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Abstract

Background: Prepregnancy maternal obesity and excessive weight gain during pregnancy lead to significant
morbidities in mothers and their children. Mothers who never return to their prepregnancy weight begin subsequent
pregnancies at a greater weight and have a larger propensity for excess gestational weight gain and postpartum
weight retention.

Methods: In this pilot study, 40 postpartum women credentialed to receive postpartum women, infants, and
children (WIC) service were randomized to usual care (‘“WIC Moms’’) or a personalized health intervention
delivered via a SmartPhone (‘‘E-Moms’’). Assessments, including body weight, vital signs, circumferences, and
body composition, were completed at week 0 (6-8 weeks postpartum), week 8, and week 16.

Results: Results are presented as change from week 0 at 16. As per the completers analysis, body weight change
was not different between the groups (WIC Moms vs. E-Moms; 1.8 £0.9 vs. 0.1 £0.9 kg; p=0.10), neither was
the change in percent body fat (1.7+£0.6 vs. 0.1%%0.6%; p=0.90) or waist/hip ratio (—0.01£0.01 vs.
—0.02£0.01 cm; p=0.60). However, due to notable variability in intervention adherence as the study progressed,
participants were classified post hoc as having low (<40% adherence), medium (40%—-70% adherence), or high
adherence (>70% adherence). Participants with high intervention adherence (n=35) had a significant reduction in
body weight (-3.6+1.6 vs. 1.8+0.9kg; p=0.005) and percent body fat (-2.5+1.0 vs. 1.7% +0.6%; p=0.001)
when compared to WIC Moms.

Conclusions: Overall, the E-Moms intervention was not able to decrease postpartum weight retention in women
receiving WIC benefits compared to usual care received through the current WIC program. However, there is
some evidence to suggest improved adherence to the intervention would improve weight management.
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Introduction The most successful weight management programs are in-
tensive, employing frequent in-person contact, a specific die-

HE 2004-2006 PEDIATRIC NUTRITION Surveillance tary prescription, and individualized feedback on body weight

Survey showed that at 6 months postpartum, more than
50% and 25% of pregnant women retained more than 4 and
8 kg of gestational weight gained, respectively.! Mothers who
never return to their prepregnancy weight begin subsequent
pregnancies at a greater weight and have a greater propensity
for excess weight gain, putting them and their offspring at an
elevated risk for morbidities such as gestational diabetes, pre-
eclampsia, large or small gestational age infants, caesarean
sections, preterm birth, and postpartum weight retention.>

change and dietary intake.>® Intensive in-person programs
have several limitations including financial and geographical
barriers that prevent many individuals from obtaining these
services. In-person interventions do not typically provide
timely treatment advice to individuals and have limited scal-
ability, making dissemination of the lifestyle intervention to
large numbers of individuals costly and impractical. >~

New to the mobile health (mHealth) technology domain is
delivery of weight management programs via SmartPhones.

Pennington Biomedical Research Center, Baton Rouge, Louisiana.
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SmartPhones provide a platform for objective data collection
and delivery of data-driven feedback and treatment advice
almost immediately. With SmartPhones, people are ‘‘mobile’’
and less reliant on computers for Internet access.'? Smart-
Phones are the fastest growing segment of the cell phone
malrket,13 and 90% of adults in the United States use Smart-
Phones.'? Minorities are the most frequent users of mobile
Internet, and low-income households are more likely to rely
solely on SmartPhones for Internet access.'* These data clearly
indicate that SmartPhone-based programs could be effective at
reaching individuals with limited access to healthcare.

Thus, the objective of this study, E-Moms: A personalized
mHealth intervention for health and weight loss in postpar-
tum women, is to capitalize on the ease of increased contact
and information delivery through SmartPhones to promote
weight loss and improve diet quality in overweight and obese
postpartum women enrolled in the supplemental nutrition
Women, Infants, and Children’s program.

Materials and Methods

This randomized controlled trial (Clinical trials identifier:
NCT 01751230) is part of the women, infants, and children
(WIC) Periconception Network, which is a cluster of seven
independent studies aimed at understanding the impact of
obesity throughout the periconception period. The Institu-
tional Review Boards (IRB) at Pennington Biomedical Re-
search Center, University of California Los Angeles, and
Louisiana Department of Health and Hospitals approved the
research, and all participants provided written informed
consent before participation.

Participants

Forty women were recruited using IRB-approved bro-
chures at two local WIC clinics in Baton Rouge, LA, during
the first postpartum WIC certification visit. Participants were
required to be postpartum females who gave birth less than
8 weeks ago, =218 years old, overweight or obese (body mass
index [BMI] >25 and <40 kg/mZ), certified for WIC post-
partum services, and English speaking. Participants were
ineligible if they were enrolled in the Nurse Family Part-
nership program, had a multiple gestation in the index
pregnancy, a history of psychiatric conditions or chronic
disease that can impact body weight, appetite, or intake, type
1 diabetes mellitus, or taking medications or supplements to
aid in weight loss.

Design

This study was a prospective, parallel arm, randomized
controlled, trial to test the efficacy of a SmartPhone-based
intervention to promote postpartum weight loss. The par-
ticipants were recruited, screened, and randomized before
7 weeks 6 days postpartum equally to one of two groups:
(1) WIC standard care (WIC Moms) and (2) WIC standard
care and personalized weight management via a Smart-
Phone (E-Moms). The WIC Moms (control) group re-
ceived usual care, that is, standardized advice and services
for postpartum nutrition and weight management through
their WIC clinic, and they did not receive a dietary pre-
scription or personalized weight management services
from the study team.
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Weight loss intervention

Participants enrolled in the E-Moms group received a per-
sonalized lifestyle intervention through the SmartLoss® ap-
plication, which has been described previously.'> In brief, the
participants were given access to the SmartL.oss SmartPhone
application and an iPhone through which a weight loss lifestyle
intervention tailored to postpartum women was delivered. The
application included near real-time weight and activity mon-
itoring, scheduled delivery of health information, and inter-
ventionist feedback.

To track weight and activity, participants were provided a
BodyTrace® scale and a Fitbit Zip® accelerometer. Weight and
steps were wirelessly transmitted via cellular and Bluetooth
technology and plotted on a weight and step graph found in the
SmartLoss App and interventionist webportal once daily. This
allowed near real-time monitoring by both the participant and
interventionist (LAG, Registered Dietitian). The weight graph
included an individualized postpartum weight loss zone that
provided a weight loss goal of 10% % 3% of enrollment weight
at 16 weeks.'® Instead of following a caloric prescription, the
participants were oriented to the weight graph and counseled to
keep their body weight within their ideal weight zone by ad-
justing energy intake and expenditure accordingly. Body
weights above or below the zone for ~3 consecutive days
triggered supportive personalized treatment advice from the
interventionist (delivered remotely through phone conversa-
tions, email, and text messages).

An individualized step count goal was given to each par-
ticipant. The initial step count goal was 500 steps/day over
the baseline steps/day measured by the SenseWear Armband
at week 0. The step goal was then increased 500 steps/day
each week. In addition to objective assessment of daily
weight and step data, the behavioral intervention was deliv-
ered through a series of 16 SmartTips that were automati-
cally sent to the participant on a weekly basis through the
SmartLoss application.

The SmartTips included information on diet, physical ac-
tivity, and behavior modification used in previous large
weight loss trials'”'® tailored to weight loss specifically for
the WIC population. Topics included meal planning, incor-
poration of WIC-approved foods into a healthy diet, healthy
eating on a budget, portion control, macro- and micronutrient
information, overcoming barriers to lifestyle change, con-
trolling food and hunger cues, mindful eating, methods to
reduce stress and improve sleep, and recommendations to
increase physical activity. The SmartTips also allowed par-
ticipants to follow ““Mia,”” a fictitious new mom through her
own postpartum weight loss journey. Each tip concluded with
a short interactive activity to assess understanding of the
material and provide a list of behavior change goals for the
coming week to put the new information into practice.

Clinic measurements

After assessing eligibility at a screening visit, eligible
participants were evaluated for outcome assessments at
baseline (week 0) and after 8 and 16 weeks of the interven-
tion. Assessments were performed by study personnel ac-
cording to standard operating procedures at one of the two
collaborating WIC clinics or at Pennington Biomedical Re-
search Center. The clinic visits included measurement of
height (screening visit only), weight, blood pressure and heart
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rate, weight and hip circumferences, and body composition
and administration of questionnaires.

Anthropometrics. Height was measured in duplicate us-
ing a wall-mounted stadiometer. With shoes removed, the
participant stood with the head held in a Frankfurt plane by a
second study staff member, while the measure was being read.

Weight was measured in duplicate, while participants were
wearing underwear or light clothing using a Tanita BWB-
800S scale. Weights were not required to be fasting and the
date and time of the last meal were recorded.

Study enrollment BMI was calculated at the screening visit
as weight (kg)/height’ (m?). Eligible participants were re-
quired to have a BMI 25-40 kg/m>.

Waist and hip circumferences. Waist and hip circum-
ferences were measured with participants wearing underwear
and the gulick positioned at the narrowest width of the waist
and broadest width of the hips/buttocks, respectively.

Body composition. Body fat percentage was measured in
triplicate using a Tanita SC-240 foot to foot bioelectrical
impedance analyzer.

Questionnaires. At the screening visit, a lifestyle inter-
view was conducted to identify potential barriers to study
participation and a study-specific screening questionnaire
assessing socioeconomic status, ethnicity, education, and
obstetrical and gynecological history was administered. At
week 0 and 16 visits, the Breastfeeding Self-Efficacy Short
Form, adapted from the Southampton Women’s Survey and
CDC Infant Feeding Practices Study,'?" assessed influences
on breastfeeding decisions, initiation and duration of breast-
feeding, duration of exclusive breastfeeding, and timing of
introduction of water and complementary fluids. To investi-
gate the association between breast feeding and weight
change, women were grouped into those who reported
breastfeeding at least 1 week during the study and those who
did not breastfeed during the study.

Statistical analysis

The data analysis for this article was generated by a biostat-
istician (J.H.B.) using SAS/STAT software, Version 9.4 of the
SAS System for Windows® (SAS Institute, Inc., Cary, NC). All
tests were evaluated using significance level a=0.05. Both, a
completer analysis and an intent-to-treat analysis with baseline
values carried forward were performed. Both analyses drew the
same statistical conclusion unless otherwise stated.

The primary outcome, change in weight following the 4-
month intervention, was investigated in several ways. First, a
linear mixed model was used to compare absolute change in
weight between the intervention and control groups. A simple
model with only fixed effects for treatment group, time, and
their interaction was constructed. A random subject effect
was included to account for intra-individual correlations over
time. Using adjusted means from the model, two-sample t-
tests were used to compare the two groups. This same method
was used to assess absolute change in secondary outcome
body fat percentage, waist circumference, hip circumference,
and waist-to-hip ratio.

721

In addition to comparisons of outcomes between treatment
groups, differences in outcomes based on intervention adher-
ence were investigated post hoc. Adherence was defined in
terms of the number of days participants weighed themselves
and the number of days participants’ step counts were recorded
from the FitBit Zip. An expected number of days for logged
weights and recorded steps was determined for each participant.
Based on the distribution of data, women were divided into three
adherence groups defined to meaningfully categorize the par-
ticipants, while maintaining a near balance in adherence group
sample sizes. Low adherence for both metrics was defined as
meeting <40% of these expectations (1-3 days of engagement
per week), medium adherence was meeting 40.1%—70% (3—
5 days of engagement per week), and high adherence was
meeting >70% (5 or more days of engagement per week). To
determine overall adherence, these two adherence percentages
were averaged. The same analyses described above for treat-
ment groups were applied to these data to compare outcomes
among the three adherence groups and the control group.

A power analysis was conducted for the intent-to-treat
analysis of the primary outcome variable, weight change (kg)
from week O to the end of the 4-month intervention. Variance
estimate and effect sizes were based on data from our re-
search group as well as published studies.?'** With an initial
sample size of 20 participants per group and assuming f >
0.80, o.=0.05, two-directional tests, a variance of 6.9 kg, and
10% attrition, a minimum detectable difference of 0.91 kg in
weight change between groups and a 6.3 kg minimal detect-
able difference within each group can be detected.

Results

Five participants (WIC Moms, n=4 and E-Moms, n=1)
were lost to follow-up resulting in an attrition rate of 12.5%
(Fig. 1). Results are presented for the 35 completers and
stratified based on intervention adherence.

148 screened

L +—
80% eligible

Phone Screening

v

Screening Visit

v

Randomized
n=40

i g

WIC Moms
n=20
4 dropped

47 completed

74% eligible i

E-Moms
n=20
1 dropped

Completed
n=35

FIG.1. CONSORT diagram. One hundred and forty-eight
individuals completed webscreening. Forty-seven individu-
als came to the clinic and completed a screening visit, and of
those, 40 were randomized. Five participants dropped or
were lost to follow-up, resulting in 35 participants who
completed the study.
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Baseline characteristics

Baseline characteristics are summarized in Table 1. Par-
ticipants predominantly identified as African American
(74%) were 26+5.4 years old and had a parity of 2t 1.
Nineteen participants reported beginning the index preg-
nancy as obese, 14 as overweight, 1 as normal weight, and 1
unknown. Average self-reported gestational weight gain was
14.5+£8.6kg with 12% gaining below the 2009 Institute of
Medicine gestational weight gain guidelines, 20% within,
and 68% exceeding. Enrollment BMI at 6-8 weeks postpar-
tum was 32+ 3 kg/m? (range: 25.6-37.0 kg/m?) and body fat
percentage of 40% +4.3%. There were no differences in
baseline characteristics between the WIC Moms and E-
Moms groups in the completer analysis. Within the E-Moms
adherence groups, the high adherence group (n=35) was
significantly older than the low adherence group (n=7)
(32.3+£5.4 vs. 23.0£2.7 years; p=0.03), but neither differed
significantly from the WIC Moms group (27.2+6.1 years).
All of the individuals who were lost to follow-up were black.
Inclusion of these individuals in the intent-to-treat analysis
resulted in a significant difference in race distribution when
the groups were stratified by adherence.

Weight change

Weight was maintained during the 16-week study in both
groups, and completer analysis suggested no difference
(p=0.10) in weight change between the WIC Moms (1.8t
0.9kg; p=0.05) versus E-Moms (0.1 £0.9 kg; p=0.92) groups.
Weight change was variable among individuals (range: —8.7 to
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10.8kg; Fig. 2). If weight maintenance was considered to be
t1kg, 14 (40%) women lost weight, 2 (5.7%) maintained
weight, and 19 (54.3%) gained weight. When intervention ad-
herence was stated as a continuous variable (range: 5.4%-—
94.2%), weight change negatively correlated with adherence
(R=0.52; p=0.02). When weight change was stratified by ad-
herence as a categorical variable, E-Moms participants with high
adherence had a significant reduction in body weight (—3.6% 1.6;
p=0.03) when compared to the WIC Moms (-5.4=%1.8;
p=0.005). For those participants who had medium and low
adherence to the intervention, weight change at week 16 (me-
dium (n=7): -0.4x1.3kg; p=0.75; and low: 2.7+ 1.3; p=0.04)
did not differ from the WIC Moms group (p=0.17 and 0.56,
respectively). Weight change was different between the high and
low adherers (p=0.004), but not different between the high and
medium adherers (p=0.13). In the intent-to-treat analysis,
weight change within the low adherence group was not signifi-
cant 2.4t1.2; p=0.05).

Indicators of body composition change

In 16 weeks, WIC Moms gained 2.1% body fat (p=0.002),
while the E-Moms group saw no change in body fat per-
centage (0.03% £0.58%; p=0.96; Fig. 3), and this was dif-
ferent between the groups (p=0.02). With baseline values
carried forward in the intent-to-treat analysis, estimates and
standard errors changed slightly (WIC Moms: 1.7% +0.54%;
p=0.004 and E-Moms: 0.06 £0.54; p=0.91) and resulted in a
significant difference between the WIC Moms and E-Moms
groups (1.6% +0.77%; p=0.04). Similar to weight change,
body fat percentage decreased in the E-Moms group who had
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FIG. 2. Weight change from baseline
(week 0) to week 16. (A) Individual body
weight change over 16 weeks. Completer
analysis showed no difference in body
weight change between E-Moms (black
bars) and WIC Moms (white bars). (B)
Body weight change stratified based on ad-
herence to the E-Moms intervention. WIC
Moms (white bar) and those who had low
adherence to the E-Moms intervention (light

6 -

Body weight change from Week0 0
kg
)

gray bar) experienced increased body
weight from baseline with no significant
difference between the two groups. Those
with high adherence to the E-Moms inter-
vention (black bars) decreased body weight
from baseline and the change in body weight
was significantly different from the WIC
Moms and E-Mom low adherence groups.
Superscripts a or b denote a significant
(p<0.05) within-group change from base-
line. Different superscripts denote signifi-
cant (p<0.05) between-group differences.
WIC, women, infants, and children.

@ E-Moms High Adherers

@ E-Moms Medum Adherers
[J E-Moms Low Adherers

[0 WIC Moms
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) ) 6.0
FIG. 3. Changes in body composi-
tion indicators (% body fat, waist cir- i

cumference, and hip circumference)
from baseline (week 0) stratified by a
adherence to the E-Moms intervention. 2.0 :
Body fat percentage increased signifi-
cantly from baseline in the WIC Moms

group (white bars) and decreased sig- o

nificantly in the E-Moms high adher-

ence group (black bars). Body fat 2.0

percentage change from baseline was

significant between the two groups. 40

Hip circumference decreased from b
baseline and in relation to the other

groups in the high adherence -6.0

group. Superscripts a or b denote a

significant (p <0.05) within-group 8.0

change from baseline. Different
superscripts denote significant
(p<0.05) between-group differences.

high intervention adherence (—2.5% +1.0%; p=0.02). No
change in waist circumference, hip circumference, and waist—
hip ratio was seen in any group, except for a decrease in hip
circumference in the E-Moms group who had high adherence
to the intervention (=5.0% 1.7 cm; p=0.006). Due to slight in-
creases in hip circumference in the low adherence (2.8 = 1.4 cm;
p=0.06) and medium adherence (0.96+1.44; p=0.51) groups,
change in hip circumference differed between those who had
high adherence to the intervention verses those who had low
adherence (p=0.001) and medium adherence (p=0.01) to the
intervention.

Blood pressure

Systolic and diastolic blood pressure decreased from baseline
in both WIC Moms (systolic: —=5.3 2.6 mmHg and diastolic:
—3.8+£2.2 mmHg) and E-Moms (systolic: —=5.1 +2.4 mmHg and
diastolic: —1.9 + 2.1 mmHg) groups. The change from baseline in
systolic (p=0.96) and diastolic (p=0.54) blood pressure was
not significant between the two groups. In addition, no differ-
ences were seen when the E-Moms group was stratified by ad-
herence (p>0.05).

Breast feeding and weight change

Ten women reported breast feeding for at least 1 week
during the study (range: 6-16 weeks) and 25 women did not.
Weight change did not significantly differ between those who
breastfed during the study (1.75+ 1.4kg) and those who did
not (0.4+£0.9kg; p=0.43).

Discussion

Excessive gestational weight gain and postpartum weight
retention contribute to increasing BMI of reproductive-age
females.? Overall, the E-Moms SmartLoss mHealth inter-
vention delivered over 16 weeks was not able to decrease
postpartum weight retention in women receiving WIC ben-
efits compared to usual care received through the current
WIC program. Other mHealth weight loss interventions have
found similar results, reporting a net weight loss of no more
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Waist Circumference (cm)

Hip Circuference (cm)

M E-Moms High Adherers

M E-Moms Medium Adherers
[ E-Moms Low Adherers

[ WIC Moms

than 2 kg after a 6-month health intervention when compared
to control.”>2® Due to negligible weight change, it is not
surprising that body composition indicators and blood pres-
sure were also unaffected.

The majority of participants (71%) did not breastfeed or
stopped breastfeeding before study start. Due to study en-
rollment occurring at 8 weeks postpartum, the intervention
did not focus on breastfeeding as most breastfeeding prac-
tices were established before study start. The effect of
breastfeeding on postpartum weight loss in our study is dif-
ficult to isolate from other confounding factors, and thus, the
available evidence is heterogeneous and does not show a
strong association between breastfeeding and postpartum
weight loss.?” Larger, more robust studies are needed to as-
sess the influence of breastfeeding on postpartum weight loss.

Intervention adherence was variable among participants
with objective data transmitted from the body weight scale
and accelerometer showing that some individuals were en-
gaged at least 5 days per week and others not engaged at all.
The women who had high adherence to self-monitoring did
see a modest reduction in their body weight, body fat per-
centage, and hip circumference throughout the 16-week
postpartum intervention when compared to the WIC Moms
group who experienced weight gain. Individuals who had
high adherence to the E-Moms intervention decreased body
fat percentage by 2.5%, which is consistent with other weight
loss trials that achieved caloric restriction through diet and
exercise modifications.”®?® Age at study enrollment was the
only significant baseline characteristic difference between
the adherence groups. However, with the small sample size
and limited number of participants with high adherence,
discerning demographic differences between the adherence
groups is limited. In addition, other behaviors and charac-
teristics not assessed during the study could further explain
adherence and outcome differences.

Whether deployed in an mHealth or in-person interven-
tion, increased self-monitoring, including weight and physi-
cal activity monitoring, has been associated with increased
weight loss and successful weight management.’** As ex-
pected, similar to self-monitoring, an increased intervention
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engagement is associated with an increased weight loss.*>=’

Despite near real-time feedback and increased frequency of
communication and access to health information, mHealth
interventions have the potential to be more passive than in-
person interventions. Participants may more easily disengage
by ignoring remote communication attempts (i.e., texts,
emails, and phone calls) and decrease adherence to recom-
mendations without the accountability of a face-to-face in-
tervention, especially as the study progresses.*®° mHealth
interventions may struggle to provide a dynamic intervention
that motivates and encourages the participant to meet goals
and remain engaged.*™** While barriers to adherence and
participation to the E-Moms intervention were not directly
assessed, independent qualitative studies report barriers such
as lack of knowledge and skills (which alludes to issues of
health disparities), lack of child care or presence of other
family duties, lack of time or work schedules, inadequate
access to the needed foods, and stress. >+ Indeed, it is likely
that many, if not all, of these factors may have impacted the
desire and ability of E-Moms participants’ to participate fully
in the intervention. As a result, mHealth research and devel-
opers are charged to develop weight management interven-
tions that integrate pillars of successful weight management
interventions (e.g., self-monitoring and frequent, near real-
time personalized feedback) with consistent motivation and
reasons for engagement.

Pertinent to the WIC population who face health dis-
parities, behavior change interventions should be more
carefully developed with input from these groups to help
overcome many of the stated barriers. Strategies to improve
intervention engagement may include the use of peer-led
programs, addition of a gamification component, deepening
staff and participant relationships with video conferencing or
in-person activities,* use of social networking or involve-
ment of family and/or friends to increase social support,***¢
delivery of participant-centered nutrition and health infor-
mation,*’ and additional assistance with recommended foods
for weight loss such as fruits, vegetables, and portion-
controlled foods. Herring et al.*® deployed a similar, yet
successful (-3.6 kg difference between treatment and usual
care), technology-based weight loss intervention in urban
low-income mothers, which engaged participants via social
networking (Facebook support group), and provided an in-
centive to respond to health coaches’ text by conducting
raffles for gift certificates on a monthly basis. As observed
in the current trial, intervention adherence led to greater
weight loss.

While intensive, in-person lifestyle interventions are the
most effective behavioral weight loss treatment, frequent in-
person counseling led by a trained interventionist is not al-
ways possible.*’ To decrease the burden on both the clinician
and the client, the efficacy of alternative modes of weight
management intervention delivery such as mHealth-based
interventions for pregnant and postpartum moms are being
tested.’®>! In this pilot and feasibility study, we successfully
partnered with local WIC clinics and deployed a mHealth
weight management intervention. In a population that is tra-
ditionally difficult to recruit and retain,’ 052 40 women were
enrolled within 1 year and 88% of the participants completed
the 16-week study (95% retention in the intervention group).
The increased retention in the E-Moms group may have been
aresult of an increased contact with the participants by nature
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of the study design, and the majority of the participants in
the intervention were loaned a SmartPhone that provided a
consistent mode of contact. In most cases, contact with the
WIC Moms group was lost due to changes in address and
phone numbers, and women not returning to the local clinic
for routine WIC appointments, preventing follow-up. Similar
retention and engagement challenges have been reported by
Foster et al., including gaps in communication due to monthly
renewal of limited cellular plans and lost cell phones.>

WIC serves ~ 2 million women of childbearing age in the
United States™* and the average interpregnancy interval in the
United States is 34 months.”> Therefore, the postpartum pe-
riod of one pregnancy is also the prepregnancy period of an-
other. With children eligible for WIC benefits until their fifth
birthday, the likelihood that a woman will become pregnant
again before ending WIC benefits with her first child is high.
Together with the observation that without intervention
mothers gained 4-6kg in the first year postpartum,’®>’ WIC
is an ideal setting to integrate weight management programs
aimed to attenuate the weight gain observed during the re-
productive years, while improving preconception health of the
mother. A programmatic shift to focus on weight management
would positively impact the health of more than just the
mother as the mother’s weight status directly influences the
health of her developing fetus”®°° and her family.*"** Col-
laboration and increased communication (e.g., shared elec-
tronic medical records) with other subsidized programs such
as the Supplemental Nutrition Assistance Program, Medicaid,
and Healthy Start would improve the continuum of care and
ease the financial and logistical burden of implementing a
weight management program in WIC, potentially improving
the health and well-being of millions of Americans.

Conclusions

Opverall, the E-Moms SmartLoss mHealth intervention was
not able to decrease postpartum weight retention in women
receiving WIC benefits compared to usual care received
through the current WIC program. However, the intervention
was effective in those women who were adherent to the
intervention. Therefore, further development of mHealth
lifestyle interventions to improve adherence is needed. In-
terventions that successfully engage WIC participants may
complement standard of care and facilitate weight loss during
the postpartum period and reduce postpartum weight reten-
tion. Given that this is also the likely interpregnancy interval
for subsequent pregnancies, further research is needed to
improve individual engagement and adherence to mHealth
interventions for low socioeconomic women, to improve the
health of millions served by WIC.

Acknowledgments

The authors wish to thank the Louisiana Department
of Health and Hospitals; Louisiana Woman, Infants, and
Children; Emily Fontenot and all of the staff at Capitol City
Family Health Clinic and Martin Luther King Community
Center; and Melissa Guillory, Donna Richards, and all the
staff at Wooddale WIC Clinic for welcoming our staff into
the WIC clinics and their unwavering support of the study.
Their selfless service to others is evident in all that they do.
This work was supported by the United States Department
of Agriculture through UCLA Small Grants Program



726

(UCLA Subaward No. 1920 G QA123; L.M.R.) and support
of LAG by T32DK064584. This work was supported, in part
(J.H.B.), by 1 U54 GM 104940 from the National Institute of
General Medical Sciences of the National Institutes of
Health, which funds the Louisiana Clinical and Transla-
tional Science Center.

Author Disclosure Statement

Drs. Gilmore, Myers, Klempel, and Burton and Ms. Sutton

report no conflicts of interest. SmartLoss is a registered
trademark of the Louisiana State University System, with the
trademarked approach having been developed by Drs. Martin
and Redman.

References

1.

10.

12.

13.

IOM. Weight gain during pregnancy: reexamining the
guidelines. In: Rasmussen KM, Yaktine AL, eds. Institute
of Medicine (US) and National Research Council (US)
and Committee to Reexamine IOM pregnancy weight
guidelines. Washington, DC: IOM, 2009.

. Cohen AK, Chaffee BW, Rehkopf DH, Coyle JR, Abrams

B. Excessive gestational weight gain over multiple preg-
nancies and the prevalence of obesity at age 40. Int J Obes
(Lond) 2014;38:714-718.

. Bhattacharya S, Campbell DM, Liston WA. Effect of body

mass index on pregnancy outcomes in nulliparous women
delivering singleton babies. BMC Public Health 2007;7:168.

. Leddy MA, Power ML, Schulkin J. The impact of maternal

obesity on maternal and fetal health. Rev Obstet Gynecol
2008;1:170-178.

. Artal R, Catanzaro RB, Gavard JA, Mostello DJ, Friganza

JC. A lifestyle intervention of weight-gain restriction: Diet
and exercise in obese women with gestational diabetes
mellitus. Appl Physiol Nutr Metab 2007;32:596-601.

. Claesson IM, Sydsjo G, Brynhildsen J, et al. Weight gain

restriction for obese pregnant women: A case-control in-
tervention study. BJOG 2008;115:44-50.

. Muktabhant B, Lawrie TA, Lumbiganon P, Laopaiboon M.

Diet or exercise, or both, for preventing excessive weight
gain in pregnancy. Cochrane Database Syst Rev 2015;6:
CD007145.

. Vesco KK, Karanja N, King JC, et al. Efficacy of a group-

based dietary intervention for limiting gestational weight
gain among obese women: A randomized trial. Obesity
(Silver Spring) 2014;22:1989-1996.

. Espeland MA, Glick HA, Bertoni A, et al. Impact of an

intensive lifestyle intervention on use and cost of medical
services among overweight and obese adults with type 2
diabetes: The action for health in diabetes. Diabetes Care
2014;37:2548-2556.

Hernan WH, Brandle M, Zhang P, et al. Costs associated
with the primary prevention of type 2 diabetes mellitus in the
diabetes prevention program. Diabetes Care 2003;26:36-47.

. Hoskin MA, Bray GA, Hattaway K, et al. Prevention of di-

abetes through the lifestyle intervention: Lessons learned from
the diabetes prevention program and outcomes study and its
translation to practice. Curr Nutr Rep 2014;3:364-378.
Center PR. Mobile technology fact sheet. 2014. Available
at: www.pewinternet.org/fact-sheets/mobile-technology-
fact-sheet/ Accessed December 21, 2015.

Center PR. Smartphones, tablets grew in recent years; other
devices declined or stayed flat. 2015. Available at: www

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

GILMORE ET AL.

.pewinternet.org/2015/10/29/technology-device-ownership-
2015/pi_2015-10-29_device-ownership_0-01/ Accessed
November 20, 2015.

. Smith A. Cell internet use 2012. Internet, Science and

Tech. 2012. Available at: www.pewinternet.org/2012/06/
26/cell-internet-use-2012/ Accessed October 13, 2015.
Martin CK, Gilmore LA, Apolzan JW, Myers CA, Thomas
DM, Redman LM. Smartloss: A personalized mobile health
intervention for weight management and health promotion.
JMIR Mhealth Uhealth 2016;4:e18.

Thomas DM, Schoeller DA, Redman LM, Martin CK,
Levine JA, Heymsfield SB. A computational model to de-
termine energy intake during weight loss. Am J Clin Nutr
2010;92:1326-1331.

Rickman AD, Williamson DA, Martin CK, et al. The
CALERIE study: Design and methods of an innovative
25% caloric restriction intervention. Contemp Clin Trials
2011;32:874-881.

Look ARG, Wadden TA, West DS, et al. The look AHEAD
study: A description of the lifestyle intervention and the
evidence supporting it. Obesity (Silver Spring) 2006;14:
737-752.

Fein SB, Labiner-Wolfe J, Shealy KR, Li R, Chen ],
Grummer-Strawn LM. Infant feeding practices study II:
Study methods. Pediatrics 2008;122 Suppl 2:S28-S35.
Marriott LD, Inskip HM, Borland SE, et al. What do babies
eat? Evaluation of a food frequency questionnaire to assess
the diets of infants aged 12 months. Public Health Nutr
2009;12:967-972.

Martin CK, Miller AC, Thomas DM, Champagne CM, Han
H, Church T. Efficacy of SmartLoss, a smartphone-based
weight loss intervention: Results from a randomized con-
trolled trial. Obesity (Silver Spring) 2015;23:935-942.
Jeffery RW, Wing RR, Thorson C, Burton LR. Use of
personal trainers and financial incentives to increase exer-
cise in a behavioral weight-loss program. J Consult Clin
Psychol 1998;66:777-783.

Svetkey LP, Batch BC, Lin PH, et al. Cell phone intervention
for you (CITY): A randomized, controlled trial of behavioral
weight loss intervention for young adults using mobile
technology. Obesity (Silver Spring) 2015;23:2133-2141.
Cavallo DN, Sisneros JA, Ronay AA, et al. Assessing the
feasibility of a web-based weight loss intervention for low-
income women of reproductive age: A pilot study. JMIR
Res Protoc 2016;5:e30.

Oh B, Cho B, Han MK, et al. The effectiveness of mobile
phone-based care for weight control in metabolic syndrome
patients: Randomized controlled trial. JMIR Mhealth
Uhealth 2015;3:e83.

Khokhar B, Jones J, Ronksley PE, Armstrong MJ, Caird J,
Rabi D. Effectiveness of mobile electronic devices in
weight loss among overweight and obese populations: A
systematic review and meta-analysis. BMC Obes 2014;1:22.
Neville CE, McKinley MC, Holmes VA, Spence D,
Woodside JV. The relationship between breastfeeding and
postpartum weight change—A systematic review and crit-
ical evaluation. Int J Obes (Lond) 2014;38:577-590.
Racette SB, Weiss EP, Villareal DT, et al. One year of
caloric restriction in humans: Feasibility and effects on
body composition and abdominal adipose tissue. J Gerontol
A Biol Sci Med Sci 2006;61:943-950.

Jakicic JM, King WC, Marcus MD, et al. Short-term weight
loss with diet and physical activity in young adults: The
IDEA study. Obesity (Silver Spring) 2015;23:2385-2397.



POSTPARTUM WEIGHT LOSS INTERVENTION IN WIC PARTICIPANTS

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Zheng Y, Sereika SM, Ewing LJ, Danford CA, Terry MA,
Burke LE. Association between self-weighing and per-
cent weight change: Mediation effects of adherence to
energy intake and expenditure goals. J Acad Nutr Diet
2016;116:660-666.

Lim S, O’Reilly S, Behrens H, Skinner T, Ellis I, Dunbar
JA. Effective strategies for weight loss in post-partum
women: A systematic review and meta-analysis. Obes Rev
2015;16:972-987.

Linde JA, Jeffery RW, French SA, Pronk NP, Boyle RG.
Self-weighing in weight gain prevention and weight loss
trials. Ann Behav Med 2005;30:210-216.

Butryn ML, Phelan S, Hill JO, Wing RR. Consistent self-
monitoring of weight: A key component of successful weight
loss maintenance. Obesity (Silver Spring) 2007;15:3091—
3096.

Moller HJ, Hohe-Schramm M, Cording-Tommel C, et al.
The classification of functional psychoses and its implica-
tions for prognosis. Br J Psychiatry 1989;154:467-472.
Funk KL, Stevens VJ, Appel LJ, et al. Associations of in-
ternet website use with weight change in a long-term weight
loss maintenance program. J Med Internet Res 2010;12:e29.
Brindal E, Freyne J, Saunders I, Berkovsky S, Smith G,
Noakes M. Features predicting weight loss in overweight or
obese participants in a web-based intervention: Rando-
mized trial. J] Med Internet Res 2012;14:e173.

Bennett GG, Herring SJ, Puleo E, Stein EK, Emmons KM,
Gillman MW. Web-based weight loss in primary care: A
randomized controlled trial. Obesity (Silver Spring) 2010;
18:308-313.

Partridge SR, Allman-Farinelli M, McGeechan K, et al.
Process evaluation of TXT2BFiT: A multi-component
mHealth randomised controlled trial to prevent weight gain
in young adults. Int J Behav Nutr Phys Act 2016;13:7.
Merchant G, Weibel N, Patrick K, et al. Click “like” to
change your behavior: A mixed methods study of college
students’ exposure to and engagement with Facebook content
designed for weight loss. J] Med Internet Res 2014;16:¢158.
Tatara N, Arsand E, Skrovseth SO, Hartvigsen G. Long-
term engagement with a mobile self-management system
for people with type 2 diabetes. JMIR Mhealth Uhealth
2013;1:el.

Chen J, Cade JE, Allman-Farinelli M. The most popular
smartphone apps for weight loss: A quality assessment.
JMIR Mhealth Uhealth 2015;3:e104.

Giroux D, Bacon S, King DK, Dulin P, Gonzalez V. Ex-
amining perceptions of a smartphone-based intervention
system for alcohol use disorders. Telemed J E Health
2014;20:923-929.

French SA, Jeffery RW, Story M, Neumark-Sztainer D.
Perceived barriers to and incentives for participation in a
weight-loss program among low-income women in WIC. J
Am Diet Assoc 1998;98:79-81.

Anderson CK, Walch TJ, Lindberg SM, Smith AM, Lind-
heim SR, Whigham LD. Excess gestational weight gain in
low-income overweight and obese women: A qualitative
study. J Nutr Educ Behav 2015;47:404-411 e401.
Buscemi J, Blumstein L, Kong A, et al. Retaining tradition-
ally hard to reach participants: Lessons learned from three
childhood obesity studies. Contemp Clin Trials 2015;42:98—
104.

Clarke KK, Freeland-Graves J, Klohe-Lehman DM, Boh-
man TM. Predictors of weight loss in low-income mothers
of young children. J Am Diet Assoc 2007;107:1146-1154.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

727

Kraschnewski JL, Chuang CH, Poole ES, et al. Paging ‘“Dr.
Google’’: Does technology fill the gap created by the pre-
natal care visit structure? Qualitative focus group study
with pregnant women. J Med Internet Res 2014;16:e147.
Herring SJ, Cruice JF, Bennett GG, Davey A, Foster GD.
Using technology to promote postpartum weight loss in
urban, low-income mothers: A pilot randomized controlled
trial. J Nutr Educ Behav 2014;46:610-615.

Jensen MD, Ryan DH, Apovian CM, et al. 2013 AHA/
ACC/TOS guideline for the management of overweight and
obesity in adults: A report of the American College of
Cardiology/American Heart Association Task Force on
Practice Guidelines and The Obesity Society. J Am Coll
Cardiol 2014;63:2985-3023.

Phelan S, Brannen A, Erickson K, et al. ‘Fit Moms/Mamas
Activas’ internet-based weight control program with group
support to reduce postpartum weight retention in low-
income women: Study protocol for a randomized controlled
trial. Trials 2015;16:59.

Redman L, Breaux J, Thomas DM, et al. SmartMomsTM:
A novel smartphone intervention is effective at reducing
gestational weight gain in overweight and obese pregnant
women. Obesity week. Los Angeles, CA, 2015.

Yancey AK, Ortega AN, Kumanyika SK. Effective re-
cruitment and retention of minority research participants.
Annu Rev Public Health 2006;27:1-28.

Foster J, Miller L, Isbell S, Shields T, Worthy N, Dunlop
AL. mHealth to promote pregnancy and interconception
health among African-American women at risk for adverse
birth outcomes: A pilot study. mHealth 2015;1:20.

US Department of Agriculture Food and Nutrition Service.
WIC Program: National Level Annual Summary FY1974-
2014. 2015; www.fns.usda.gov/pd/wic-program Accessed
November 22, 2015.

Gemmill A, Lindberg LD. Short interpregnancy intervals in
the United States. Obstet Gynecol 2013;122:64-71.
Walker LO. Low-income women’s reproductive weight pat-
terns empirically based clusters of prepregnant, gestational,
and postpartum weights. Womens Health Issues 2009;19:398—
405.

Olson CM, Strawderman MS, Hinton PS, Pearson TA.
Gestational weight gain and postpartum behaviors associ-
ated with weight change from early pregnancy to 1y post-
partum. Int J Obes Relat Metab Disord 2003;27:117-127.
Jahan-Mihan A, Rodriguez J, Christie C, Sadeghi M, Zerbe T.
The role of maternal dietary proteins in development of met-
abolic syndrome in offspring. Nutrients 2015;7:9185-9217.
Gilmore LA, Klempel-Donchenko M, Redman LM. Preg-
nancy as a window to future health: Excessive gestational
weight gain and obesity. Semin Perinatol 2015;39:296-303.
Barua S, Junaid MA. Lifestyle, pregnancy and epigenetic
effects. Epigenomics 2015;7:85-102.

Wansink B. Nutritional gatekeepers and the 72% solution. J
Am Diet Assoc 2006;106:1324-1327.

Wansink B. Project M.O.M.: Mothers & others & mypyr-
amid. J Am Diet Assoc 2008;108:1302-1304.

Address correspondence to:

Leanne M. Redman, PhD

Pennington Biomedical Research Center
6400 Perkins Road

Baton Rouge, LA 70808

E-mail: leanne.redman@pbrc.edu



