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Background: Rapid weight gain and overweight in infancy are associated with childhood obesity. Thus,
effective, accessible interventions to promote healthy infant feeding practices to prevent early obesity are
essential.

Methods: This mixed-methods study involved diverse parents of infants in an urban, low-income pediatric
clinic. Qualitative interviews explored parental attitudes towards feeding, early obesity, and communication
with the pediatrician. A pilot, randomized controlled trial (RCT) informed by feedback provided by clinic
parents compared text messages delivered for 12 months promoting healthy feeding practices to usual care to
prevent early pediatric obesity. A computer-generated randomization schedule with balanced distribution for
sex was used to place infants into groups. Weight-for-length percentiles and z-scores and feeding practices
were measured at 0-2 weeks (baseline), 2-4 months, 6-9 months, and 12 months. Interviews were recorded,
transcribed, and coded using thematic analysis. Weight for length percentile, Weight for length z scores,
and feeding practices were compared between groups using repeated measures mixed analysis of variance
(ANOVA).

Results: Participants in the interviews were 15 parents of infants less than 1 month old. RCT participants
were 38 parents of newborns (17 control; 21 intervention). Most parents in the qualitative evaluation viewed
breastfeeding positively but also discussed barriers. Most also wanted practical information regarding infant
feeding. There were no differences in weight-for-length percentile (F=0.52; P=0.60) or z-scores (F=0.7922;
P=0.79), breastfeeding persistence 3’[1] =1.45, P=0.23, or age of introduction of solids in the intervention
(statistical analysis not possible due to low counts) compared to the control group; however, low response to
surveys limited the study’s power.

Conclusions: Text messaging has potential to extend the healthcare provider’s communication beyond
clinic. However, texting interventions should be flexible to mitigate barriers such as loss of phone service and

challenges customizing messages to parent needs.
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Introduction
Background

Children with obesity are more likely to become adults with
obesity and associated health problems (1,2). In addition,
pediatric obesity is associated with increased comorbidities,
including hypertension, dyslipidemia, type 2 diabetes
mellitus, nonalcoholic fatty liver disease, and psychosocial
problems (1,3,4). Despite attempts to reduce pediatric
obesity, rates continue to rise (5), and disparities have
widened, with lower income groups showing worsening
trends (6). Rapid weight gain in infancy is associated with
childhood obesity (7-9). In one US study, more than half of
overweight or obese children were overweight by age two,
with average onset of overweight between 15-22 months (10).
However, while modifiable risk factors for childhood obesity
are present before birth and during infancy (11), the majority
of pediatric obesity prevention interventions involve older
children (11-14).

Approaches to prevent obesity in infancy have varied,
ranging from enhanced pediatric well visits (15-18) and
group visits (19), to home visits (20,21), dietitian visits (22),
and even handouts (23) and posters (24). Some studies have
demonstrated improved feeding practices (15,16,23,24).
Slightly lower weight-for-length z scores, body mass
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index (BMI) percentiles, or prevalence of overweight have
been found in others (19-21,24). However, limitations of
these studies include little consistency regarding method,
length, and intensity of intervention (15,19-25) and lack of
grounding in health behavior theories (15,19,20,25). Thus,
there remains a pressing need for data on best practices
in preventing early pediatric obesity as well as obesity
prevention interventions that are low cost, theory-based,
and parent-informed.

Pediatric primary care is an ideal setting for obesity
prevention efforts because infants have frequent
appointments with their pediatric healthcare provider
during the first year. In addition, primary care providers
may influence parent feeding practices because of their
position of authority (26). However, promoting healthy
feeding practices is challenging due to barriers to effective
communication (26) and the impact of conflicting advice
from family and friends (27). While qualitative research
can help uncover parental attitudes towards feeding (28-33)
and risk for early obesity (34) to help address influences
of feeding practices, few recent qualitative studies have
involved diverse US populations. In addition, parent
attitudes towards feeding and communication change with
each new generation of parents (35).

Rationale and knowledge gap

Mobile health (mHealth), including text messaging, may
be one cost-effective approach to influence early feeding
decisions and prevent early obesity. However, there have
been few mHealth initiatives to address infant feeding
(36-40). Existing interventions have been limited by lack
of rigorous data analysis (36) and limited publications on
feeding outcomes (37-39). However, because mHealth
breastfeeding promotion efforts have been shown to
improve breastfeeding rates (40), there is potential to use
this method to promote healthy feeding practices to reduce
risk of early weight gain and obesity.

Objective

The purpose of this mixed methods project was two-fold:
(I)  Explore attitudes of current generations of parents
of newborns towards feeding, early obesity, and
communication with their infant’s healthcare
provider;
(II) Use these qualitative results to develop and
conduct a pilot randomized controlled trial (RCT)
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to compare the efficacy of theory-informed text
messages to usual primary care to prevent early
pediatric obesity (the Baby Bites Text Messaging
Project).

The primary aim of the RCT was to compare the impact
of text messages versus usual pediatric nutrition care on
weight-for-length percentiles and z scores at 2-4, 6-9,
and 12 months. The secondary aim was to compare the
effect of theory-based text messages versus usual pediatric
nutrition care on feeding practices of infants at 2-4, 6-9,
and 12 months. This manuscript was written following the
COREQ and CONSORT reporting checklists (available
at https://mhealth.amegroups.com/article/view/10.21037/
mhealth-22-31/rc).

Methods
Mixed methods design

This mixed methods study involved a sequential,
exploratory design. Parents of infants were recruited
to participate in interviews in order to determine their
attitudes towards early pediatric obesity, feeding practices,
and receiving information from their providers. This
information was used to choose the Health Belief Model
(HBM) as a theory to inform an intervention. Then, a
survey was used to test gain versus loss framed text messages
on feeding topics targeting constructs of the HBM (41).
Finally, the qualitative and survey data were used to develop
the intervention.

Qualitative study of parent attitudes

We used a general qualitative approach to conduct a
phenomenological analysis to explore the thoughts and
perceptions of parents of infants in a diverse, urban
community in Ft. Worth, Texas, USA regarding infant
feeding, causes of early pediatric obesity, and receiving
feeding information from their infant’s healthcare provider
using focus groups and interviews.

The trial was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by Institutional Review Board of Texas Woman’s
University (No. 00000829), and informed consent was
taken from all individual participants.

Study setting and participants
During spring 2018, we recruited participants from the
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UNTHSC Pediatric Clinic, an urban, teaching clinic. This
clinic serves a population that is primarily low income,
with the majority of patients being covered by Medicaid.
Eligibility criteria included: being a parent of a healthy,
term infant; establishing care for the infant with a clinic
healthcare provider in the first 30 days of life; at least
18 years of age; and able to understand and speak English.
Researchers used purposive recruiting methods to seek
participants of varying ages, race, and ethnicity. Recruitment
methods included flyers and verbal invitations to parents
of infants in the clinic waiting room. Due to longer than
usual clinic wait times, focus groups of at least 3 were not
always possible. Thus, parents were interviewed singly or
in groups of 2-3 in a clinic conference room. More than
30 participants were invited to participate, but half or more
did not agree to be screened due to time constraints, lack
of interest, or hesitance to be recorded. This is an estimate;
exact numbers for those declining to participate were not
recorded.

Focus group interview guide

The primary investigator (PI) (first author) wrote the
qualitative interview questions, and a research staff
member with qualitative research expertise edited the
questions to minimize leading questions and bias (7able I).
The script was not pilot tested. The PI was a female,
registered dietitian nutritionist (RDN) with a PhD and
pediatric nutrition expertise and no prior relationship
with the participants. The PI conducted the interviews in
English, and the student investigator (second author) acted
as the co-moderator and note taker. Older children of the
participants were sometimes present, and an additional
student was available to help keep the children entertained.
Each interview was recorded using two digital recorders.
The PI asked the questions, listened to the answers, and
verbally summarized comments for clarity. Interviews took
approximately 30 minutes to complete. Participants knew
the purpose of the research was to inform an intervention
and knew the PI’s role and training. Afterwards, the research
team held a debriefing session to discuss emerging themes,
compare the interviews/groups to previous sessions, and
determine any needed changes in approach. Because of the
difficulty of arranging interviews for parents of newborns,
no follow-up interviews were conducted.

Analytic approach

Interviews were transcribed verbatim by the second author
using NVivol2 Pro for Windows (QSR International,
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Victoria, Australia). Transcripts were not returned to
participants for comment or correction. After half the
interviews were transcribed, the first coder (second author)
analyzed the data using open coding. A second coder (first
author) then reviewed the codes. After coders reached
consensus, they revised the original codes. Then the first
coder (second author) coded the remaining transcripts. The
second coder independently coded approximately half of
the transcripts using the same code sets and after discussion,
added a few codes. The first coder then re-evaluated the
transcripts for final coding changes. After coding, the first
and second authors sorted data into categories in order
to identify themes. Then a comparative pattern analysis
was completed to confirm themes. No new themes were
identified in the analysis of the final transcripts. Therefore,
it was determined that recruitment of additional participants
was unnecessary as data saturation was reached. While the
researchers summarized the interviews to each parent or
small group of parents, we did not share the themes and
sub-themes for feedback.

Pilot, RCT study

Recruitment
We recruited participants for the RCT from the same
UNTHSC Pediatric Clinic during fall 2018 to spring 2019
via flyers and pediatric caregiver invitation. Data collection
was completed by August 2021. Eligibility criteria included:
being a parent of an infant aged 3-30 days with no special
medical conditions or prematurity, at least 18 years of age
or older, and having access to a mobile phone with Internet
access. The trial was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by Institutional Review Board of the University
of North Texas Health Science Center (No. 00000702), and
informed consent was taken from all individual participants.
In the clinic waiting room, each parent provided
informed consent, then completed a form providing
demographic information, their mobile phone number, and
their child’s date of birth. Participants were randomized to
the feeding text messaging (intervention) group or usual
nutrition care with infant safety text messaging (car safety,
sun safety, etc.) (control). The PI, who is the first author
used a computerized random number generator to create
two sets of 20 study ID numbers between 50 and 150. Then
the PI printed these numbers on slips of paper and wrote
“intervention” or “control” on 20 of each. She drew 10 slips
from each control or intervention set to place in opaque
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envelopes labeled “boy” and 10 in the envelopes labeled
“girl”. She then sealed the envelopes, shuffled them, and
sequentially numbered the “boy” and “girl” sets. As the PI
or grant staff (graduate assistants or research coordinator)
consented each eligible parent, they asked the sex of the
infant, then chose the next sequentially numbered envelope,
and opened it to reveal the group assignment. Following
assignment, the research staff enrolled the parents into the
correct text messaging study group (breastfeeding, formula
feeding, or control) using the parents’ mobile phone
numbers. To complete enrollment, participants accepted an
initial text message. Due to the nature of the intervention,
participants could not be blinded to their group. Also, due
to the need to ensure participants were receiving the correct
messages, the PI could not be blinded to group assignment.
However, when data on weight and length were collected
and dietary recalls were collected, data collectors were
blind to group assignment. Care providers were unaware of
research participation status or group assignment.

Intervention

Based on the findings from the qualitative analysis and a
follow-up survey evaluating clinic parents’ text messaging
preferences (41), intervention participants received short
(typically fewer than 160 characters) gain-framed text
messages (42). Gain-framed messages emphasize the
benefits of adopting a health behavior or practice rather
than the negative consequences of not adopting the
behavior (42).

The messages targeted the HBM concepts of perceived
benefits, perceived barriers, self-efficacy, and cues to
action (43) regarding healthy feeding practices. This theory
was chosen based on the analysis from the qualitative data
(presented in the results). The intervention group received
text messages with feeding advice four times per week
for the first 4 weeks of study enrollment, decreasing to
twice a week by 5 weeks, and once a week from 8 weeks to
12 months of age. The control group received safety
messages twice a week for the first 4 weeks, once a week
from 5 to 8 weeks, and every 2 weeks for the remainder
of the study (up to 12 months of life). While preliminary
research with parents suggested they preferred receiving
messages once a week, the research team felt one message
a week would be unlikely to provide adequate support to
promote changes in breastfeeding adherence. Thus, parents
received more frequent messages in the first few weeks,
decreasing to one message per week at the 8-week mark.
In addition to text messages, all participants received the
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Screening form —>| Informed consent and —>{ Randomization
9 HIPAA authorization form

Y

Intervention: feeding texts:
frequent for 8 weeks, every
week to 12 months of age

Control: usual care with safety
texts: frequent for 4 weeks, once
a week 4-8 weeks, every 2 weeks

to 12 months of age

>

Figure 1 Flow and sequence of enrollment and intervention.
HIPAA, Health Insurance Portability and Accountability Act.

clinic’s handouts including feeding and general infant safety
advice (see Figure 1 for the flow of participants through the
study; see Table S1 for sample texts).

Intervention parents who were breastfeeding received
messages promoting and supporting breastfeeding.
Formula-feeding parents received messages intended
to provide cues to action regarding appropriate feeding
practices and timing and to promote feeding self-efficacy.
At about 6 months of age, parents received a text to enroll
in the introduction to solid foods group. A service called
Healthy-Txt (Columbus, OH, USA) delivered the texts.

The PI and a student with an Master of Science (MS) in
Nutrition developed the gain-framed text messages. A subset
of the messages was piloted with parents via a survey (41).
After receiving parent feedback, the PI and MS Nutrition
student developed additional messages in the same style
as the piloted messages. Then another nutrition professor
and dietitian with special expertise in nutrition education,
a pediatric dietitian, a pediatrician, and a communications
professor specializing in feeding reviewed and revised the
messages. Some messages contained links to a web page
where parents could read content with more information
on feeding advice. The web pages also contained links to
external web pages with additional information or videos
related to feeding and infant nutrition care.

The control group received usual care—handouts from
the American Academy of Pediatrics about safety and
feeding. They also received safety-related text messages,
which were developed by Healthy-Txt (Columbus, OH,
USA) for another project. These aimed to help control
for any effect of receiving any health-related texts on the
outcomes of interest (see Table S2 for the safety-related
texts).

Data collection
The researchers gathered demographic data at baseline. All
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other data was collected between 3-30 days, 2-4 months,
6-9 months, and 12 months of the infant’s age, including
weight and length, which were used to generate the primary
outcome measures: weight for length percentiles and z scores.
Data from 24 hour recalls and feeding surveys were used to
evaluate the secondary outcomes measures: feeding practices
such as breastfeeding and introduction of solids. The range
was flexible so that parents who missed attending a scheduled
visit or did not reply to a survey text could still participate
within the interval. To track anthropometric measurements,
the researchers had permission to access each infant’s
electronic health record to gather weights and lengths. If
the child had measurements occurring within the 2-4 or
6-9 months interval, we noted these with the infant’s age at
the time of measurement. The weight-for-length percentile
and z-score were determined by putting this information into
the World Health Organization’s Anthropometric Calculator
application (version 3.2.2; Geneva, Switzerland). Due to
the coronavirus disease 2019 (COVID-19) pandemic, no
12-month measurements were available.

Feeding practices assessment

To assess infant feeding practices, parents received a text
with a link to an online survey in PsychData (State College,
PA), adapted from the National Health and Nutrition
Examination Survey (NHANES) Diet Behavior Nutrition
Questionnaire, including questions regarding breastfeeding,
formula feeding, introduction of solids, and sugar sweetened
beverages (44). The PI sent the survey link to participants
at enrollment (0-30 days of the infant’s life) and between
2-4 months, 6-9 months, and 12 months of the infant’s
age, with follow-up reminders up to twice. The NHANES
questions address whether breastmilk was fed and when it
was stopped, with similar questions about formula and other
foods or beverages (44). Researchers also called participants
at each time point to obtain 24-hour recalls as another
method to assess breastfeeding and other feeding practices.

Statistical analysis and data monitoring

Descriptive statistics for all continuous variables split by
group are displayed in Table 1. Independent samples #-tests
were used to examine if there were differences between the
treatment and control group on demographics, and y* were
used for categorical variables.

All participants were included in statistical analyses. A
linear mixed model utilizing a heterogeneous covariance
structure was conducted to examine how weight for length
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Table 1 Final interview questions
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What are your thoughts about breastfeeding your baby?

What are your thoughts about using formula to feed your baby?

Tell me your thoughts on when the best time is to begin feeding your baby something other than breastmilk or formula

What types of foods do you think are the best to begin feeding your baby?

What do you think about offering your baby sweetened foods or drinks?

What do you think might cause some babies or children to become overweight?

What information would you like to receive from your healthcare provider about feeding your baby?

What are your thoughts about receiving information about feeding by text messaging?

Table 2 Interview participant demographic and anthropometric

characteristics

Characteristics

Frequencies

Sex, n [%]
Male
Female
Age (years), mean + SD
Race/ethnicity, n [%]
Non-Hispanic, White
Non-Hispanic, Black
Hispanic/Latina
More than one
Primary language, n [%]
English
Spanish
Other languages spoken, n [%]
English
Spanish
Hawaiian
Number of children in household, n [%]
1
2
3
BMI (kg/m?), mean +SD
Male

Female

5[33]
10 [67]
26.1+7.3

3[20]
6 [40]
5 [33]
1[7]

13 [87]
2[13]

2[13]
2[13]
2[13]

2[13]
7[47]
3[20]

34.0+10.1
29.4+4.9

BMI, body mass index; SD, standard deviation.

© mHealth. All rights reserved.

changed over the three time points between the two groups.
This approach was appropriate as there was an increased
amount of missing data at the second and third time points.
We used repeated measures analysis of variance (RM
ANOVA) and repeated measures analysis of covariance (RM
ANCOVA) to compare feeding practices (breastfeeding,
introduction of solids). All data were analyzed using IBM
SPSS (version 25, Armonk, NY). Statistical significance
was set at 0=0.05. An # priori power analysis was conducted
to determine the minimum sample size required to find
statistical significance for RM ANOVA. With a moderate
effect size (f=0.25) and power set to 0.80, results indicated
that a 2 (group) x3 (time) RM ANOVA would require a total
of 37 participants (including a 30% dropout rate). Based
on the study of Gallegos ez a/. (40), who found a significant
difference in breastfeeding rates using a text-messaging
intervention, we expected to find similar improvement in
the outcomes of interest. Effect sizes were not described in
this study; thus, we estimated a moderate effect size.

Results
Qualitative study

Participants

Fifteen parents (10 mothers, 5 fathers) participated in the
qualitative portion of the study (mean age: 26.1+7.3 years).
Approximately 87% of parents spoke English as the
primary language at home (7zble 2). Qualitative analysis
revealed six sub-themes: breastfeeding, attitudes about
introducing solids, feeding opinions, problems related to
feeding or parenting, information through text messaging,
and receiving information. From these sub-themes, we
identified two overarching themes: parental attitudes about
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Table 3 Codes, sub-themes, themes
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Themes Sub-themes

Codes

Parental attitudes about
feeding or parenting

Breastfeeding

Attitudes about introducing solids

Feeding opinions

Problems Related to Feeding or
Parenting

Parental preferences about
feeding information

Information through text messaging

Receiving information

Attitudes about breastfeeding

Breastfeeding barriers

Breastfeeding benefits

Best age to introduce solids

Best foods to introduce solids

How solids should be introduced

Introduction of solids by family members

Reasons to start introducing solids

Attitudes about feeding with formula

Feeding style & responsive feeding attitudes

Attitudes about introducing SSB or foods

Signs a baby is hungry

Causes of picky eating

Causes of early overweight or obesity

Information interested in receiving via text

Attitudes about receiving feeding information by text message
Preferred time and frequency to receive text messages
Information wanted from healthcare provider

Preferred learning style

Sources of information

SSB, sugar-sweetened beverage.

feeding or parenting and parental preferences about feeding
information (7zble 3). No minority themes were identified.

Parental attitudes about feeding or parenting

Opverall, parents viewed breastfeeding positively (Table 4).
Several parents identified specific benefits, such as breast
milk’s nutrient content and its immunological benefits.
Parents also noted differences in responsive feeding with
breastfeeding versus formula feeding. For example, they
expressed that because breastfeeding is “natural”, it is easier
to know when the infant has had enough than when feeding
with formula. Therefore, they felt this was another benefit
to breastfeeding.

Whereas the overall view of breastfeeding was positive,
parents also noted several barriers, such as discomfort
about breastfeeding in public; confusing messages from
healthcare providers; pain while breastfeeding; latching
issues; and scheduling, time, and energy constraints (Zuble 4).

© mHealth. All rights reserved.

Parents preferred breastfeeding to formula feeding but
did not imply that feeding with formula was unhealthy.
Parents of infants mostly agreed that formula is useful
if there is limited time or there are latching problems.
The main reason parents chose to feed formula instead
of breastfeeding was due to the convenience of formula
feeding and barriers to breastfeeding: “I personally like it
because. . .it’s just really quick and easy to pour and shake and put
it in her mouth and to me that’s easier.”

When asked their opinions concerning the best age to
introduce solids, most parents identified 6 months. Most
felt fruits and vegetables were ideal first foods. Parents also
expressed the desire to introduce solids to keep the infant
full longer or because their infant did not seem to be getting
full. In referring to prior experiences with their other
children, many participants shared frustration regarding the
introduction of solids by their extended family members.
They expressed that family members were more likely to

mHealth 2023;9:11 | https://dx.doi.org/10.21037/mhealth-22-31
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Table 4 Themes and illustrative quotes
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Themes lllustrative quotes™

Parental attitudes “I heard it (breastfeeding) helps with the hormones, or it helps keep the hormones in check for mom. And then shrinks
about feeding or your uterus faster and helps you burn calories and stuff so all those are good things.” P9

i

parenting “It (breastfeeding) helps with the baby’s immune system.” P7
“When we’re out | do give it to her because I’m not really comfortable yet with breastfeeding in public like with other
people around.” P3
“I think you should breastfeed, I’'m not because it takes a lot of time and energy and my milk didn’t come in and | would
have to pump like every two hours and I’'m trying to finish the school semester right now so | kinda need the extra time
and energy.” P9
“I personally like it (formula) because...it’s just really quick and easy to pour and shake and put it in her mouth and to me
that’s easier.” P8
“I've heard that your body naturally knows how much to feed the baby. Sometimes I’m worried I’m overfeeding him or
sometimes he’s not hungry, he just needs to burp.” P9
“From what I've read is when you start early with table foods then that leads to obesity.” P2

Parental “I would like to know when to feed more.” P8

f

pre erence.s “We really want to know more on breastfeeding and the effects that it has.” P7

about feeding

information

“The patience, the feeding, sleeping habits like get your rest when the baby is sleeping. Like diapers because some

parents don’t know how often they should use the bathroom.” P5

“I like the more visual approach. | like to read and see the breakdown and the research and the study and the facts.” P2

*, P + number denotes participant number.

feed their infant something they did not want them to have:
“They’re old-fashion and say, ‘Well we did it back then and you
are alive and you didn’t die. (5ic)’ And I'm like, yeah we’re here,
but we’re overweight.”

Parents attributed causes of early pediatric obesity
and picky eating to problems with feeding or parenting.
A majority of participants thought parents were mostly
responsible for picky eating behaviors among their children.
Lack of exposure to new or healthy foods was discussed as
a reason why children grow up to be picky or unhealthy
eaters. Parents also linked early obesity to early introduction
of solids: “From what I've read is when you start early with
table foods, then that leads to obesity.” They also mentioned
unhealthy foods provided by parents or grandparents: “Their
moms and grandparents giving them everything they want.”
Parents also mentioned lack of healthy foods and exercise
due to time, energy, and/or budget constraints. They also
noted other factors that can lead to early overweight or
obesity, such as genetics, children having to finish their
plate, or overfeeding children.

Parental preferences about feeding information
Most participants expressed a desire for more information

© mHealth. All rights reserved.

from their infant’s healthcare provider concerning feeding.
They wanted more information on topics such as what
to feed when, how to start solids, and how much to feed:
“I would like to know when to feed more.” Parents also
expressed diverse opinions on how they wanted to receive
information: “I like the more visual approach” versus “I want
to read it, and I want to believe it for myself. P'm not saying I
don’t trust the doctors, but I want to be able to read for myself.”
In addition, parents expressed positive attitudes toward
receiving feeding information via text. Parents preferred to
receive information about topics such as introducing solids,
increasing feeding, and breastfeeding versus formula feeding
(e.g., “How often am I supposed to increase her feeding?”).

Pilot, randomized, controlled trial: the Baby Bites Text
Messaging Project

Formation of the pilot study

The formative, qualitative data informed the intervention.
Parents participating in the interviews desired practical
information from their pediatricians and also wanted
convenient information. Consequently, the RCT provided
practical information for parents via text. In addition,
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because parents in the qualitative study seemed well aware
of breastfeeding benefits but mentioned communication
barriers, only a few messages focused on benefits of
breastfeeding. Instead, more messages focused on issues
such as what to do if breastfeeding is painful, how to
recognize and respond to hunger and satiety cues, how
to manage breastfeeding in public, or what to do if
you need to take medications. In addition, parents had
misconceptions about reasons for starting solids, such as
identifying solids as a way to keep the baby full instead
of noting the importance of helping a child accept new
flavors or introduce iron-rich foods at an important stage.
Thus, text-messages emphasized repeated offering of new
flavors and careful introduction of textures. Most parents
recommended starting first foods with fruits and vegetables,
whereas practice guidelines suggest iron-rich foods (e.g.,
fortified infant cereals or pureed meats) should be first.
Consequently, text messages made suggestions for iron-
fortified cereals or pureed meats as first foods. These were
designed to focus on addressing perceived barriers, building
self-efficacy, and providing cues to action, which are
constructs of the HBM.

Participants
Participants (n=44) were recruited and consented to
participate in the RCT; however, six never accepted the text
message invitation to enroll. Thus, the initial sample size
for the study was 38 participants (control =17; intervention
=21). Furthermore, two participants in each group
unsubscribed, and six (three in each group) were lost during
following-up over the course of the study due to changes
in phone number or loss of cell service. This resulted in
the final sample size of 28 (control =12; intervention =16);
however, all randomized participants were used in the intent
to treat analysis (see Figure S1 for the flow of participants).
Participants were balanced in terms of numbers of
parents of male vs female infants, parent age and BMI (based
on self-reported height and weight), number of children in
household, and participation in the Special Supplemental
Nutrition Program for Women, Infants, and Children
(WIC) (Table 5). The intervention infants had lower mean
birth weight at baseline, t[35] =2.25, P=0.031, d=0.74.
Birth weight for length percentiles and z-scores were not
significantly different, t[24] =1.70, P=0.10, d=0.67. There
were only two fathers in the control group and no fathers
in the intervention group. There was a higher percentage
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of white participants in the control group compared to
intervention (35.3% versus 14.3%) and a higher percentage
of Hispanic parents in the intervention group compared to
control (61.9% versus 41.2%).

Weight-for-length z-scores and percentiles

Results indicated that there was a significant main effect
of time, F(2, 43.03) =3.26, P=0.04, as well as a significant
main effect for group, F(1, 34.47) =6.90, P=0.01. The test
for interaction effects between time and group was not
statistically significant, P=0.18. By examining marginal
means, it was clear that the full sample increased in birth
weight for length percentile at each time point (Figure 2).
Likewise, the control group had higher weight for length
percentile across all time points (Figure S2 for weight for
length percentiles over time).

Feeding practices

An analysis of breastfeeding practices over time using
Pearson’s x’ was not possible due to expected counts being
less than expected (that is, there were not enough responses
to the surveys at each time point). Pearson’s y’ for the
6-9-month time point also did not indicate an impact of the
intervention on breastfeeding, y’[1] =1.45, P=0.23. Tuble 6
presents the trends in breastfeeding for both groups,
indicating that the intervention group had slightly higher
raw numbers breastfeeding at 6-9 and 12 months. However,
the difference at 12 months was also not statistically
significant, y’[1] =0.24, P=0.63.

Regarding initiating foods besides breastmilk or formula,
14 participants (control =6; intervention =8) reported age of
first feeding solids in the 6-9 or 12-month survey. The age
of first feeding of solids ranged from 5 to 9 months with a
mean of 6.3 months for the control group and 6.5 months
for the intervention group. In the control group, one
participant reported having offered sugar-sweetened
beverages (SSBs), while in the intervention group four
participants denied having done this. Statistical significance
was not calculated as there were only five participants that
answered this question (one in control; four in treatment).
For the person answering “yes” to offering SSBs, they
admitted to offering more than sips or a few ounces on
occasion. In summary, surveys and 24-hour recalls for
breastfeeding and other feeding practices were not available
for all participants at all time points, making the number of
responses variable at each time point (see Table 6).
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Table 5 Demographic and other characteristics of baby bites study groups (parents and children)

Characteristics Control (n=17) Intervention (n=21) Significance
Infant characteristics
Infant gender, n (%) 0.74
Girls 8 (47.1) 11 (52.4)
Boys 9 (52.9) 10 (47.6)
Birth weight (kg), mean + SD 3.43+0.57 3.11+0.30 0.03
Birth weight/length percentile, mean + SD 57.5+33.7 (n=13) 35.8+26.3 (n=13) 0.08
Parent/household characteristics
Parent age (years), mean + SD 27.1£7.5 26.7+4.5 0.84
Parent gender, n (%) 0.11
Fathers 2(11.8) 0(0)
Mothers 15 (88.2) 21 (100.0)
Parent race/ethnicity*, n (%) 0.31
White 6 (35.3) 3(14.3)
Black 4 (23.5) 3(14.3)
Hispanic/Latinx 7(41.2) 13 (61.9)
Asian 0 (0) 2(9.5)
Other 1(5.9) 0(0)
Parent BMI (kg/m?), mean + SD 29.1+5.3 30.3+5.6 0.50
Number of children in household, n (%) n=20 0.84
1 4(23.5) 6 (28.6)
2 7 (41.2) 8(38.1)
3+ 6 (35.3) 6 (28.6)
Enrolled in WIC, n (%) n=15 n=17 0.27
Yes 5 (29.4) 9 (42.9)
No 10 (58.8) 8(38.1)

*, parents were allowed to select all race/ethnicity categories with which they identified. Only one chose more than one. BMI, body mass
index; WIC, Special Supplemental Nutrition Program for Women, Infants, and Children; SD, standard deviation.

Discussion

Key findings

"This mixed methods study involved a qualitative assessment
of a diverse sample of parents’ thoughts and attitudes
towards early obesity and feeding practices and an
assessment of how and what information parents would like
to receive from their infant’s healthcare provider. Based on

© mHealth. All rights reserved.

key themes from the interviews, we developed a pilot-RCT
to test the efficacy of text messages to promote healthier
feeding practices and prevent early obesity. This is the first
US study reporting a theory-based and parent-informed
text-messaging initiative to influence parent feeding
practices to reduce risk of early obesity in a diverse, lower
socioeconomic status (SES) population of parents seeking
well child pediatric healthcare.
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Treatment and control weight for length from birth to
6 months
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Figure 2 Change in treatment and control group weight for length
from birth to 6 months.

Strengtbs and limitations

Limitations of the qualitative research include the small
sample of parents participating in the interviews. In
addition, because few parents agreed to participate in
the interviews/focus groups due to issues such as time
constraints, there was a high probability of selection bias.
Finally, few first-time parents were in this group. This
more experienced group of parents may have had more
knowledge about infant feeding and obesity risks. However,
a strength of this study was the diversity of the participants.
A high percentage were Black and Hispanic/Latina/o
parents (40% and 33 %, respectively), which is similarly
diverse to the clinic population later participating in the
text-messaging intervention.

The RCT portion of the current study was also limited
by small sample size. The number of participants needed
for adequate power was recruited; however, due to low
response rates for surveys sent via text link, the amount of
data available at each time point was significantly lower than
expected. Although the actual dropout rate (approximately
19%) was lower than expected, the poor response rate to
on-line surveys and phone calls greatly reduced the power of
the study to detect differences in groups. Moreover, the lack
of 12-month data points due to the COVID-19 pandemic
contributed to these limitations. Phone number changes and
discontinuation of cell phone service also limited the study.
Even for participants who did not drop out of the study, the
research staff sometimes could not contact the participant
for several weeks due to interruptions in their service. These
issues may be anticipated in many low-income populations,
limiting the usefulness of mHealth on its own as a health
behavior change strategy unless there are alternate means
of communication. In addition, we were unable to blind
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participants to their group assignment because of the nature
of the study involving education, in which participants knew
the type of education they were receiving via text, which
could influence outcomes. Generalizability of this study’s
findings may be limited because of the lack of power and
the specific diversity characteristics of this population in a
single pediatric clinic in Texas, USA. Strengths included
measuring feeding practices over the course of the year, the
inclusion of a diverse population with high WIC use, and
the careful development of the study intervention.

Comparison with similar research

The formative, qualitative study indicated some parental
thoughts about feeding were similar to prior qualitative
studies, while other opinions were different. Most parents
attributed causes of pediatric overweight to improper
nutrition, including starting solids too early, a tendency
to feed infants sweet foods, or not introducing fruits and
vegetables. These findings are similar to a study examining
parental perceptions of childhood obesity in a group of
Canadian parents in which parents believed a healthy diet
and physical activity were important factors in preventing
obesity (45). However, unlike an early study on maternal
feeding practices and childhood obesity in which mothers
expressed frequent concern that their babies were not
getting enough food and the belief that bigger babies were
healthier (28), participants in this study did not express
concern over whether their infants were getting enough,
nor did they mention the desirability of having larger
babies. In the present study, most parents seemed aware that
feeding strategies promoting finishing meals could promote
pediatric obesity.

Explanation of findings

Despite careful development of the text messaging
intervention, there were no positive findings in terms of
changes in weight-for-length percentile or z-score, the
primary targets of the intervention. In addition, there were
no positive changes in breastfeeding duration, frequency
of offering SSBs, timing of introduction of solids, or
first foods. Because this study targeted these outcomes,
these findings were unanticipated. A couple of key issues
may have contributed to the lack of improvements. First,
higher rates of parents in this study were breastfeeding at
baseline (over 90% for each group), with approximately
two-thirds still breastfeeding at 2—4 months (Table 6),
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Table 6 Breastfeeding status by control and intervention group*

mHealth, 2023

6-9 months, n (%)

Mean time breastfeeding

0,
12 months, n (%) (months), mean = SD

Group Baseline, n (%) 2-4 months, n (%)
Control (n=17) 16 (94.1) 11 (64.7) (n=16)
Intervention (n=21) 19 (90.5) 14 (66.7) (n=20)

10 (47.6) (n=18)

6 (35.3) (n=17) 2 (11.8) (n=16) 4.53+4.4 (n=16)

3 (14.3) (n=19) 4.99+4.1 (n=19)

*, the “n” in parentheses indicates the number of participants responding to the survey and/or recall from which breastfeeding status was

determined. SD, standard deviation.

compared to US averages of approximately 84% of women
ever breastfeeding and 46.9% exclusively breastfeeding at
3 months (46). Thus, this sample’s breastfeeding rates were
higher than the national and state averages at baseline and
2-4 months, making improvement challenging. However,
breastfeeding persistence in this study’s groups was lower
compared to national averages at 6 months (30% for
the study versus 58% US) and 12 months (14% for the
intervention group and 11% for the control versus 36%
US). This leads to a second potential contributor to lack of
positive outcomes. Although income data was not gathered,
29% of the control participants and 43% of the intervention
group were enrolled in WIC, an income-based program.
In addition, nearly 65% of the control group and 86%
of the intervention group identified as being non-white.
Breastfeeding persistence has been shown to be lower in
infants from lower-income households and in Mexican-
American and Black infants (47), which likely relates to the
need for mothers to return to work soon after giving birth
in lower income populations, with lower income mothers
being more likely to be Mexican-American or Black (47).
The intervention group in this study had a lower raw
percentage of white participants, who often have higher
breastfeeding persistence.

Similar to the present study’s results, Taveras et al.,
conducted a small study (n=80) comparing interventions
involving pediatricians alone to a health educator
intervention and group parenting workshops and found
no differences in breastfeeding practices or responses to
satiety cues (15). Other studies in pediatric well care have
found significant changes in breastfeeding. For example,
Gross and colleagues were able to demonstrate increases in
exclusive breastfeeding and reduced use of complementary
foods and liquids in a group of over 500 3-month-old
infants (48). Schroeder et al. were also able to demonstrate
improvements in SSB offering and delayed offering of cow’s
milk in parents receiving additional advice during pediatric
well visits (18). In the present study, surveys were sent via

© mHealth. All rights reserved.

text link to parents, who often did not complete them.
Thus, whereas other larger studies of feeding interventions
have shown benefits for breastfeeding or other feeding
practices (18,49), this smaller study, with limited data at the
time points measured, found none.

Other trials have assessed impact of various interventions
on BMI percentile, obesity frequency, or BMI z-score, with
varying results. In PROBIT, a trial to prevent obesity in
around 500 Italian toddlers, there were no differences in
obesity among children receiving additional educational
materials during well child visits (16). In contrast, in a small
study of 47 parent-child parents in the Bronx receiving
well child group visits, Machuca et 4/. showed infants in the
intervention group were less likely to be overweight or obese
at two years compared to control participants (19). Paul
and colleagues found lower weight-for-length percentiles
at age one year in infants who had been randomized to
receive an education intervention during which parents
learned about hunger and satiety and how to deal with
introducing solids plus an intervention to learn about
soothing infants with strategies other than feeding (20).
In contrast, another study seeking to teach pregnant
women about breastfeeding, healthy feeding, and good
sleep strategies found no differences in BMI percentile
at 24 months in the offspring (17). These variable results
may reflect that including social support (19) and intensive
interventions that train parents about responsive feeding (20)
are more effective than studies such as ours, which primarily
involved education without social support.

Implications and actions needed

Based on our findings, we believe future interventions
aimed at influencing infant feeding practices using mHealth
should involve elements of social support. Survey-based data
should be gathered in person. In addition, the intervention
needs to be flexible so that parent contact can be maintained
if they lose or change cell service.
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Conclusions

In summary, this intervention, while carefully developed
and informed by both parent input and selection of an
appropriate HBM on which to base the intervention, found
no improvements in early pediatric obesity or feeding
practices. While the results were unanticipated, text
messaging may still hold promise as a mechanism that can
extend communication with the provider beyond office
visits. The current study was underpowered to detect a
difference in the groups due to participant inconsistency in
answering surveys and attending healthcare appointments,
and the lack of 12-month data due to COVID. In addition,
the number of parents breastfeeding was slightly higher
in the intervention group, suggesting that a study with
better adherence to data collection may have found an
improvement in breastfeeding rates.

Studies indicate text messaging may be a quick and cost-
effective method to communicate important nutrition or
health information, particularly with populations with
higher health risks or more in need of support (50,51).
Because risk for early obesity is present even prior to
infancy due to differences in parental obesity and other
factors, health professionals should consider implementing
future interventions during pregnancy or in populations
who may become pregnant and extend through age two or
pre-school age, as many children become obese by this time.
In addition, while text messaging is a promising avenue,
other mHealth interventions, including online support
groups through social media platforms, may also need to
be considered, along with easily accessible content through
platforms used by younger adults, including TikTok,
Instagram, and others. In addition, if survey or dietary
intake data is needed, gathering it in person at medical
appointments would likely be a better approach, given the
difficulty of contacting parents of infants, especially lower
income parents.

Rising rates of pediatric obesity and consequences of
pediatric obesity in later life (2,4) indicate the need for
new, innovative pediatric obesity interventions. Infancy is a
significant point of intervention and warrants more research
with a focus on finding cost-effective interventions that may
be widely implemented among diverse populations.
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Figure S1 Flow diagram of recruitment, randomization, follow-up and analysis of participants.
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Figure S2 Average weight for length percentile of control versus

intervention groups at baseline, 2—4 months, and 6-9 months.
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Table S1 Sample text messages for intervention participants

HBM construct Group (breastfeeding,

Week delivered targeted formula, or solids) Message
1 Cues to action Breastfeeding For the first few months, feed your baby when he/she seems hungry.
Feeding your new baby when needed makes them feel secure, cry less,
and makes your life easier
1 Cues to action Formula feeding For the first few months, feed your baby when he/she seems hungry.
Feeding your young baby when he/she asks, makes-him/her feel secure,
cry less, and makes your life easier
2 Self-efficacy/ Breastfeeding Breastfeeding may take some time to get used to. Other women did it,
reducing barriers and you can do it too! If breastfeeding is painful, talk with a breastfeeding
specialist. https://goo.gl/iIEgNWi
2 Self-efficacy Formula feeding After feeding, help your baby burp. Hold him/her on your lap or rest him/
her on your shoulder. Gently pat or rub the back. Burping helps the baby
get rid of gas and helps his/her tummy feel better. https://goo.gl/RFc7gk
3 Reducing barriers  Breastfeeding You may feel uncomfortable breastfeeding in public, but there are easy
ways to cover while feeding if you aren’t comfortable. https://goo.gl/iEgNWi
4 Self-efficacy/cues Formula feeding Do not confuse your baby’s cries of boredom, wet or dirty diapers, or
to action feeling sleepy with hunger. Make sure your baby is hungry before offering a
bottle. Your baby may just want a pacifier or to play or be held. https://goo.
gl/RFc7gk
12 Benefits Breastfeeding Keep breastfeeding! It costs much less than formula feeding, which saves
you money
12 Cues to action Formula feeding Your baby needs only formula until 4 to 6 months old. You do not need to
try food or water until 4 to 6 months
16-24 Cues to action/self- Solids When it is time to start solids foods, be sure to put your baby in a high
efficacy chair sitting upright and buckled. Your baby should not be too hungry for
the first feeding, so do the first feeding 1-2 hours after breastfeeding or
bottle feeding
28-32 Cues to action/self- Solids By 7-8 months, your baby may be able to eat a variety of textured foods.
efficacy Try foods that are lumpy, tender-cooked and finely minced, mashed,

ground, and pureed. Have fun trying new foods and textures!
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Table S2 Sample safety text messages for control participants

Week delivered

Message

Week 1

Week 2

Week 2

Week 3

Week 4

Week 5
Week 17

Babies should be put to bed on their BACKS in an infant bed with only a cribsheet. Do NOT use blankets, snugglies, or
crib bumpers. A sleep sack is a good idea. https://goo.gl/MXdg5c

Your baby should have 6 or more wet diapers a day. If not, they may not be getting enough to eat. Contact your baby’s
healthcare provider if you are not sure: XXX-XXX-XXXX

If your baby cries a lot, be sure to take breaks often. If you don’t have anyone to hand your baby to, you may need to
set him/her down in a safe place like a crib or bouncer, for a little while. Then try again

Spend time with your baby and bond. You can sing, talk, or just hold your baby skin-to-skin, and remember, Dad
should bond too

This is your doctor’s team checking in to let you know we are here for you. This can be a trying time. If you feel
overwhelmed, sad, or blue, please call us @ 817-735-2363. We can help. You can also call Postpartum Support
International @ 800-944-4773

Spitting up is very normal. A trick to minimize this is to avoid feeding your baby while lying down

Encourage active play with colorful toys, and don’t forget “tummy time”
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