-sectional research has shown that greater parental concern for eating habits is
associated with higher weight (Johannsen et al., 2006), and previous intervention studies have
shown that decreases in parental concern are associated with improvements in child weight status
(Burrows et al., 2015; Daniels et al., 2012). Future research should explore the parental feeding
behaviors that are associated with a decrease in concern within the intervention context in order
to increase the understanding of why and how interventions should target parental concern as a
mechanism for child behavior change.

The results of Study Three suggest that the intervention was not successful at impacting
the other hypothesized intervention targets. It is unclear why this was the case, but it could be at
least partially due to some substantial limitations in measurement. Firstly, there was no
standardized measure of perceived barriers or self-regulation. Participants in the intervention
group completed questions monthly about their barriers to change, and self-monitoring data
throughout the 24 weeks is available as a proxy for self-regulation. However, these measures are
not available in the control group and thus concrete analyses cannot be completed to determine
the effect of the intervention on these two constructs. In addition, the measure of the physical
home food environment did not include an assessment of the presence of SSBs other than 100%
fruit juice in the home, which is a substantial omission given the focus of this study, as well as
the significant epidemiological association of SSBs with child weight. The measure was chosen
in order to use a previously developed, validated measure of the home food environment,
however, with the disadvantage that it did not assess all relevant aspects of the environment. On
the other hand, there were no validated scales to measure the SCT constructs specific to reducing
children’s’ SSB intake, including maternal self-efficacy, outcome expectations and limit setting.

The questions used in this study were adapted from previous studies, but unfortunately were not
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a part of validated scales. Thus, it is unclear whether relationships were not found between the
intervention and potential mediators because of the failure of the intervention to change the
intervention targets, or because of poor measurement.

A strength of the Smart Moms study is that it was able to recruit and retain a population
of mothers of young children, and because of high adherence rates, was able to test the efficacy
of the intervention on the change in child SSB intake. A related strength is that it targeted a
single dietary behavior for change in both mothers and children, thus simplifying the goals of the
program and potentially leading to greater success. Research shows that many parents are not
concerned about the weight or diet of children under the age of 5 (Beck et al., 2013; Bolling et
al., 2009), and it can be difficult to recruit parents for studies that focus only on the child, with
no perceived benefit to the parent. Thus, while child SSB intake was the primary outcome of the
Smart Moms study, a focus on maternal beverage reduction and weight loss was an integral part
of the program because it kept mothers interested and engaged by helping them lose weight
while also giving them the tools they needed to make healthy changes with their child.

Perhaps the most important strength of this dissertation study was the ability to use
mobile technologies to reach and retain a study sample of mothers and their young children, and
moreover, produce significant dietary and weight changes. The simplified self-monitoring in this
study was received as feasible and effective by mothers. Instead of detailed monitoring of
calories, mothers tracked only the number of servings of SSBs their child consumed, the number
of servings of caloric beverages they consumed themselves, and only the number of red foods
that they consumed each day. This method of tracking was much less precise in terms of
measuring caloric intake, but showed that it could still be effective in producing dietary and

weight changes. But given that the weight changes among mothers were modest, a future avenue
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of research could compare a treatment involving simplified self-monitoring versus more detailed
self-monitoring, evaluating the feasibility, adherence, and effectiveness for parents and young
children.

Implications for Research and Future Directions

The results of this dissertation contribute to the development and dissemination of
interventions for parent and children in several ways. First, it demonstrates that parents may not
be as successful at making behavior changes for weight loss in traditional behavioral weight loss
interventions as adults without children, thus underscoring the need for more appropriate
interventions for adults with children in the home. Next, it identifies theory-based intervention
strategies delivered using mobile health methods that can effectively maximize adherence,
retention, and sugar-sweetened beverage change success among mothers and their preschool-
aged children. It also identifies significant theoretical and behavioral mediators of the effect of
the intervention on changes in child SSB intake.

The Smart Moms study, due to its delivery primarily via mobile methods, holds promise
for dissemination across a wide range of populations. Though it required one in-person group
session and several in-person assessment visits, the program could be adapted to be delivered
using only the internet and mobile technologies. The current study was limited in its
technological abilities due to budgetary constraints, as much of the internet- and text message-
related strategies had to be created and maintained manually. This is appropriate for an efficacy
study where messages and algorithms are being developed. Since the intervention was
successful in changing the primary target, future research should seek to develop more

automated mobile methods that can be translated into sustainable, community-based programs.

136



The use of eHealth and mHealth interventions has increased in recent years, and these
interventions would seem to be well suited to populations that have difficulty adhering to the
standard face-to-face interventions, including parents of young children. But there are still
relatively few studies using the internet and/or text messaging as modes of delivery to reduce
weight or produce changes in weight-related behaviors among mothers of young children. Thus,
intervention research should continue to explore how to use mobile methods to reach and
intervene with parents in order to change parent and child behaviors. Moreover, the use of
mHealth methods holds promise for intervening with populations that are more difficult to
recruit and retain in studies. Low-income families are a population that could benefit most from
simplified, mobile-based studies, but they are a population that is often hardest to recruit.
Finding effective ways to recruit and retain low-income families in weight-related programs
should be at the forefront of obesity intervention research going forward.

Though the current study demonstrates that a single child dietary behavior can be
impacted by a relatively low-burden parent-targeted intervention, future research should explore
if similar interventions can impact more than one child behavior, such as other dietary behaviors,
physical activity, or sedentary behaviors that have a long-term impact on child weight. It will
remain important to determine how to best intervene with mothers to balance the need for a
program that fits into their busy schedules while providing enough contact and behavioral
strategies to change additional dietary or physical activity behaviors in their children.

Relatedly, there is a need for better insight into how interventions lead to changes in the
behavior of parents and young children. The current study had several limitations of
measurement, including self-report measures of beverage intake and other measures, in addition

to a significant lack of validated scales to measure mechanisms of change in the intervention.
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Determining the behavioral intervention strategies that lead to change among parents and
children is a key need in order to continue refining programs. To do so, it may help to continue
creating validated measures that assess parental constructs for changing child behavior. The use
of common, validated scales would allow for comparison across research studies, thus ensuring
that the field of family-based intervention research is moves forward in finding the most
effective intervention strategies.

Given that parents often have difficulty remaining in long-term programs (Barlow,
Ohlemeyer, 2006), a finding that was confirmed by the higher dropout rate at 18 months in Study
One of this dissertation, an important avenue for future research is to determine how to use
mobile health methods to retain parents in studies of duration longer than 6 months. Little is
known about the maintenance of child behavior changes after a short intervention, but the use of
mobile programs holds promise for sustaining at least minimal treatment contact with parents
and children for longer time periods. With the potential to create mHealth intervention
components that are more automated, there is a possibility that participants could have continual
access and prompting from studies through the use of smartphone applications, text messaging,
or both.

Conclusion

The innovative studies in this dissertation have the potential to make a large impact in the
study of family, maternal and child obesity. Given that parents of young children often have
difficulty participating in traditional behavioral weight loss programs, and also given the mixed
success of the extant interventions targeted at preschoolers and their families, this study informs
a novel, innovative family-based approach to obesity prevention by targeting specific dietary

behaviors and using technology to improve adherence and effectiveness. In addition, the results
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of the Smart Moms intervention suggests that targeting maternal behaviors for change is an
effective manner by which to change child behaviors, thus improving the health of the family

while also potentially preventing the onset of obesity in children.
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APPENDIX I: ONLINE SCREENING SURVEY

Q1.1  Welcome to the Smart Moms screening questionnaire. These questions will take you
approximately 10-15 minutes to complete. The survey will ask you about your demographic
background, medical, and health history to determine your initial eligibility for the study. There
are no physical risks to you completing this screening procedure and information given during
this survey will be kept confidential. If you are found to be ineligible, the information will be
kept on file until the end of the study. At that time your personal information will be removed
and the responses to the questions will be kept for descriptive purposes. Once you complete the
screener and submit your responses, a Smart Moms staff member will contact you by phone or
by email. *If at any point during the survey you would like to stop and finish it later, your
responses will be saved, but be sure to return to the questionnaire using the same device
(computer, phone, etc.). If you cannot access your saved responses, please email
smartmoms@unc.edu. Do you give your permission to continue with the online questionnaire
and to be contacted by study staff if you are determined to be eligible for this study?

O Yes

O No

Q1.2 Do you have an email address?
O Yes, email me at:

QO No (please enter phone number below)

Q1.3 How did you hear about this program?
O Email (please indicate who email was from)

QO Website (please indicate what site)
QO Flyer (please indicate where you saw flyer)
QO Another participant in the program

QO Other

Q1.4 What is your gender?
O Male

O Female

Q1.5 What is your date of birth?
mm/dd/yyyy

Q1.6 What is your current weight (in pounds)?
Q1.7 What is your height?

Feet
Inches
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Q1.8 Do you consider yourself to be Hispanic or Latino? Select one.
Q Hispanic or Latino

QO Not Hispanic or Latino

Q1.9 What race do you consider yourself to be? Select one or more of the following:
American Indian or Alaska Native

Asian

Black or African American

Native Hawaiian or Other Pacific Islander
White

Other

o000 0

Q1.10 Are you able to read and write in English?
O Yes

O No

Q1.11 How many children ages 2-5 do you have currently living in your home?
OO0

o1

Q2

Q 3or more

Q1.12 What are the exact ages of your children ages 2-5, starting with the oldest down to the
youngest?

Years Months \

5 4 3 2 1 2 3 4 5 6 7 8 9 10 | 11

Chl”d oo oo oo o 0o o o 0o 0o o o O
Child

9 oo oo oo o 0o o o 0o 0o o o O
Child

3 oo oo oo 0o o o | 0o 0o o o O
Child

4 O /o oo oo o 0o 0o o 0o 0o o o o
Child

5 oo oo oo 0o 0o o o 0o 0o o o O

Q1.13 Are you currently pregnant?
O Yes

O No
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Q1.14 Are you planning to become pregnant in the next 6 months?
O Yes

O No

Q1.15 Have you ever been told by a doctor or other medical provider that you have any of the
following conditions?

Yes
Heart Attack
Stroke
Diabetes
Cancer
High Blood Pressure

High Triglycerides or High
Cholesterol

Heart Disease
Bipolar Disorder
Schizophrenia

Substance or Alcohol
Dependence

©C 000 O 000 O0OOO
© OO0 0 OO0 O0Oz

Q1.16 Is a doctor or health care provider currently treating you for any other physical or
psychological reasons?
O Yes, please specify:

O No

Q1.17 Have you been hospitalized for any psychological reasons in the last year?
O Yes

O No

Q1.18 Do you use a computer to access the internet at home?
Q Yes

O No

Q1.19 Do you have a cell phone?
O Yes

O No
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Q1.20 What kind of cell phone do you have?
O Smartphone (with access to internet, email, and applications)

QO Conventional cell phone
QO Other (specify)

Q1.21 How often do you use your smartphone to access the internet or check your email?
Q Several times a day

O About once each day

QO Every few days

QO About once per week
QO Less than once per week
Q Never

Q1.22 Do you use text messages?
Q Yes

O No

Q1.23 What is your texting plan?
QO Unlimited

QO Limited number per month
QO Pay per text

Q1.24 How many text messages do you send each week?
O None

Q 1-25

Q 26-50

Q 51-100

Q More than 100

Q1.25 How much do you like communicating using text messages?
O Not at all

QO Very little

QO Some

Q A fair amount
Q Alot

Q1.26 You will now be asked questions about the foods and drinks you typically
consume. These include items prepared at home, in a restaurant or purchased from a store.
Please answer honestly and to the best of your ability.
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Q1.27 In the past month, how often did you eat at a fast food restaurant?
Never or less than once per month

1-4 times per month
2-6 times per week

1 time per day

2 times per day

3 or more times per day

C0000O0

Q1.28 In the past month, how often did you consume fried foods? (For example: french fries,
chips, donuts, fried fish or chicken, fried okra, etc.)
Never or less than once per month

1-4 times per month
2-6 times per week

1 time per day

2 times per day

3 or more times per day

00000

Q1.29 In the past month, how often did you consume sweets? (For example: candy, chocolate
bars, pie, cake, cookies, ice cream, snack cakes, pastries, etc.)
QO Never or less than once per month

QO 1-4 times per month

QO 2-6 times per week

QO 1 time per day

QO 2 times per day

O 3 or more times per day

For the following questions that will ask you how often you have drank each beverage, and how
much you drank each time, use the following picture to estimate your serving sizes:

0 NP
3 s /
‘ koY T,
X % Tatte
|
- - ‘ ,
Small Tumbler Standard Glass Fast Food Fast Food Fast Food Large
12 oz. 16.25 oz. Small Medium 32 0z.

16 oz. 21 0z.

In the past month, please indicate your response for each beverage type by marking an "X" in the
bubble for "how often™ and "how much each time". Indicate how often you drank the following
beverages, for example, if you drank 5 glasses of water per week, mark 4-6 times per week.
Indicate the approximate amount of beverage you drank each time, for example, if you drank 1
cup of water each time, mark 1 cup under "how much each time".
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HOW OFTEN (select one)

HOW MUCH EACH TIME
(select one)

Type of
Beverage

Neve
ror
less
than

time
per
week

time
per
wee

2-3
time

per
wee

4-6
time

per
wee

tim

per
day

2+
time

per
day

3+
time

per
day

Les
S
tha
no6
fl
0z
(3/4
cup

8 fl
0z
@
cup

12
fl
0z
(1
Y
cup

)

16 fl
0z
@

cups

Mor
e
than
20
0z
(2%
cups

)

Water

100% Fruit
Juice

Sweetened
Juice
Beverage/D
rink (fruit
drinks,
lemonade,
punch,
Sunny
Delight)

Whole Milk

Reduced
Fat Milk
(2%)

Low
Fat/Fat Free
Milk
(Skim, 1%,
Buttermilk,
soymilk)

Soft drinks,
regular

Diet soft
drinks/Artif
icially
sweetened
drinks
(Crystal
Light)

Sweetened
Tea

10.

Tea or
Coffee,
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with cream
and/or
sugar
(includes
non-dairy
creamer)

11.

Tea or
coffee,
black,
with/withou
t artificial
sweetener

12.

Beer, ales,
wine
coolers, or
light beer

13.

Non-
alcoholic
beer

14.

Hard liquor
(shots, rum,
tequila,
etc.)

15.

Mixed
alcoholic
drinks
(daiquiris,
margaritas,
etc.)

16.

Wine (red
or white)

17.

Sports and
energy
drinks
(Gatorade,
Powerade,
Red Bull,
Rockstar,
etc.)
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Q3.1 Now think about your child who is ${q://QID282%231/ChoiceGroup/SelectedAnswers/1}
years old. You will now be asked questions about the foods and drinks that they typically
consume. These include items prepared at home, in a restaurant or purchased from a store.

Q3.2 In the past month, how often did your child eat at a fast food restaurant?

00000

Never or less than once per month (1)
1-4 times per month (2)

2-6 times per week (3)

1 time per day (4)

2 times per day (5)

3 or more times per day (6)

Q3.3 In the past month, how often did your child consume fried foods? (For example: french
fries, chips, donuts, fried fish or chicken, fried okra, etc.)

CO000O0

Never or less than once per month (1)
1-4 times per month (2)

2-6 times per week (3)

1 time per day (4)

2 times per day (5)

3 or more times per day (6)

Q3.4 In the past month, how often did your child consume sweets? (For example, candy,
chocolate bars, pie, cake, cookies, ice cream, snack cakes, pastries, etc.)

CO00O0O0

Never or less than once per month (1)
1-4 times per month (2)

2-6 times per week (3)

1 time per day (4)

2 times per day (5)

3 or more times per day (6)

For the following questions that will ask you how often your child drank each beverage, and how
much your child drank each time, use the following picture to estimate their serving sizes:

) -V.l -"
/

A

U %&.‘ : ! R
| AN

60z. 100z 120z FastFoodKidsCup FastFood Small Standard

12 oz. Small Tumbler Glass

16 oz. 12 oz. 16.25 oz.
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In the past month, please indicate your response for each beverage type by marking an "X" in the
bubble for "how often” and "how much each time". Indicate how often your child drank the
following beverages, for example, if your child drank 5 glasses of water per week, mark 4-6
times per week. Indicate the approximate amount of beverage your child drank each time, for
example, if your child drank 1 cup of water each time, mark 1 cup under "how much each time".

HOW MUCH EACH TIME
HOW OFTEN (select one) (select one)

Les
Neve S Mor
ror tha 12 e
less 2-3 | 4-6 neé fl than
than 1 |time |time| 1 2+ | 3+ fl. |8fl| oz |16fl | 20
1 |time| s S |tim|time|time| oz | oz | (1 | oz 0z
time | per | per | per | e S s | (@4 1| % 2 | (2%
per | wee | wee | wee | per | per | per | cup | cup | cup | cups | cups

week | Kk k k |day | day | day | ) ) ) ) )

Type of
Beverage

1. Water

2. 100% Fruit
Juice

3. Sweetened
Juice
Beverage/D
rink (fruit
drinks,
lemonade,
punch,
Sunny
Delight)

4. Whole Milk

5. Reduced
Fat Milk
(2%)

6. Low
Fat/Fat Free
Milk
(Skim, 1%,
Buttermilk,
soymilk)

7. Soft drinks,
regular

8. Diet soft
drinks/Artif
icially
sweetened
drinks
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(Crystal
Light)

9. Sweetened
Tea

10. Sports and
energy
drinks
(Gatorade,
Powerade,
Red Bull,
Rockstar,
etc.)

Q2.1 How willing would you be to make small changes to your diet for a minimum of 6 months
in order to help you lose weight?
O Not willing at all

Q Slightly willing
QO Pretty willing
QO Extremely willing

Q2.2 How willing would you be to make small changes to your physical activity for a minimum
of 6 months in order to help you lose weight?
O Not willing at all

QO Slightly willing
QO Pretty willing
QO Extremely willing

Q2.3 How willing would you be to give up or change certain foods that you currently eat for at
least 6 months?
O Not willing at all

Q Slightly willing
Q Pretty willing
Q Extremely willing

Q2.4 How willing would you be to give up or change certain beverages that you currently
drink for at least 6 months?
O Not willing at all

Q Slightly willing
Q Pretty willing
Q Extremely willing
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Q2.5 Will you be available to attend 1 group session and 3 assessment visits that last
approximately 1 hour to 1 hour and 15 minutes at the UNC Weight Research Program in Chapel
Hill, NC?

O Yes

O No

Q2.6 Thank you for completing these questions. In order to complete your eligibility screening, a
study staff member will need to contact you by phone. Please enter your contact information
below.

Q2.7 Contact Information:
First name
Last name
Home phone
Work phone
Cell phone
Home address
Home address 2
City
State
Zip code

Q2.8 What is the best time to reach you Monday-Friday?

Q2.9 What phone number should we use to contact you during that time? Check all that apply.
U Home phone

O Work phone
O Cell phone
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APPENDIX Il: LIFESTYLE QUESTIONNAIRE

Welcome to the baseline questionnaire for the Smart Moms study. This questionnaire will take
you between 30 and 45 minutes to complete. You do not need to complete this survey all at one
time. Your answers are saved each time you move to a new page. You can always return to
where you left off by clicking on the link in the email sent to you. If you are uncomfortable
answering any of the questions, feel free to move to the next one. Please answer honestly and to
the best of your ability. We appreciate your time and participation. If you have any questions or
encounter any problems, please email smartmoms@unc.edu.

Q1 What is the highest grade in school you finished?
Did not complete high school (1)

Graduated high school (2)

Technical school or vocational training (beyond high school) (3)
Some college (less than 4 years) or associate degree (4)
College/university degree (5)

Graduate school or professional education (6)

C0000O0

Q2 What is the total income of your household? Include all sources of income like your (and

your partner’s) wages or salary, child support, and government assistance.
Less than $10,000 (1)

$10,000 or more, but less than $20,000 (2)
$20,000 or more, but less than $30,000 (3)
$30,000 or more, but less than $40,000 (4)
$40,000 or more, but less than $50,000 (5)
$50,000 or more, but less than $75,000 (6)
$75,000 or more, but less than $100,000 (7)
$100,000 or more (8)

Prefer not to answer (9)

CO0000C0O0O0

Q

3 Are you currently: (Please check all that apply)
Working full-time (1)

Working part-time (2)

A full-time student (3)

A part-time student (4)

Retired (5)

Not working (6)

Looking for work (7)

ocooo0oo0ooog
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Q4 Marital Status:
O Married (1)

O Separated (2)

Q Divorced (3)

O Widowed (4)

QO Single (5)

QO Living with partner (6)

Q5 What type of internet connection do you have at home?
O Modem (dial-up access over normal telephone line) (1)

O DSL (2)

Q Cable (3)

O Satellite (4)

O Public wi-fi (5)

O Mobile (USB key, laptop card) (6)

Q6 Where do you access your email? (Check all that apply)
0 Home (1)

a Work (2)
O Public computer (e.g., library, community center) (3)
Q Cell phone (4)

U Other (specify): (5)

Q7 How frequently do you check your email?
QO Several times a day (1)

O About once a day (2)

O Every few days (3)

QO About once per week (4)
QO Less than once per week (5)

Q8 On average, how many hours per week do you spend using the internet for things other than
email (e.g., going to different websites for information or entertainment, shopping)?

Q9 How would you rate your current internet or web skills?
QO Very poor (1)

QO Poor (2)
Q Fair (3)
Q Good (4)
Q Very Good (5)
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Q10 How many children ages 0-18 are currently living in your home?
O 1(1)

QO 2(2)

Q 313

Q 4(4)

Q 5(5)

QO 6 or more (6)

Q11 Please indicate the age and weight status of the children you live with below.
Underweight (1) | Normal Weight | Overweight (3) Obese (4)

(2)

Child #1 (Enter
Age) (1) O O O Q
Child #2 (Enter
Age) (2) O O O Q
Child #3 (Enter
Age) (3) O O O Q
Child #4 (Enter
Age) (4) Q Q O Q
Child #5 (Enter
Age) (5) Q Q O Q
Q12 Do you live with a romantic partner or spouse?
O Yes (1)
O No (2)

Q13 Please indicate their weight status.
QO Underweight (1)

O Normal weight (2)
O Overweight (3)
O Obese (4)

Q14 Do you live with any other family members?
O Yes (1)
QO No (2)
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Q15 Please indicate your relationship to other family members you live with and their weight
status.

’ Underweight (1) ’ Normal Weight | Overweight (3) Obese (4)
(2)
Relationship: (1) | Q | Q | Q | Q
Relationship: (2) ) ) ) Q
Relationship: (3) Q Q Q Q

Q16 Currently, how often do you weigh yourself? (Check the answer that best applies).
Several times a day (1)

One time a day (2)

Several times per week (3)

One time per week (4)

Less than one time per week (5)
Less than one time per month (6)
I never weigh myself (7)

CO0000O0

Q17 Have you ever tried to lose weight in the past (i.e., purposefully or intentionally lost
weight)?

O Yes (1)

O No (2)

Q18 What have you done to try and lose weight? (check all that apply)
Commercial program (e.g., Weight Watchers / Jenny Craig / NutriSystem) (1)

Support Group (e.g., Overeaters Anonymous / TOPS) (2)

Individual counseling with a nutritionist, physician, or psychologist (3)

Structured exercise program (e.g., classes or trainer) (4)

Weight loss surgery. If yes, enter type: (ex: liposuction, gastric bypass, gastric banding, etc)
()
Medication (e.g., prescription or over-the-counter) (6)

Followed a diet from a book (e.g., Atkins, Zone) (7)

Used my own approach without following any published diet (e.g., decreased calories) (8)
Tried to lose weight with a friend or family member (9)

Used an Internet weight loss site (10)

o000

M) Ry W Wy

Q19 Over the past 6 months, have you gained weight, lost weight, or stayed about the same
weight?

QO Gained weight (specify amount in pounds): (1)
Q Lost weight (specify amount in pounds): (2)
Q Stayed about the same weight (3)
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Q20 On ascale of 1-10, how confident are you that you will be able to make changes in your
diet to lose weight?
1 - Not at all confident (1)

2(2)
3(3)
4(4)
5(5)
6 (6)
7(7)
8(8)
9(9)
10 - Very Confident (10)

(ONONCNONONONONCONONG,

Q21 On ascale of 1-10, how confident are you that you will be able to make changes in your
physical activity to lose weight?
1 - Not at all confident (1)

2(2)
3(3)
4(4)
5(5)
6 (6)
7(7)
8(8)
9(9)
10 - Very confident (10)

(ONCNCNONONONCONONONC,

Please answer the next set of questions about your child who is participating in the Smart Moms
study.

Q22 What is your child's date of birth? (Enter as mm/dd/yyyy).

Q23 Is your child taking any daily medications for attention or hyperactivity problems?
O Yes (1)
O No (2)

Q24 Please indicate if your child is at any of the following places on any or all weekdays (check
all that apply):
Kindergarten (1)

Daycare (2)

Preschool (3)

Taken care of by family member or friend (4)
None of the above (5)

ocoo0o0o
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APPENDIX I1l: MEASURES OF SELF-EFFICACY, OUTCOME EXPECTATIONS, AND
LIMIT SETTING

Please tell me how confident you are that you can do the following things:

(3) confident (4)

Somewhat Very confident Extremely

Not confident (1) confident (2)

Limit child’s

television O O O O
viewing. (1)
Remove the

television from

your child’s
bedroom. (2)

Reduce your
child’s intake of
soda, juice, or o ) Q Q
other sweetened

drinks. (3)

Reduce your
child’s intake of o ) o o
fast food. (4)

Change family’s
eating patterns to
keep your child o ©) Q Q
from being
overweight. (5)

Change family’s
activity patterns

to keep your o Q o Q
child from being
overweight. (6)

Keep your home
free of all soda
and sweetened

drinks (not Q Q Q Q
including fruit
juice). (7)
Master the skills
necessary to o o o o

limit your child’s
consumption of
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juice and
sweetened
drinks. (8)

Continue to
influence your
child’s
consumption of
juice and
sweetened drinks
as he or she gets
older. (9)
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Please rate how strongly you agree with the following statements:
4 -Do
1-Very not agree
strongly or 7 - Very

disagree disagree strongly
) 2(2) 3(3) Q) agree (7)

Watching TV
(including movies
and programs on a
tablet/smartphone)

for more than 2
hours per day will
increase my
child’s risk of
becoming
overweight. (1)
100% fruit juice is
good for my child. Q ) ) ©) ©) Q ©)
)

If my child drinks
more than 6
ounces per day of
100% fruit juice it
will increase
his/her risk of
becoming
overweight. (3)
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Thinking of your child’s TV and dietary behaviors in the last month, please rate how strongly
you agree with the following statements:

4 - Do
1- Very not agree
strongly or 7 -Very

disagree disagree strongly
(1) 2(2) 3(3) (4) 5 (5) 6(6) | agree (7)

I have to be sure
that my child does
not watch too
much TV
(including movies
and programs on a
tablet/smartphone).
1)

I have turned off
the TV (including
movies and
programs on a
tablet/smartphone)
if I think my child
is watching too
much. (2)

I have let my child
watch TV/ movies
(including movies
and programs on a o Q Q Q Q Q Q
tablet/ smartphone)
in exchange for
good behavior. (3)

I have limited how
much time my
child spent
watching TV
(including movies
and programs on a
tablet/
smartphone). (4)

I have not allowed
the TV to be on
during mealtimes.
()

I have I let my
child have fruit
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or sodas in

juice, fruit drinks

behavior. (6)

I limited the
amount of fast
food my child
consumed. (7)

I limited how
many servings of
100% fruit juice
my child
consumed. (8)
I limited how
many servings of
other sweetened
beverages (fruit
drinks, sport
drinks, or sodas)
my child

exchange for good

consumed. (9)
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APPENDIX IV: MEALS IN OUR HOUSEHOLD MEASURE

Mealtimes are different for different families. We are interested in what meals are like in your
household. For each of the following items, please choose how often the statement describes
mealtimes with your child and/or in your household.

Always or

Sometimes Almost

Never (1) Rarely (2) (3) Often (4) Always (5)

My child eats
meals with
myself or O] ) ©) Q Q

other family

members (1)

The
television is
on in the
same room Q Q Q O Q
when my
child is eating
meals. (2)

Our family
eats an
evening meal ) Q ©) Q Q
at a regular
time. (3)
Meals in our

household are Q O Q O O
rushed. (4)

We eat meals
in the kitchen
or dining
room. (5)
We eat meals
in the car. (6)

Everyone in
our
household

eats Q Q Q Q Q
something
different at
meals. (7)

At meals, my
child eats the @] O Q O O
same food as
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everyone
else. (8)

Someone in
our
household
cooks meals.

(9)
We say grace

or have a
ritual at the

start of meals.

(10)
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Children’s behavior at mealtimes can be an issue for parents and in families. Sometimes children
behave well at meals and sometimes they could behave better. Parents also have different
expectations for children’s behavior at meals. For each of the following statements, please
choose how often the statement describes your child’s behavior during the past 3 months, and for
each statement choose how much of a problem that aspect of your child’s behavior is for you.
Please note that a behavior that occurs often may be a large problem in one family and may be
not a problem or a small problem in another family. Likewise, a behavior that occurs rarely may
be a large problem or may be not a problem.

Sometimes Very Often

Never (1) Rarely (2) (3) Often (4) (5)

My child
refuses to
come when it O Q O Q Q
is time to eat.
1)
My child has
tantrums or
acts out Q Q Q Q Q
during meals.
(2)

My child
complains
about what is
served. (3)

| argue with
my child
about what o Q o Q Q
he/she eats.
(4)

My child
seeks a lot of

attention ) ©) o Q Q
during meals.

(5)

My child
does not stay
seated during

meals. (6)

My child

squirms or
fidgets while

eating. (7)
My child has o O o o O
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poor table
manners. (8)
My child
overstuffs
his/her mouth
with food. (9)
My child
refuses to eat
what is
served. (10)

164




Parents use many ways to reward and encourage children. For each of the following, please tell
us, by checking one box per row, how often the statement describes you and/or your child.
Always or

Sometimes Almost

Never (1) Rarely (2) (3) Often (4) Always (5)

| give my
child food to
keep him/her
quiet when

shopping or
traveling. (1)

| give my
child food to
reward
him/her for
good
behavior. (2)

I withhold a
food my child
likes as a
consequence
for bad
behavior. (3)

My child
expects to be
given a
favorite food
as a reward.
4
| give my
child a
special food
to celebrate O Q O Q Q
an
achievement.
®)
| give my
child food to
persuade
him/her to do
something
he/she does
not really
want to do.
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(6)

My child’s
food
preferences
influence
what 1,
myself, eat.

(")
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Some parents have concerns about what their child eats and other parents have few or no
concerns about what their child eats. For each of the following, please rate how concerned you
are.

Not at all A little Somewhat Quite Very Extremely

concerned | concerned | concerned | concerned | concerned | concerned

(1) (2) (3) (4) (5) ©)

Child is not
eating ) o o Q ©) Q
enough. (1)
Child is
eating too O] ) ) ©) Q Q
much. (2)

Child eats a
lot of junk O O O @] O O
food. (3)

Child eats
only a few o o o o o o
types of
food. (4)

Child is not

getting _good o o o o o o
nutrition.

(5)
Child has
poor eating o Q Q Q o Q
habits. (6)

Child will
not try new o O ©) ©®) Q Q
foods. (7)

Child is not
flexible
about what O Q Q Q O Q
he/she eats.
8
Child has
food
allergies or ) o o ) o )
intolerances.
€)
Child will
eat foods |
don’t want
him/her to.
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(10)
Child eats

too much
fat. (11)

Child eats
too much
sugar. (12)
Child does
not eat
breakfast.
(13)
Child does
not eat
vegetables.
(14)
Child does
not eat
fruits. (15)

Child does
not drink
milk. (16)
Child does
not eat
meat. (17)
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If you have a spouse or partner who lives with you, please tell us how much you agree or
disagree with the following statements.

Neither agree

Strongly nor disagree Strongly

agree (5)

disagree (1) | Disagree (2) €)) Agree (4)

My child’s
behavior at
meals bothers o o o o o
my
spouse/partner.
1)
My
spouse/partner
does not enjoy O Q O O
eating with my
child. (2)
My child’s
mealtime
behavior is a
source of
stress in my ) Q ©) o
relationship
with my
spouse/partner.
3)

My
spouse/partner
and | have
different
expectations ) ©) Q
about my
child’s
mealtime
behavior. (4)
My child’s
food
preferences
influence what O Q O

my
spouse/partner
eats. (5)

My child’s

food o O o O
preferences
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influence what

other children
in our

household eat.

(6)
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APPENDIX V: HOME FOOD ENVIRONMENT MEASURE

We are interested in knowing about the foods you may or may not have had in your home this
past week. Please read each food listed, paying attention to whether it is the regular or low-fat
variety. Please check the box beside any food that you had in your home this past week.

o O O

O O OO 0O O0OO0OO0OO0OO0OO0OO0LLBOOLOLOLOOLOLOOOLOOOLOOOOoOOoOOoOOo

Regular bacon or sausage (1)
Reduced fat bacon or sausage (2)
Regular yogurt (3)

o Low-fat yogurt (4)
Margarine (5)
Reduced fat margarine (6)
Mayonnaise (7)
Reduced fat mayonnaise (8)
Whole milk (9)
2% milk (10)
1% milk (11)
Skim milk (12)
Salad Dressing (13)
Reduced fat salad dressing (14)
Pudding (15)
Reduced fat pudding (16)
Cookies or cakes (17)
Low-fat cookies or cakes (18)
Chips (19)
Reduced fat chips (20)
Ice cream (21)
Low-fat ice cream (22)
Granola bars (23)
Low-fat granola bars (24)
TV dinners (25)
Reduced fat TV dinners (26)
Cheese (27)
Low-fat cheese (28)
Hot dogs (29)
Reduced fat hot dogs (30)
Donuts (31)
Pretzels (32)
100% orange juice (33)
100% apple juice (34)
100% grape juice (35)
Other 100% juice (36)
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o O O

Apples (37)

Bananas (38)

Cantaloupe or musk melon (39)
Grapes (40)

Oranges (41)

Pears (42)

Plums (43)

Kiwi (44)

Strawberries (45)
Pineapple (46)

Grapefruit (47)

Fruit salad or fruit cocktail (48)
Applesauce (49)
Watermelon (50)

Raisins (51)

Dried fruit (52)

Peaches (53)

Carrots (54)

Celery (55)

Greens (56)

Spinach (57)

French fried potatoes (58)
Potato salad (59)

Other white potatoes (60)
Corn (61)

Green peas (62)
Tomatoes (63)

Broccoli (64)

Lettuce (65)

Green beans (66)

Cole slaw (67)

Cooked beans (pinto, black eyed
peas, pork ‘n’ beans) (68)
Sweet potatoes (69)
Cabbage (70)

Okra (71)
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