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ABSTRACT

Introduction

Excess adipose tissue is a major determinant of human health. In pregnancy, people with obesity or
excess adiposity are prone to excess gestational weight gain (GWG) and have the highest risks for
multiple maternal morbidities. Multi-component lifestyle interventions delivered during pregnancy are
effective in reducing GWG in people with obesity, yet epidemiological studies suggest that the lowest
incidence of adverse maternal and infant outcomes occurs with GWG lower than current
recommendations (<5 kg) and with gestational weight maintenance. In an observational study, using
doubly labeled water and body composition assessed by the 3-compartment model, GWG below current
recommendations was characterized by fat mass loss. However, data from randomized clinical trials are
needed to evaluate the efficacy of a fat mass loss intervention on pregnancy outcomes.

Methods and analysis

In this two-site randomized parallel group, proof-of-principle trial 100 women (30% Black; 30%
Hispanic) with pre-existing obesity (31.0 < BMI < 55.0 kg/m?) are randomized to usual care (Provider
Directed Group) or usual care plus a fat mass loss intervention with food provision (Weight
Maintenance Group). The primary outcomes of the trial (Healthy Mamas/Mamis Saludables) are weight,
fat mass (via 3-compartment model), and cardiometabolic disease risk factors (i.e., blood pressure,
lipids, glucose, insulin) from baseline (~13 weeks gestation) to ~35 weeks gestation and at 2 weeks
postpartum. Secondary aims evaluate the safety of the fat mass loss intervention during pregnancy and
test the hypotheses that compared to usual care, the intervention will have no significant adverse effect
on fetal growth, neonatal size, infant body composition, and other adverse events. Mediators (e.g.,
eating, activity) and moderators (e.g., parity, obesity grade, race/ethnicity) of intervention effects are
also examined. Finally, the study will explore the effect of prenatal fat mass loss on reducing incidence
of adverse obstetrical outcomes, including non-elective cesarean delivery, gestational diabetes,
hypertension, and pre-eclampsia.

Ethics and dissemination

The trial has been approved by the Pennington Biomedical Research Center Institutional Review Board,
is monitored by an independent data and safety monitoring board and will be conducted in agreement
with the Declaration of Helsinki. The trial is registered at clinicaltrials.gov (NCT04731688). All results,
positive, negative, and inconclusive, will be disseminated at national and/or international scientific
meetings and in peer-reviewed scientific journals.
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STRENGTHS AND LIMITATIONS

e Healthy Mamas/Mamis Saludables is rooted in extensive prior observational literature suggesting
that weight maintenance in pregnant individuals with obesity may reduce adverse pregnancy
outcomes and improve the health of mothers and children.

e The gestational fat mass loss intervention is more intensive than prior prenatal interventions,
adding full food provision, evidence-based calorie restriction, and monitoring of weight
maintenance goals. Food provision is used to maximize participant adherence, ensure nutritional
adequacy, and minimize safety concerns.

e The same frequency of contact or food provision is not provided to the Provider Directed Group,
which could lead to differential retention.

e We are not powered to determine intervention effects on incidence of less frequent but severe
obesity-related pregnancy complications. However, recognizing this is a proof-of-principle
study, we are measuring incidence of complications to inform a potential future multi-center
trial.
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INTRODUCTION

Pregnancy is a physiologic, anatomic, and metabolically dynamic life stage that can be complicated
by immediate and long-term effects on maternal health, and pregnant individuals with pre-existing
obesity have the highest risk for multiple maternal morbidities (1, 2). Half of all pregnant individuals
with obesity gain excess weight during pregnancy, which worsens maternal obesity and greatly
exacerbates risk for any maternal and neonatal adverse events (3, 4). Social disparities in maternal health
outcomes persist, and Hispanic and Black individuals experience the highest prevalences of obesity and
adverse pregnancy outcomes in the US (1, 5). To incur the lowest risk of adverse maternal and/or fetal
outcomes, the National Academy of Medicine (NAM) recommends pregnant individuals with obesity
limit total weight gain to 11-20 pounds (5-9 kg) or 0.5 pounds per week (100-200 g per week) (6).

As summarized in systematic reviews, multi-component lifestyle interventions with behavioral
counselling delivered during pregnancy are effective in reducing gestational weight gain (GWG) and
increasing the likelihood for a pregnant person with obesity to achieve guideline attainment (2, 4, 7, 8).
A U.S. Preventative Services Task Force (USPSTF) systematic review recommended that pregnant
individuals receive behavioral interventions in pregnancy to promote GWG within NAM guidelines (8).
While this approach implemented at scale would undoubtedly benefit maternal health overall, available
research suggests that promoting adherence to NAM guidelines of a 5-9 kg weight gain in people with
obesity is likely insufficient to optimize pregnancy outcomes. Several epidemiological studies in
individuals with obesity suggest that the lowest incidence of adverse maternal and infant outcomes
occurs when GWG is less than 5 kg and with weight maintenance during pregnancy (9, 10).

Excess adipose tissue is a major determinant of human health, and GWG is tightly coupled with the
gain in adipose tissue mass (11). Preclinical and clinical studies show that maternal fat mass and
associated biomarkers (e.g., insulin, lipids) and associated adipokines such as leptin are involved in the
pathophysiology of adverse pregnancy outcomes such as gestational diabetes mellitus (12), pre-
eclampsia (13), and infants born large for gestational age (14). In an observational study using doubly
labeled water and body composition assessed by the 3-compartment model, we observed that fat mass
loss was a characteristic of individuals with obesity gaining weight below the NAM recommendations
(15). We also observed that the people who gained weight at or below the NAM recommendations
consumed fewer calories than their pre-pregnancy energy requirements. Importantly, fetal growth and
essential gains in total body water and placenta were preserved. Together, the evidence supports that
optimal maternal and child health outcomes may result from a multi-component behavioral intervention
with calorie restriction to promote substantial prenatal fat mass loss in individuals with obesity.
However, data from randomized clinical trials are needed to evaluate efficacy.

Healthy Mamas/Mamis Saludables (NCT04731688) is a two-site, proof-of-principle randomized
controlled trial in pregnant individuals with obesity (N = 100) to test the effect of gestational fat mass
loss on changes in weight, fat mass, and cardiometabolic disease risk factors. It will test the primary
hypotheses that compared to usual care, a fat mass loss intervention with food provision will result in
greater reductions from baseline (~13 weeks gestation) to 35 weeks gestation and at 2 weeks postpartum
in the following maternal outcomes: a) weight; b) fat mass loss (via 3-compartment model); and, c)
cardiometabolic disease risk factors (i.e., blood pressure, lipids, glucose, insulin). Secondary aims will
evaluate the safety of the fat mass loss intervention during pregnancy and will test the hypotheses that
compared to usual care, the intervention will have no significant adverse effect on fetal growth, neonatal
size, infant body composition, and other adverse events. Mediators (e.g., eating, activity) and moderators
(e.g., parity, obesity grade, race/ethnicity) of intervention effects will also be examined. Finally, the
study will explore the effect of prenatal fat mass loss on reducing incidence of adverse obstetrical
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outcomes, including non-elective cesarean delivery, gestational diabetes, hypertension, and pre-
eclampsia.

METHODS
Trial Design

This two-site trial is being conducted at Pennington Biomedical Research Center in Baton Rouge,
LA, and California Polytechnic State University in San Luis Obispo, CA (Clinicaltrials.gov
NCTO04731688). One hundred (n=100) pregnant individuals (~30% Black; ~30% Hispanic) with pre-
existing obesity (31.0<BMI<55.0 kg/m?) are randomized to either a Provider Directed Group (usual
care) or a Weight Maintenance Group (usual care plus a fat mass loss intervention) (Figure 1).
Participants are studied from early pregnancy (<16 weeks gestation) until 2 weeks postpartum. Major
assessments occur at baseline (13-16 weeks gestation), 27-29 weeks gestation, 35-37 weeks gestation,
and 1-2 weeks postpartum. Safety measures are collected from ~week 20 and thereafter at 4-8 week
intervals until delivery.

Figure 1. Healthy Mamas/Mamis Saludables Clinical Trial Design
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Eligibility Criteria

The eligibility criteria were selected to yield a broad group of pregnant individuals with pre-existing
obesity who are otherwise healthy.

Inclusion criteria: The trial is open to pregnant (ultrasound confirmed viable singleton gestation, no
known fetal anomaly), adult (18 — 45 years of age) females living with obesity (31.0 <BMI < 55.0
kg/m?) indicated at a screening visit prior to 15 weeks, 4 days gestation to allow for physician clearance
prior to enrollment. Enrollment BMI was limited to 31.0 kg/m? to minimize the likelihood of enrolling
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an individual with overweight who experienced early pregnancy weight gain and crossed into the
obesity category.

Exclusion criteria: Exclusionary factors were identified that could: 1) increase the risks for small for
gestation age (SGA) infant (smoking, drug or alcohol use, interpregnancy interval <6 months,
conception by artificial reproductive technology, prior SGA infant), 2) negatively impact weight
(medication use known to influence body weight, disordered eating, bariatric surgery), 3) require close
medical monitoring and additional intervention by providers (prior pre-eclampsia, Human
Immunodeficiency Virus, active cancer, uncontrolled asthma, HbAlc >6.5%, hypertension (SBP >160
mmHg and DBP >110 mmHg), lupus, chronic renal disease, significant cardiovascular or
cardiopulmonary disease, severe anemia (Hb < 8g/dL and/or Hct < 24%), or; 4) compromise successful
participation in the intervention (e.g., planning to move out of the area in the next 12 months,
unwillingness to receive randomization to either group, unwillingness/inability to eat study foods or to
enroll the infant postpartum). Prenatal care providers cleared their patients to participate.

Recruitment and Screening Activities

Passive recruitment methods include posted flyers, advertisements directed to social media
campaigns, email listservs and recruitment services. These are supported with active recruitment
methods wherein study staff recruit potential participants at prenatal appointments. Following a brief
introduction to the trial, patients are invited to complete a screening questionnaire (via the telephone or
internet) to assess their initial eligibility and to collect contact information for follow-up. Participants
meeting initial eligibility criteria (i.e., age, estimated BMI, gestational age and some medical and
medication criteria) are invited for an in-person screening visit. At screening, written informed consent
is obtained and height, weight (BMI), blood pressure, pulse and glycosylated hemoglobin (HbAIc) are
measured. Medical, obstetrical, medication and psychological history are reviewed and the participants
understanding of the study and willingness to remain in the study in light of potential obstacles to
participation (e.g., such as food preferences/allergies, work schedule, family responsibilities, planned
travel schedule, and driving distance to the clinical center) discussed. Sample study food items may be
provided to the participant to familiarize and consider the ability for a participant to consume the foods
included in the weight maintenance group. A medical release is obtained for staff to review the
ultrasound and prenatal records to confirm eligibility criteria (i.e., gestational age, pregnancy viability,
hemoglobin/hematocrit values and HbA1c). If the eligibility criteria are satisfied, and the participant can
be randomized by 16 weeks gestation, then the participant is eligible to continue to baseline assessments
and randomization.

Randomization and Masking

Participants are randomly assigned within site (~50 participants per site) and obesity grade to either
the Provider Directed Group or Weight Maintenance Group. The randomization schedule was prepared
by the study biostatistician and occurs via Research Electronic Data Capture (REDCap). Randomization
is performed <16 weeks, 0 days gestation, and allocation is concealed from participants until the
completion of baseline assessments. Research assessment staff are masked to the group assignment.

Intervention Descriptions
Provider Directed Group

Participants in the Provider Directed Group receive what is standard practice by their prenatal care
provider during pregnancy. In addition, a brief visit (~20 minutes) with a study interventionist at
randomization welcomes and bonds participants to the study. Usual care participants receive

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| @p anbiydeibollgig soushy re Gzoz ‘€T aunr uo /wod fwg uadolway:dny wolj papeojumod "szoz Arenigsd Gz Uo +¥08560-720zZ-uadolwag/9eTT 0T Se paysiignd isiiy :uado (NG


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open Page 8 of 21

informational handouts published by the March of Dimes and American College of Obstetricians and
Gynecologists on nutrition and activity during pregnancy and general pregnancy topics (e.g., limiting
caffeine intake, typical frequency of prenatal care visits).

Weight Maintenance Group
Participants in the Weight Maintenance Group receive all aspects of Provider Directed Group plus a
multi-component behavioral intervention with food provision and behavioral coaching to promote

healthy eating, activity, and the weight maintenance goal of +3% from randomization weight (Figure 2).

The intervention, available in Spanish and English, is rooted in social learning theory (16) and based on
our prior prenatal interventions (17, 18, 19). The intervention is not specific to one particular culture or
dietary intake pattern but attempts to provide guidance and resources that may be helpful to individuals
from a variety of different cultures, incomes, and backgrounds, taking into consideration the balance of
caregiver and household responsibilities, cultural norms about social support, and recognition of food
and activities that are culturally and financially feasible (20, 21).

Figure 2. Healthy Mamas/Mamis Saludables Multicomponent Behavioral Intervention

* Food provision and structured
meal plan
 Stimulus control

Environmental 4—|  <Food cuesin home

* Activity cues Eatlng
«Scale in home + graph X o 3
« Social cues (other kids in home) 25% cglorle restriction durlr_1g the
2nd trimester eucaloric during 3rd
(equation)
'G?aisem"& fteedback and 30% fat, 15-20% protein; 50-55% _|_. Maintenance in
reinforcemen b h d .
. -Self-monitoringofcal_orieintake, carbohydrate bOdy Welght and a
; I Behavioral 1 getiity and body weight 5% maternal fat
. * Planning
Lifesty e « Problem-solving o mass loss from
Intervention \_ )|+ hssertiveness Activity | baseline to delivery
/—\ >150 minutes per week

s - Gradual increases in steps
 Intrinsic motivation (health, role

in family, body image)

o Self-efficacy

* Coping strategies (meal plan as a
way to help reduce stress, fatigue,
disinhibition, cravings, restraint)

Psychological T

./

Recognize socio-structural and individual level factors that shape eating, activity, and pregnancy health (e.g., access to food,
transportation, and safe neighborhoods; physical health problems; work schedule; dietary preferences and needs)

Frequency and mode. Participants in the Weight Maintenance Group receive weekly, 45-60
minute, individual, face-to-face counseling sessions in the first 4 weeks of treatment. Thereafter,
sessions (~30 minutes) occur every two weeks until delivery; visit frequency may be increased or
decreased as needed to promote weight maintenance. The frequency and mode of contact is designed to
be intensive enough to promote adherence, provide close supervision, and while using rates of clinical
contact consistent with clinical practice recommendations (18, 22).

Weight maintenance goal. Participants receive information on body composition changes that
naturally occur during pregnancy in people with obesity and are provided with the overarching goal of
maintaining their body weight throughout pregnancy. Participants receive a BodyTrace scale and learn
how to monitor and graph their weight. These graphs show the weight maintenance goal with
demarcated lines with acceptable variability. If the daily weight is within the goal, the interventionist
reinforces adherence. If the weight change is under or over goal, strategies for optimizing weight
changes are implemented (19).
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Structured food provision. To support optimal nutrition and steady gestational fat mass loss,
structured meal plans with full food provision are provided during pregnancy until 2 weeks postpartum
(17, 18, 19). Our prior prenatal intervention with partial food provision (replacing 2 meals) was shown
to reduce excess GWG and improve nutritional adequacy (18). Food provision may improve the quality
of food stored in participants’ homes, cueing participants to eat these foods, and structure eating in a
way that improves portion sizes, eating patterns and knowledge of the energy content and optimal
portions of commonly eaten foods. Food provision may simplify the task of following and tracking a
prescribed diet and promote adherence (23, 24).

The food provision plan is individualized and designed to promote 25% calorie restriction during the
second trimester followed by isocaloric intake during the third trimester anticipated to result in overall
maintenance in body weight (£3%) and a 5% maternal fat mass loss from baseline to delivery. Measured
fat mass (FM) and fat-free mass (FFM) from the BodPod at baseline is used to estimate the individual
energy requirements and a 25% calorie restriction using our published equation for energy requirements
of pregnant individuals with obesity (11).

Individually developed meal plans comprise 30% of calories from fat, 15-20% from protein, and 50-
55% from carbohydrates (25). Meal plans include three meals and three snacks for seven days each
week (18, 23, 24), and the study provides commercially available (i.e., Jenny Craig, BistroMD) nutrient
dense foods and high fiber foods with organic and non-organic options and a combination of frozen and
shelf stable foods (18, 23, 24). Participants supplement these foods and snacks with fruits, vegetables,
and low-fat dairy. Study foods are provided at no cost and replenished at the convenience of each
participant and based on their home storage capabilities. Participants are encouraged to limit sugar-
sweetened beverages.

Physical Activity Regular physical activity is encouraged and participants are recommended to
gradually increase moderate to vigorous weekly activity to at least 150 minutes per week (22). The
intervention focuses on increasing “lifestyle” activity or gradual increases in the number of steps walked
each day. Participants are encouraged to monitor steps using their personal devices (e.g., smartwatch,
phone). Each week the goal is to achieve 500 more steps per day (1/4 mile) than the previous week until
reaching about 10,000 steps/day (26).

Behavioral Strategies. Intervention sessions are designed to reinforce adherence to the structured
food provision program, review self-monitoring weight and dietary records, problem-solve barriers, and
provide additional support. Topics are shown in Table 1.

Table 1. Intervention session topics

Lesson | Program Lesson Topic
number Week
1 1 Program overview, motivations, weight
recommendations, self-monitoring; give food
provision/ meal plan

2 2 Meal plan & tracking; give pedometer
3 Brief check-in (meal plan)
3 4 Physical activity and lifestyle activity
4 6 Problem solving
5 8 Stimulus control, food, activity, social cues

After first 5 core sessions, topics may go in order below or other order
depending on participant needs

6 10 Social support & assertion

7 12 Restaurant eating

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| @p anbiydeibollgig soushy re Gzoz ‘€T aunr uo /wod fwg uadolway:dny wolj papeojumod "szoz Arenigsd Gz Uo +¥08560-720zZ-uadolwag/9eTT 0T Se paysiignd isiiy :uado (NG


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open Page 10 of 21

8 14 Emotional eating & cognitive strategies
9 16 Motivation

10 18 Mindful eating

11 20 Rethink your drink

12 22 Reducing sedentary time

13 24 Grocery shopping and snacking on a budget
14 26 Maintaining success postpartum

15 28 Managing food boredom

16 30 Preventing and managing lapses

17 32 Nausea and vomiting

18 34 Pregnancy cravings

19 36 Holidays, vacations, and special events

Postpartum success. Near the end of treatment (~35 weeks gestation), participants receive guidance
on ways to maintain success after treatment ends. Strategies include continuing the meal plan without
food provision (27, 28), introducing additional self-selected foods, continually increasing physical
activity, being a “role model,” and maintaining a healthy home food and exercise environment.

Standardization of Intervention Delivery

A treatment manual was developed with a curriculum for each of the topics and counselors are
trained to deliver the intervention under direct supervision. Weekly supervision meetings occur to ensure
standardization. Intervention sessions with participants are audio/video recorded with a subset reviewed
and discussed at supervision meetings.

Study Visit Overview

Participants are enrolled in the study for ~8 months; from the week 13-16 of pregnancy until ~2
weeks postpartum. As shown (Table 2), study outcomes are assessed at baseline (13-16 weeks), mid-
point (27-29 weeks), and late pregnancy (35-37 weeks), and at 2 weeks postpartum. Brief safety
measures are collected on approximately a monthly basis throughout the trial, including an additional
ultrasound at ~20 weeks gestation. Due to pregnancy complications or to manage study burden,
ultrasounds are not required but are encouraged at 25-, 31-, and 39-weeks gestation. The goal is to
collect outcome data at our research facilities, but visits may also occur at the participant’s home,
provider office, or elsewhere as needed. Outcome assessment visits are conducted by trained assessors
masked to the intervention group assignment.

On the morning of scheduled outcome assessment visits, participants arrive following a fast of at
least 6 hours. Participants void, and the collected urine is stored for the total body water assessment and
archive storage. Weight is measured and deuterium is consumed. Additional urine collections are
collected at 3 hours, 4 hours, and 5 hours after dosing and stored for total body water assessment. Blood
pressure, pulse, and body composition (BodPod, skinfold thickness, and circumferences) are also
measured. If the participant is unable to attend the study site for the BodPod measurement, body
composition may be measured by a portable bioelectrical impedance (BIA) device. Adverse events and
medication use are recorded, and questionnaires are administered. A fasted blood sample is collected
from an antecubital vein for glucose, insulin, lipid panel and to obtain an archived sample for future use
(e.g. leptin and inflammatory markers). Participants are familiarized with the ASA-24 dietary recall and
an activity monitor is applied. During the subsequent 5-7 days, participants wear the activity monitor
and complete the ASA24 recall on two days.
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For the monthly safety visits, fetal size is measured by ultrasound and adverse events and concomitant
medications recorded. The postpartum visit for the mother also includes body composition assessment
via a whole-body DXA scan.

*These ultrasound visits are optional and maybe omitted to manage study burden and/or other pregnancy-related issues.

Procedures

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

w

<

(]

O

S

@

>

2.

©

c

=2

=

=0

®

a

)

7]

=

U °

=

[Table 2: Schedule of Clinical Outcome Assessments % P
Outcome Brief Brief Outcome Brief Outcome . OutcomeS | &

. - .. Brief Safety 2 g

Study Visits] SV | Assessment Safety |Safety Visit|Assessment|Safety Visit|Assessment Visit 4% Assessme 3

Visit 1 Visit 1 2% Visit 2 3* Visit 3 Visitd 2| 8

He Ol @

Gestation Week] <15,3| 13,0-16,0 | 19,0-21,6 | 23,0-25,6 | 27,0-29,6 | 31,0-33,6 | 35,0-37,6 | 39,0-41,6 | 37+ 1026 5 3

postpartun® N

Anthropometry & Body Composition sl R
Height, cm X 2 I%
Weight, kg X X X X X X X X X g A
Circumferences X X X X £ R
Body volume (BodPod), L X X X X g’ S
2 Q| N

"l'"ota?l body water (*°H,O X X X X z|O
Dilution) =D
Skinfold thickness, mm X X X X SmS
DXA, %fat X 2P §
Fetal size (ultrasound) X X* X X* X X* igg";
Cardiometabolic Health = % b S
HbA Ic (Capillary blood, %) X 2 ago
Blood pressure, nmHg & pulse X X X X g X ©° = 8
Glucose (mg/dL), X X X X 2 3 §
insulin(ulU/mL) 2 B ;3_)
Lipid panel, mg/dL X X X X 202
Safety Measures g:‘\ -
P P 3

Current Medications & Adverse X X X X X X X X X 3w g
Events = ng
Mediators SY2
. . Q -c
Dietary intake (ASA-24) X X X > =
Physical activity (activPAL) X X X = g
Questionnaires X X X X X 8 é'
Randomization X = ju
Archive Blood Collection X X X X < g
/Archive Urine Collection X X X X § P
Archive Placenta and Umbilical X 2} g
Cord Collection 3 S
Moderators, Obstetrical Outcomes 2| >
Chart abstraction X X @ §
Infant Measures g ®
Weight, kg; Length, cm X % _r.'_‘o
Head, Waist Circumference, cm X <y
Skinfold thickness, mm X $ »
DXA, % fat X 1
PeaPod, % fat X «j:>
Stool sample X 3
®

@

=2

=

Q

o

©

>

=

c

o

a

o


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Maternal Anthropometrics and Vital Signs

Body weight is measured with participants wearing a hospital gown and underwear using the
same calibrated scale (Tanita Corp, Arlington Heights, IL). Waist and hip circumference are
measured using a spring-loaded tape (Gulick II, Country Technology, Gays Mills, WI). Skinfold
thickness is measured at 6 sites (triceps, biceps, subscapular, iliac crest, mid-calf, and mid-thigh)
using Harpenden skinfold calipers (Creative Health Products Inc, Ann Arbor, MI). Vital signs (blood
pressure and heart rate) are measured seated after a 5S-minute rest. All anthropometric and vital sign
measures are recorded twice. If the two trials differ by more than pre-specified value, a third
measure is obtained.

Body Composition

Maternal body composition is assessed via a 3-compartment model in which fat mass is
calculated from body weight, body density (BodPod®, COSMED USA Inc., Concord, CA), and
total body water (deuterium dilution) (29). Body density is adjusted for a trimester-specific changes
in thoracic gas volume and fat-free mass hydration (30). Participants receive an oral dose of
deuterium (?°H,0) as 0.05 grams per kilogram and isotope enrichment is measured in pre- and post-
dose urine samples at the Mass Spectrometry Core at PBRC (15). Body density (Dg) and total body
water (TBW) will be used together with body weight to measure fat mass as follows: Fat
Mass=(2.118+Dg)-(0.78xTBW+Body Weight)-1.354 (15). At the postpartum visit, DXA is
completed to derive a measurement of bone mass which will allow for body composition in
pregnancy to also be assessed in a 4-compartment model (31).

Biological Markers of Health

Hemoglobin Alc (HbAlc) is measured at screening in capillary blood using a validated point of
care system. Serum and/or plasma is measured centrally in the Clinical Chemistry Core at PBRC for
glucose, triglycerides, total cholesterol, HDL-Cholesterol, and LDL-Cholesterol (DXC600,
Beckman Coulter Inc, Brea, CA), and insulin (Immulite 2000, Siemens, Broussard, LA). Additional
blood samples are stored for future planned assays, such as leptin, adiponectin, high-sensitivity C-
reactive protein (hsCRP), and inflammatory markers (IL-1, IL-6, IL-8, TNFa).

Dietary Intake and Physical Activity

Dietary intake (calories, macronutrient, micronutrient, diet quality) is assessed with the
Automated Self-Administered (ASA) 24-hour Recall through the National Cancer Institute (32). The
recall is performed twice by a staff member at the visit or over the telephone; one weekday and one
weekend day (33).

Physical activity and sedentary behavior are measured for 5 to 7 days with activPAL3 micro
accelerometer (PAL Technologies Ltd, Glasgow, Scotland) secured to the midline of the thigh with
waterproof adhesive covering. Participants are asked to wear the device continuously for the
assessment period, enabling assessment of time in bed. activPAL data will be analyzed centrally
using PAL Technologies software. Days with wear time of more than 16h and/or days with at least
10h of valid awake time will be used in analysis (34). Outcomes include time spent lying, sitting,
standing, stepping, total steps, MET-hours and time spent in different activity intensities (sedentary,
light, moderate-vigorous).

Participant Reported Outcomes
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At baseline, participant reported outcomes include self-reported pre-pregnancy weight, family
medical history, demographics (maternal and paternal), social history (alcohol, tobacco), and food
security (USDA Food Security Module subscale). Outcome assessment questionnaires include: a
symptom checklist to measure levels of hunger, fatigue, frequency of constipation, and nausea; the
Eating Disorders Examination-Questionnaire (EDE-Q) (35) to assess frequency of unsafe dieting
practices; the Edinburgh Postnatal Depression Scale (36) to examine levels of depressive symptoms; the
Pregnancy Physical Activity Questionnaire (37) to assesses time spent in various activity components,
including household, occupation, sports, and exercise, the Eating Inventory (38) to assesses cognitive
restraint, disinhibition, and hunger; and the Weight Control Strategies Scale (39) to measure weight
control behavioral and psychological strategies, including dietary choices, self-monitoring, physical
activity, and psychological coping. Intent to breastfeed at 35 weeks gestation and breastfeeding at 2
weeks postpartum is measured using questions from our prior work (40) and originally adapted from the
Southampton Women’s Survey and CDC Infant Feeding Practices study (41).

Intervention Adherence and Fidelity.

Intervention adherence is monitored by tracking attendance at core counseling sessions and self-
report of number of days of consuming provided food. Adherence is also measured through the diet,
activity, daily weight, and participant reported outcomes. Intervention fidelity is measured by having
10% of session recordings at each site selected at random and coded for content by independently
trained staff.

Chart Abstraction

Following delivery and/or pregnancy loss, obstetric outcomes, delivery, and neonatal data are
collected by review of delivery and newborn medical records abstracted from the electronic medical
record or hospital charts.

Fetal Ultrasound

Fetal size is measured using conventional two-dimensional (2-D) ultrasound (biparietal diameter
head circumference, transverse diameter and circumference of the abdomen, femur length and
humerus length) by certified ultrasonography technicians who are centrally trained and masked to
the intervention assignment. Three measurements are recorded, and the mean value used to estimate
fetal weight will be calculated using the Hadlock formula (42). For safety surveillance, fetal weight
is estimated in real time. Idiopathic fetal growth restriction will be defined as estimated fetal weight
<10% of the sex and gestational age norms (43).

Infant Assessments

Infant weight is obtained using a standard electrical infant scale with the infant undressed.
Recumbent infant length is measured using an infantometer and standard measuring tape is used to
measure maximal head and abdominal circumference. Skinfold thickness is measured in duplicate at
4 sites (triceps, subscapular, iliac crest and thigh). Adiposity is assessed with air displacement
plethysmography (PeaPod, Life Measurement Inc, Concord, CA) (44) and with a 3-compartment
model using DXA.

Data and Safety Monitoring

Data across the two sites is collected using standardized case report forms or data upload utilities to
a central database at Pennington Biomedical. A Data Safety Monitoring Board (DSMB) comprised of
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four individuals (physician scientists, clinical researchers and a lay person with lived experience) is
convened twice per year and monitors the conduct of the trial. Data on adverse events, recruitment and
data completeness is locked at six-month intervals and used to provide aggregated reports to the DSMB.

Sample Size and Power Calculations

Sample size estimates were produced assuming a 3=0.8 (power) and 0=0.05 (significance) to detect a
difference in body weight and fat mass change between the Provider Directed Group and the Weight
Maintenance Group. The sample estimates are inflated to allow for an ~8% loss of data while
maintaining desired power (=0.8). The loss to follow-up accounts for participants that may drop out of
the study and those that may be required to discontinue due to contraindications, safety alerts, or
premature delivery of the infant prior to 35-37 weeks. Estimates for the change in total gestational
weight and fat mass (35-37 weeks minus baseline) in the Provider Directed group were derived from
pregnant individuals with obesity in the MomEE trial (15). The gestational fat mass loss intervention is
expected to promote no net weight gain (0 kg) and a 5 kg loss of fat mass. With 92 subjects (46 per
group), we are sufficiently powered to detect at least a 2.5 kg difference in total GWG and 2.0 kg
difference in fat mass gain between the Provider Directed Group and the Weight Maintenance Group at
the end of pregnancy.

Statistical Analysis Plan

Statistical analyses will be completed using SAS/STAT® software (Cary, NC, USA) by study
biostatistician (RAB). All analyses will be performed with significance level 0=0.05. Outcomes will be
assessed for normality (where appropriate) with the Shapiro-Wilk test. Non-normally distributed data
will be log-transformed; yet, if data are still non-normally distributed following transformation, non-
parametric analyses will be conducted on these outcomes Treatment and Obesity Grade will be included
in all models. Planned potential covariates will include 1) study site, 2) maternal age, 3) weight at
screening, 4) parity, 5) race/ethnicity, and 6) gestational diabetes mellitus diagnosis. Intent to treat
analysis will be the primary analysis type. Multiple imputation (Markov chain Monte Carlo method,
preferred) may be performed if there is a large amount (>10%) of missing data. To decrease the degree
of missing data, we will extract the prenatal and delivery record, and, specifically for participants who
fail to return to clinic, weight measurements will be acquired from the planned chart abstraction.
Mediators (e.g., eating, activity) and moderators (e.g., parity, obesity grade, race/ethnicity) of
intervention effects will also be examined.

Statistical models for the primary outcomes will use weight, fat mass, and cardiometabolic disease
risk factors. Results will be expressed as least square means based on the linear mixed effect models for
group differences at 35 weeks gestation and 2 weeks postpartum. Secondary outcomes will also use
mixed effect linear models to test equivalence between the Provider Directed Group and Weight
Maintenance Group for fetal growth, neonatal size, and infant body composition at 2 weeks. Maternal
appetite, eating disorder, depressive symptoms, reported adverse events, breastfeeding initiation, and
incidence of SGA will be analyzed using a generalized mixed effect model.

Additional exploratory outcomes dietary intake, physical activity, and weight control behaviors,
using all available data at the appropriate time points with the addition of appropriate covariates to
adjust for potential confounds. Multiple linear regression, logistic regression, or repeated measures
ANOVA will also be used to examine relationships among these variables and associations with weight
changes; we will follow approaches outlined by Kraemer et al.(45), to explore potential mediators and
moderators of treatment outcome. As we also present exploratory aims, results for frequencies of
adverse obstetrical outcomes by treatment conditions will be expressed as contingency tables with
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incidence rate. Generalized linear mixed model may also be used if covariates have a significant impact
on model fit.

DISCUSSION

Observational data suggest that pregnant people with obesity may have the best pregnancy outcomes
with gestational weight maintenance, but clinical trials are lacking. Without such trials, the potential
benefits or harms of gestational weight maintenance and fat mass loss during pregnancy are unknown,
there can be no practical recommendations for individuals with obesity to continually manage their
obesity in pregnancy (46, 47, 48). An estimated 1.1 million individuals in the United States enter
pregnancy having pre-existing obesity each year (49) and are at high risk of experiencing life-long
health problems for themselves and their children. If intentional fat mass loss during pregnancy is shown
to be safe and effective, the prenatal period would remain the most opportune time to intervene, given
that nearly all individuals intersect with healthcare delivery during this life stage and with frequent
monitoring.

The trial includes two sites with a goal of enrolling a diverse sample of pregnant individuals (~30%
Hispanic and ~30% African American). The only other trial to explore GWM throughout pregnancy (50,
51) used a lower intensity intervention, had minimal racial/ethnic and socioeconomic diversity, and
lacked measures of cardiometabolic health. The proposed study addresses these limitations by
intensifying the intervention on an individual level with use of food provision based on published
estimates of energy requirements for pregnant individuals with obesity, inclusion of accurate body
composition and cardiometabolic health measures, and enrollment of a diverse sample at greatest risk of
obesity-related disease (52).

The intervention’s use of a calorie prescription derived from highly rigorous research on maternal
body composition and energy expenditure (15) and provision of full meal replacements 7 days per week
is novel in pregnancy research. Outside of pregnancy, food provision, with portion sizes and nutritional
content being controlled has been shown to lead to more weight loss than either self-directed dieting or
structured behavioral weight management programs without food provision and in diverse populations
(24, 53, 54, 55, 56). Commercially provided food provision programs with physical activity and
behavioral strategies have shown 2-3 times greater weight losses (23, 53, 54, 55, 56, 57, 58). We
previously tested the efficacy of a behavioral program with partial meal replacement during pregnancy
and found that it effectively reduced excess gestational weight gain and improved nutritional adequacy
in individuals with obesity (18). Food-as-medicine initiatives (62) provide access to optimal nutrition,
reduce adverse health risk factors, and improve health outcomes, which may subsequently lower the
overall cost of current and future healthcare. If programs, such as Healthy Mamas/Mamis Saludables,
are successful, future implementation research would be warranted and food provision and prescriptive
diets as part of comprehensive lifestyle interventions may become a formal, consistent component of
pregnancy and postpartum care to enhance short- and long-term health in pregnant people with obesity.

CONCLUSION

Prenatal healthcare providers have long recognized the importance of nutrition before, during, and
after pregnancy. Suboptimal diets are a leading risk factor for development of chronic diseases (61),
such as obesity, hypertension, and diabetes, which significantly impact maternal and offspring health.
This is the first known study to evaluate GWG below NAM recommended amounts in combination with
a targeted intervention to increase fat mass loss. Findings from this proof-of-principle trial have the
potential to set the stage for future large-scale efficacy and effectiveness trials testing prenatal weight
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maintenance interventions for people with obesity and will spur a revision in national recommendations
that currently encourage up to a 9 kg (20 pounds) weight gain during pregnancy in individuals with
obesity (6).
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AUTHORS’ NOTE

Throughout this manuscript, the authors refer to pregnant individuals as “mothers” and utilize the
verbiage “maternal”. The authors acknowledge that gender non-conforming people and those that
identify as male assume such roles. The wording in the manuscript was chosen for ease of reading.
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Figure 1. Healthy Mamas/Mamis Saludables Clinical Trial
Design
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Figure 2. Healthy Mamas/Mamis Saludables
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ABSTRACT

Introduction

In pregnancy, people with obesity or excess adiposity are prone to excess gestational weight gain (GWG) and
have the highest risks for multiple maternal morbidities. Epidemiological studies suggest that the lowest incidence
of adverse maternal and infant outcomes occurs with GWG lower than current recommendations (<5 kg) and with
gestational weight maintenance, resulting in fat mass loss, in those with obesity. Data from randomized clinical
trials are needed to evaluate the efficacy of a fat mass loss intervention on pregnancy outcomes. The objective of
this proof-of-principle randomized controlled trial is to test the effect of a gestational fat mass loss intervention in
pregnant individuals with obesity on changes in weight, fat mass, and cardiometabolic disease risk factors

Methods and analysis

In this two-site randomized parallel group, 100 women (30% Black; 30% Hispanic) with pre-existing
obesity (31.0 < BMI < 55.0 kg/m?) are randomized to usual care (Provider Directed Group) or usual care
plus a fat mass loss intervention with food provision (Weight Maintenance Group). The primary
outcomes of the trial (Healthy Mamas/Mamis Saludables) are weight, fat mass (via 3-compartment
model), and cardiometabolic disease risk factors (i.e., blood pressure, lipids, glucose, insulin) from
baseline (~13 weeks gestation) to ~35 weeks gestation and at 2 weeks postpartum. Secondary aims
evaluate the safety of the fat mass loss intervention during pregnancy and test the hypotheses that
compared to usual care, the intervention will have no significant adverse effect on fetal growth, neonatal
size, infant body composition, and other adverse events. Mediators (e.g., eating, activity) and moderators
(e.g., parity, obesity grade, race/ethnicity) of intervention effects are also examined. Finally, the study
will explore the effect of prenatal fat mass loss on reducing incidence of adverse obstetrical outcomes,
including non-elective cesarean delivery, gestational diabetes, hypertension, and pre-eclampsia.

Ethics and dissemination

The trial has been approved by the Pennington Biomedical Research Center Institutional Review Board,
is monitored by an independent data and safety monitoring board and will be conducted in agreement
with the Declaration of Helsinki. All results, positive, negative, and inconclusive, will be disseminated
at national and/or international scientific meetings and in peer-reviewed scientific journals.

The trial is registered at clinicaltrials.gov (NCT04731688).
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STRENGTHS AND LIMITATIONS

e Healthy Mamas/Mamis Saludables is rooted in extensive prior observational literature suggesting
that weight maintenance in pregnant individuals with obesity may reduce adverse pregnancy
outcomes and improve the health of mothers and children.

e The gestational fat mass loss intervention is more intensive than prior prenatal interventions,
adding full food provision, evidence-based calorie restriction, and monitoring of weight
maintenance goals. Food provision is used to maximize participant adherence, ensure nutritional
adequacy, and minimize safety concerns.

e The same frequency of contact or food provision is not provided to the Provider Directed Group,
which could lead to differential retention.

e We are not powered to determine intervention effects on incidence of less frequent but severe
obesity-related pregnancy complications. However, recognizing this is a proof-of-principle
study, we are measuring incidence of complications to inform a potential future multi-center
trial.
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INTRODUCTION

Pregnancy is a physiologic, anatomic, and metabolically dynamic life stage that can be complicated
by immediate and long-term effects on maternal health, and pregnant individuals with pre-existing
obesity have the highest risk for multiple maternal morbidities [1, 2]. Half of all pregnant individuals
with obesity gain excess weight during pregnancy, which worsens maternal obesity and greatly
exacerbates risk for any maternal and neonatal adverse events [3, 4]. Social disparities in maternal health
outcomes persist, and Hispanic and Black individuals experience the highest prevalences of obesity and
adverse pregnancy outcomes in the US [1, 5]. To incur the lowest risk of adverse maternal and/or fetal
outcomes, the National Academy of Medicine (NAM) recommends pregnant individuals with obesity
limit total weight gain to 11-20 pounds (5-9 kg) or 0.5 pounds per week (100-200 g per week) [6].

As summarized in systematic reviews, multi-component lifestyle interventions with behavioral
counselling delivered during pregnancy are effective in reducing gestational weight gain (GWG) and
increasing the likelihood for a pregnant person with obesity to achieve guideline attainment [2, 4, 7, 8].
A U.S. Preventative Services Task Force (USPSTF) systematic review recommended that pregnant
individuals receive behavioral interventions in pregnancy to promote GWG within NAM guidelines [8].
While this approach implemented at scale would undoubtedly benefit maternal health overall, available
research suggests that promoting adherence to NAM guidelines of a 5-9 kg weight gain in people with
obesity is likely insufficient to optimize pregnancy outcomes. Several epidemiological studies in
individuals with obesity suggest that the lowest incidence of adverse maternal and infant outcomes
occurs when GWG is less than 5 kg and with weight maintenance during pregnancy [9, 10].

Excess adipose tissue is a major determinant of human health, and GWG is tightly coupled with the
gain in adipose tissue mass [11]. Preclinical and clinical studies show that maternal fat mass and
associated biomarkers (e.g., insulin, lipids) and associated adipokines such as leptin are involved in the
pathophysiology of adverse pregnancy outcomes such as gestational diabetes mellitus [12], pre-
eclampsia [13], and infants born large for gestational age [14]. In an observational study using doubly
labeled water and body composition assessed by the 3-compartment model, we observed that fat mass
loss was a characteristic of individuals with obesity gaining weight below the NAM recommendations
[15]. We also observed that the people who gained weight at or below the NAM recommendations
consumed fewer calories than their pre-pregnancy energy requirements. Importantly, fetal growth and
essential gains in total body water and placenta were preserved. Together, the evidence supports that
optimal maternal and child health outcomes may result from a multi-component behavioral intervention
with calorie restriction to promote substantial prenatal fat mass loss in individuals with obesity.
However, data from randomized clinical trials are needed to evaluate efficacy.

Healthy Mamas/Mamis Saludables (NCT04731688) is a two-site, proof-of-principle randomized
controlled trial in pregnant individuals with obesity (N = 100) to test the effect of gestational fat mass
loss on changes in weight, fat mass, and cardiometabolic disease risk factors. It will test the primary
hypotheses that compared to usual care, a fat mass loss intervention with food provision will result in
greater reductions from baseline (~13 weeks gestation) to 35 weeks gestation and at 2 weeks postpartum
in the following maternal outcomes: a) weight; b) fat mass loss (via 3-compartment model); and, c)
cardiometabolic disease risk factors (i.e., blood pressure, lipids, glucose, insulin). Secondary aims will
evaluate the safety of the fat mass loss intervention during pregnancy and will test the hypotheses that
compared to usual care, the intervention will have no significant adverse effect on fetal growth, neonatal
size, infant body composition, and other adverse events. Mediators (e.g., eating, activity) and moderators
(e.g., parity, obesity grade, race/ethnicity) of intervention effects will also be examined. Finally, the
study will explore the effect of prenatal fat mass loss on reducing incidence of adverse obstetrical
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outcomes, including non-elective cesarean delivery, gestational diabetes, hypertension, and pre-
eclampsia.

METHODS
Trial Design

This two-site trial is being conducted at Pennington Biomedical Research Center in Baton Rouge,
LA, and California Polytechnic State University in San Luis Obispo, CA (Clinicaltrials.gov
NCTO04731688). One hundred (n=100) pregnant individuals (~30% Black; ~30% Hispanic) with pre-
existing obesity (31.0<BMI<55.0 kg/m?) are randomized to either a Provider Directed Group (usual
care) or a Weight Maintenance Group (usual care plus a fat mass loss intervention) (Figure 1).
Participants are studied from early pregnancy (<16 weeks gestation) until 2 weeks postpartum. Major
assessments occur at baseline (13-16 weeks gestation), 27-29 weeks gestation, 35-37 weeks gestation,
and 1-2 weeks postpartum. Safety measures are collected from ~week 20 and thereafter at 4-8 week
intervals until delivery.

Eligibility Criteria

The eligibility criteria were selected to yield a broad group of pregnant individuals with pre-existing
obesity who are otherwise healthy.

Inclusion criteria: The trial is open to pregnant (ultrasound confirmed viable singleton gestation, no
known fetal anomaly), adult (18 — 45 years of age) females living with obesity (31.0 < BMI < 55.0
kg/m?) indicated at a screening visit prior to 15 weeks, 4 days gestation to allow for physician clearance
prior to enrollment. Enrollment BMI was limited to 31.0 kg/m? to minimize the likelihood of enrolling
an individual with overweight who experienced early pregnancy weight gain and crossed into the
obesity category.

Exclusion criteria: Exclusionary factors were identified that could: 1) increase the risks for small for
gestation age (SGA) infant (smoking, drug or alcohol use, interpregnancy interval <6 months,
conception by artificial reproductive technology, prior SGA infant), 2) negatively impact weight
(medication use known to influence body weight, disordered eating, bariatric surgery), 3) require close
medical monitoring and additional intervention by providers (prior pre-eclampsia, Human
Immunodeficiency Virus, active cancer, uncontrolled asthma, HbA1c >6.5%, hypertension (SBP >160
mmHg and DBP >110 mmHg), lupus, chronic renal disease, significant cardiovascular or
cardiopulmonary disease, severe anemia (Hb < 8g/dL and/or Hct < 24%), or; 4) compromise successful
participation in the intervention (e.g., planning to move out of the area in the next 12 months,
unwillingness to receive randomization to either group, unwillingness/inability to eat study foods or to
enroll the infant postpartum). Prenatal care providers cleared their patients to participate.

Recruitment and Screening Activities

Passive recruitment methods include posted flyers, advertisements directed to social media
campaigns, email listservs and recruitment services. These are supported with active recruitment
methods wherein study staff recruit potential participants at prenatal appointments. Following a brief
introduction to the trial, patients are invited to complete a screening questionnaire (via the telephone or
internet) to assess their initial eligibility and to collect contact information for follow-up. Participants
meeting initial eligibility criteria (i.e., age, estimated BMI, gestational age and some medical and
medication criteria) are invited for an in-person screening visit. At screening, written informed consent
is obtained and height, weight (BMI), blood pressure, pulse and glycosylated hemoglobin (HbAlc) are
measured. Medical, obstetrical, medication and psychological history are reviewed and the participants
understanding of the study and willingness to remain in the study in light of potential obstacles to
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participation (e.g., such as food preferences/allergies, work schedule, family responsibilities, planned
travel schedule, and driving distance to the clinical center) discussed. Sample study food items may be
provided to the participant to familiarize and consider the ability for a participant to consume the foods
included in the weight maintenance group. A medical release is obtained for staff to review the
ultrasound and prenatal records to confirm eligibility criteria (i.e., gestational age, pregnancy viability,
hemoglobin/hematocrit values and HbA 1c). If the eligibility criteria are satisfied, and the participant can
be randomized by 16 weeks gestation, then the participant is eligible to continue to baseline assessments
and randomization.

Randomization and Masking

Participants are randomly assigned within site (~50 participants per site) and obesity grade to either
the Provider Directed Group or Weight Maintenance Group. The randomization schedule was prepared
by the study biostatistician and occurs via Research Electronic Data Capture (REDCap). Randomization
is performed <16 weeks, 0 days gestation, and allocation is concealed from participants until the
completion of baseline assessments. Research assessment staff are masked to the group assignment.

Intervention Descriptions
Provider Directed Group

Participants in the Provider Directed Group receive what is standard practice by their prenatal care
provider during pregnancy. In addition, a brief visit (~20 minutes) with a study interventionist at
randomization welcomes and bonds participants to the study. Usual care participants receive
informational handouts published by the March of Dimes and American College of Obstetricians and
Gynecologists on nutrition and activity during pregnancy and general pregnancy topics (e.g., limiting
caffeine intake, typical frequency of prenatal care visits).

Weight Maintenance Group
Participants in the Weight Maintenance Group receive all aspects of Provider Directed Group plus a
multi-component behavioral intervention with food provision and behavioral coaching to promote

healthy eating, activity, and the weight maintenance goal of +3% from randomization weight (Figure 2).

The intervention, available in Spanish and English, is rooted in social learning theory [16] and based on
our prior prenatal interventions [17-19]. The intervention is not specific to one particular culture or
dietary intake pattern but attempts to provide guidance and resources that may be helpful to individuals
from a variety of different cultures, incomes, and backgrounds, taking into consideration the balance of
caregiver and household responsibilities, cultural norms about social support, and recognition of food
and activities that are culturally and financially feasible [20, 21].

Frequency and mode. Participants in the Weight Maintenance Group receive weekly, 45-60
minute, individual, face-to-face counseling sessions in the first 4 weeks of treatment. Thereafter,
sessions (~30 minutes) occur every two weeks until delivery; visit frequency may be increased or
decreased as needed to promote weight maintenance. The frequency and mode of contact is designed to
be intensive enough to promote adherence, provide close supervision, and while using rates of clinical
contact consistent with clinical practice recommendations [18, 22].

Weight maintenance goal. Participants receive information on body composition changes that
naturally occur during pregnancy in people with obesity and are provided with the overarching goal of
maintaining their body weight throughout pregnancy. Participants receive a BodyTrace scale and learn
how to monitor and graph their weight. These graphs show the weight maintenance goal with
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demarcated lines with acceptable variability. If the daily weight is within the goal, the interventionist
reinforces adherence. If the weight change is under or over goal, strategies for optimizing weight
changes are implemented [19].

Structured food provision. To support optimal nutrition and steady gestational fat mass loss,
structured meal plans with full food provision are provided during pregnancy until 2 weeks postpartum
[17-19]. Our prior prenatal intervention with partial food provision (replacing 2 meals) was shown to
reduce excess GWG and improve nutritional adequacy [18]. Food provision may improve the quality of
food stored in participants’ homes, cueing participants to eat these foods, and structure eating in a way
that improves portion sizes, eating patterns and knowledge of the energy content and optimal portions of
commonly eaten foods. Food provision may simplify the task of following and tracking a prescribed diet
and promote adherence [23, 24].

The food provision plan is individualized and designed to promote 25% calorie restriction during the
second trimester followed by isocaloric intake during the third trimester anticipated to result in overall
maintenance in body weight (£3%) and a 5% maternal fat mass loss from baseline to delivery. Measured
fat mass (FM) and fat-free mass (FFM) from the BodPod at baseline is used to estimate the individual
energy requirements and a 25% calorie restriction using our published equation for energy requirements
of pregnant individuals with obesity [11].

Individually developed meal plans comprise 30% of calories from fat, 15-20% from protein, and 50-
55% from carbohydrates [25]. Meal plans include three meals and three snacks for seven days each
week [18, 23, 24], and the study provides commercially available (i.e., Jenny Craig, BistroMD) nutrient
dense foods and high fiber foods with organic and non-organic options and a combination of frozen and
shelf stable foods [18, 23, 24]. Participants supplement these foods and snacks with fruits, vegetables,
and low-fat dairy. Study foods are provided at no cost and replenished at the convenience of each
participant and based on their home storage capabilities. Participants are encouraged to limit sugar-
sweetened beverages.

Physical Activity Regular physical activity is encouraged and participants are recommended to
gradually increase moderate to vigorous weekly activity to at least 150 minutes per week [22]. The
intervention focuses on increasing “lifestyle” activity or gradual increases in the number of steps walked
each day. Participants are encouraged to monitor steps using their personal devices (e.g., smartwatch,
phone). Each week the goal is to achieve 500 more steps per day (1/4 mile) than the previous week until
reaching about 10,000 steps/day [26].

Behavioral Strategies. Intervention sessions are designed to reinforce adherence to the structured
food provision program, review self-monitoring weight and dietary records, problem-solve barriers, and
provide additional support. Topics are shown in Table 1.

Table 1. Intervention session topics

Lesson | Program Lesson Topic
number Week
1 1 Program overview, motivations, weight
recommendations, self-monitoring; give food
provision/ meal plan

2 2 Meal plan & tracking; give pedometer
3 Brief check-in (meal plan)
3 4 Physical activity and lifestyle activity
4 6 Problem solving
5 8 Stimulus control, food, activity, social cues
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After first 5 core sessions, topics may go in order below or other order
depending on participant needs

6 10 Social support & assertion

7 12 Restaurant eating

8 14 Emotional eating & cognitive strategies

9 16 Motivation

10 18 Mindful eating

11 20 Rethink your drink

12 22 Reducing sedentary time

13 24 Grocery shopping and snacking on a budget
14 26 Maintaining success postpartum

15 28 Managing food boredom

16 30 Preventing and managing lapses

17 32 Nausea and vomiting

18 34 Pregnancy cravings

19 36 Holidays, vacations, and special events

Postpartum success. Near the end of treatment (~35 weeks gestation), participants receive guidance
on ways to maintain success after treatment ends. Strategies include continuing the meal plan without
food provision [27, 28], introducing additional self-selected foods, continually increasing physical
activity, being a “role model,” and maintaining a healthy home food and exercise environment.

Standardization of Intervention Delivery

A treatment manual was developed with a curriculum for each of the topics and counselors are
trained to deliver the intervention under direct supervision. Weekly supervision meetings occur to ensure
standardization. Intervention sessions with participants are audio/video recorded with a subset reviewed
and discussed at supervision meetings.

Study Visit Overview

Participants are enrolled in the study for ~8 months; from the week 13-16 of pregnancy until ~2
weeks postpartum. As shown (Table 2), study outcomes are assessed at baseline (13-16 weeks), mid-
point (27-29 weeks), and late pregnancy (35-37 weeks), and at 2 weeks postpartum. Brief safety
measures are collected on approximately a monthly basis throughout the trial, including an additional
ultrasound at ~20 weeks gestation. Due to pregnancy complications or to manage study burden,
ultrasounds are not required but are encouraged at 25-, 31-, and 39-weeks gestation. The goal is to
collect outcome data at our research facilities, but visits may also occur at the participant’s home,
provider office, or elsewhere as needed. Outcome assessment visits are conducted by trained assessors
masked to the intervention group assignment.

On the morning of scheduled outcome assessment visits, participants arrive following a fast of at
least 6 hours. Participants void, and the collected urine is stored for the total body water assessment and
archive storage. Weight is measured and deuterium is consumed. Additional urine collections are
collected at 3 hours, 4 hours, and 5 hours after dosing and stored for total body water assessment. Blood
pressure, pulse, and body composition (BodPod, skinfold thickness, and circumferences) are also
measured. If the participant is unable to attend the study site for the BodPod measurement, body
composition may be measured by a portable bioelectrical impedance (BIA) device. Adverse events and
medication use are recorded, and questionnaires are administered. A fasted blood sample is collected
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from an antecubital vein for glucose, insulin, lipid panel and to obtain an archived sample for future use
(e.g. leptin and inflammatory markers). Participants are familiarized with the ASA-24 dietary recall and
an activity monitor is applied. During the subsequent 5-7 days, participants wear the activity monitor
and complete the ASA24 recall on two days. The postpartum visit for the mother also includes body
composition assessment via a whole-body DXA scan.

Monthly safety visits include measurement of fetal size by ultrasound and record of adverse events and
concomitant medications.

Table 2: Schedule of Clinical Outcome Assessments
Outcome Outcome | Outcome Outcome
Study Visits] SV | Assessment |Assessment|Assessment| Assessment
Visit 1 Visit 2 Visit 3 Visit 4
Gestation Week|<15,3| 13,0-16,0 | 27,0-29,6 | 35,0-37,6 1,0-2,6
postpartum
Anthropometry & Body
Composition
Height, cm X
Weight, kg X X X X X
Circumferences X X X X
Body volume (BodPod), L X X X X
Tota}l body water (*H,O % % X x
Dilution)
Skinfold thickness, mm X X X X
DXA, %fat X
Fetal size (ultrasound) X X
Cardiometabolic Health
HbA1lc (Capillary blood, %) X
Blood pressure, mmHg & pulse X X X X X
Glucose (mg/dL),
insulin(ullﬂ/mi) ) X & X X
Lipid panel, mg/dL X X
Safety Measures
Current Medications & Adverse
Events X X X % X
Dietary intake (ASA-24) X X X
Physical activity (activPAL) X X X
Questionnaires X X X X X
Randomization X
Archive Placenta and Umbilical
Cord Collection*
Chart abstraction X X
Infant Measures
Weight, kg; Length, cm X
Head, Waist Circumference, cm X
Skinfold thickness, mm X
DXA, % fat X
PeaPod, % fat X
Stool sample X

*obtained at delivery
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3 Procedures =
g Maternal Anthropometrics and Vital Signs iy
6 Body weight is measured with participants wearing a hospital gown and underwear using the §
7 same calibrated scale (Tanita Corp, Arlington Heights, IL). Waist and hip circumference are S
8 measured using a spring-loaded tape (Gulick II, Country Technology, Gays Mills, WI). Skinfold §
9 thickness is measured at 6 sites (triceps, biceps, subscapular, iliac crest, mid-calf, and mid-thigh) 2
10 using Harpenden skinfold calipers (Creative Health Products Inc, Ann Arbor, MI). Vital signs (blood 2
1; pressure and heart rate) are measured seated after a 5-minute rest. All anthropometric and vital sign % Q
13 measures are recorded twice. If the two trials differ by more than pre-specified value, a third 0] g
14 measure is obtained. g g
15 8 3
16 Body Composition S B
17 Maternal body composition is assessed via a 3-compartment model in which fat mass is g R
18 calculated from body weight, body density (BodPod®, COSMED USA Inc., Concord, CA), and ; §
;g total body water (deuterium dilution) [29]. Body density is adjusted for a trimester-specific changes 2 §
21 in thoracic gas volume and fat-free mass hydration [30]. Participants receive an oral dose of S 3
22 deuterium (*H,0) as 0.05 grams per kilogram and isotope enrichment is measured in pre- and post- a n
23 dose urine samples at the Mass Spectrometry Core at PBRC [15]. Body density (Dg) and total body E §
24 water (TBW) will be used together with body weight to measure fat mass as follows: Fat L
25 Mass=(2.118+Dg)-(0.78<xTBW-=Body Weight)-1.354 [15]. At the postpartum visit, DXA is gg_s
26 completed to derive a measurement of bone mass which will allow for body composition in 258
27 to also be assessed in a 4-compartment model [31]. 835
28 pregnancy to also p =80
29 E
30 Biological Markers of Health =53
31 Hemoglobin Alc (HbAlc) is measured at screening in capillary blood using a validated point of §§.§
32 care system. Serum and/or plasma is measured centrally in the Clinical Chemistry Core at PBRC for 28
33 glucose, triglycerides, total cholesterol, HDL-Cholesterol, and LDL-Cholesterol (DXC600, gg 3
g;’ Beckman Coulter Inc, Brea, CA), and insulin (Immulite 2000, Siemens, Broussard, LA). Additional 5 @g
36 blood samples are stored for future planned assays, such as leptin, adiponectin, high-sensitivity C- a- '§
37 reactive protein (hsCRP), and inflammatory markers (IL-1, IL-6, IL-8, TNFa). > g
38 E";. =
39 Dietary Intake and Physical Activity = E
40 Dietary intake (calories, macronutrient, micronutrient, diet quality) is assessed with the e T
H Automated Self-Administered (ASA) 24-hour Recall through the National Cancer Institute [32]. The g?; %
fé recall is performed twice by a staff member at the visit or over the telephone; one weekday and one ‘é %
44 weekend day [33]. = 9
45 Physical activity and sedentary behavior are measured for 5 to 7 days with activPAL3 micro = ©
46 accelerometer (PAL Technologies Ltd, Glasgow, Scotland) secured to the midline of the thigh with % >
47 waterproof adhesive covering. Participants are asked to wear the device continuously for the = &
48 assessment period, enabling assessment of time in bed. activPAL data will be analyzed centrally S 8
42 using PAL Technologies software. Days with wear time of more than 16h and/or days with at least 2
?1) 10h of valid awake time will be used in analysis [34]. Outcomes include time spent lying, sitting, >
5o standing, stepping, total steps, MET-hours and time spent in different activity intensities (sedentary, E
53 light, moderate-vigorous). 3
54 2
55 Participant Reported Outcomes §
56 =
57 3
58 10 2
59 o
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At baseline, participant reported outcomes include self-reported pre-pregnancy weight, family
medical history, demographics (maternal and paternal), social history (alcohol, tobacco), and food
security (USDA Food Security Module subscale). Outcome assessment questionnaires include: a
symptom checklist to measure levels of hunger, fatigue, frequency of constipation, and nausea; the
Eating Disorders Examination-Questionnaire (EDE-Q) [35] to assess frequency of unsafe dieting
practices; the Edinburgh Postnatal Depression Scale [36] to examine levels of depressive symptoms; the
Pregnancy Physical Activity Questionnaire [37] to assesses time spent in various activity components,
including household, occupation, sports, and exercise, the Eating Inventory [38] to assesses cognitive
restraint, disinhibition, and hunger; and the Weight Control Strategies Scale [39] to measure weight
control behavioral and psychological strategies, including dietary choices, self-monitoring, physical
activity, and psychological coping. Intent to breastfeed at 35 weeks gestation and breastfeeding at 2
weeks postpartum is measured using questions from our prior work [40] and originally adapted from the
Southampton Women’s Survey and CDC Infant Feeding Practices study [41].

Intervention Adherence and Fidelity.

Intervention adherence is monitored by tracking attendance at core counseling sessions and self-
report of number of days of consuming provided food. Adherence is also measured through the diet,
activity, daily weight, and participant reported outcomes. Intervention fidelity is measured by having
10% of session recordings at each site selected at random and coded for content by independently
trained staff.

Chart Abstraction

Following delivery and/or pregnancy loss, obstetric outcomes, delivery, and neonatal data are
collected by review of delivery and newborn medical records abstracted from the electronic medical
record or hospital charts.

Fetal Ultrasound

Fetal size is measured using conventional two-dimensional (2-D) ultrasound (biparietal diameter
head circumference, transverse diameter and circumference of the abdomen, femur length and
humerus length) by certified ultrasonography technicians who are centrally trained and masked to
the intervention assignment. Three measurements are recorded, and the mean value used to estimate
fetal weight will be calculated using the Hadlock formula [42]. For safety surveillance, fetal weight
is estimated in real time. Idiopathic fetal growth restriction will be defined as estimated fetal weight
<10% of the sex and gestational age norms [43].

Infant Assessments

Infant weight is obtained using a standard electrical infant scale with the infant undressed.
Recumbent infant length is measured using an infantometer and standard measuring tape is used to
measure maximal head and abdominal circumference. Skinfold thickness is measured in duplicate at
4 sites (triceps, subscapular, iliac crest and thigh). Adiposity is assessed with air displacement
plethysmography (PeaPod, Life Measurement Inc, Concord, CA) [44] and with a 3-compartment
model using DXA.

Data and Safety Monitoring
Data across the two sites is collected using standardized case report forms or data upload utilities to
a central database at Pennington Biomedical. A Data Safety Monitoring Board (DSMB) comprised of
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four individuals (physician scientists, clinical researchers and a lay person with lived experience) is
convened twice per year and monitors the conduct of the trial. Data on adverse events, recruitment and
data completeness is locked at six-month intervals and used to provide aggregated reports to the DSMB.

Outcomes

The primary outcome of the trial is weight change over time from early (13-16 weeks) to late (35-37
weeks) pregnancy and postpartum (2 weeks). Secondary outcomes for the enrolled pregnant participant
are fat mass from early to late pregnancy and postpartum. Other pre-specified outcomes for the enrolled
pregnant participant are total body water, fat-free mass, dietary intake, physical activity, and maternal
cardiometabolic health (e.g., blood pressure, lipids, glucose, insulin), perinatal outcomes, and fetal
growth; and for enrolled infant, neonatal size and body composition.

Sample Size and Power Calculations

Sample size estimates were produced assuming a 3=0.8 (power) and 0=0.05 (significance) to detect a
difference in both body weight and fat mass change between the Provider Directed Group and the
Weight Maintenance Group at the end of the intervention. The sample estimates are inflated to allow for
an ~8% loss of data while maintaining desired power (3=0.8). The loss to follow-up accounts for
participants that may drop out of the study and those that may be required to discontinue due to
contraindications, safety alerts, or premature delivery of the infant prior to 35-37 weeks. Estimates for
the change in total gestational weight and fat mass (35-37 weeks minus baseline) in the Provider
Directed group were derived from pregnant individuals with obesity in the MomEE trial [15]. The
gestational fat mass loss intervention is expected to promote no net weight gain (0 kg) and a 5 kg loss of
fat mass. We are sufficiently powered to detect at least a 2.5 kg difference in total GWG (with 92
subjects; 46 per group) and 2.0 kg difference in fat mass gain (with 82 subjects; 41 per group) between
the Provider Directed Group and the Weight Maintenance Group at the end of the intervention.

Statistical Analysis Plan

Statistical analyses will be completed using SAS/STAT® software (Cary, NC, USA) by study
biostatistician (RAB). All analyses will be performed with significance level 0=0.05. Outcomes will be
assessed for normality (where appropriate) with the Shapiro-Wilk test. Non-normally distributed data
will be log-transformed; yet, if data are still non-normally distributed following transformation, non-
parametric analyses will be conducted on these outcomes Treatment and Obesity Grade will be included
in all models. Planned potential covariates will include 1) study site, 2) maternal age, 3) weight at
screening, 4) parity, 5) race/ethnicity, and 6) gestational diabetes mellitus diagnosis. Intent to treat
analysis will be the primary analysis type. Multiple imputation (Markov chain Monte Carlo method,
preferred) may be performed if there is a large amount (>10%) of missing data. To decrease the degree
of missing data, we will extract the prenatal and delivery record, and, specifically for participants who
fail to return to clinic, weight measurements will be acquired from the planned chart abstraction.
Mediators (e.g., eating, activity) and moderators (e.g., parity, obesity grade, race/ethnicity) of
intervention effects will also be examined.

Statistical models for the outcomes will use weight, fat mass, and cardiometabolic disease risk
factors. Results will be expressed as least square means based on the linear mixed effect models for
group differences at 35 weeks gestation and 2 weeks postpartum. Secondary outcomes will also use
mixed effect linear models to test equivalence between the Provider Directed Group and Weight
Maintenance Group for fetal growth, neonatal size, and infant body composition at 2 weeks. Maternal
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appetite, eating disorder, depressive symptoms, reported adverse events, breastfeeding initiation, and
incidence of SGA will be analyzed using a generalized mixed effect model.

Additional exploratory outcomes dietary intake, physical activity, and weight control behaviors,
using all available data at the appropriate time points with the addition of appropriate covariates to
adjust for potential confounds. Multiple linear regression, logistic regression, or repeated measures
ANOVA will also be used to examine relationships among these variables and associations with weight
changes; we will follow approaches outlined by Kraemer et al.[45], to explore potential mediators and
moderators of treatment outcome. As we also present exploratory aims, results for frequencies of
adverse obstetrical outcomes by treatment conditions will be expressed as contingency tables with
incidence rate. Generalized linear mixed model may also be used if covariates have a significant impact
on model fit.

PATIENT AND PUBLIC INVOLVEMENT

The intervention was developed using acceptability ratings among obstetricians and individuals of child-
bearing age with obesity. Obstetricians reported that they would feel “moderately” to “extremely”
comfortable if pregnant patients with obesity underwent “a lifestyle program that promoted modest (5%)
fat loss during the second trimester of pregnancy followed by weight maintenance during the third”.
Importantly, most reported they were willing to refer patients to our proposed lifestyle intervention.
Among individuals of child-bearing age with obesity, there was high acceptability of gestational weight
loss and/or gestational weight maintenance to promote pregnancy health.

DISCUSSION

Observational data suggest that pregnant people with obesity may have the best pregnancy outcomes
with gestational weight maintenance, but clinical trials are lacking. Without such trials, the potential
benefits or harms of gestational weight maintenance and fat mass loss during pregnancy are unknown,
there can be no practical recommendations for individuals with obesity to continually manage their
obesity in pregnancy [46-48]. An estimated 1.1 million individuals in the United States enter pregnancy
having pre-existing obesity each year [49] and are at high risk of experiencing life-long health problems
for themselves and their children. If intentional fat mass loss during pregnancy is shown to be safe and
effective, the prenatal period would remain the most opportune time to intervene, given that nearly all
individuals intersect with healthcare delivery during this life stage and with frequent monitoring.

The trial includes two sites with a goal of enrolling a diverse sample of pregnant individuals (~30%
Hispanic and ~30% African American). The only other trial to explore GWM throughout pregnancy [50,
51] used a lower intensity intervention, had minimal racial/ethnic and socioeconomic diversity, and
lacked measures of cardiometabolic health. The proposed study addresses these limitations by
intensifying the intervention on an individual level with use of food provision based on published
estimates of energy requirements for pregnant individuals with obesity, inclusion of accurate body
composition and cardiometabolic health measures, and enrollment of a diverse sample at greatest risk of
obesity-related disease [52].

The intervention’s use of a calorie prescription derived from highly rigorous research on maternal
body composition and energy expenditure [15] and provision of full meal replacements 7 days per week
is novel in pregnancy research. Outside of pregnancy, food provision, with portion sizes and nutritional
content being controlled has been shown to lead to more weight loss than either self-directed dieting or
structured behavioral weight management programs without food provision and in diverse populations
[24, 53-56]. Commercially provided food provision programs with physical activity and behavioral
strategies have shown 2-3 times greater weight losses [23, 53-58]. We previously tested the efficacy of a
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behavioral program with partial meal replacement during pregnancy and found that it effectively
reduced excess gestational weight gain and improved nutritional adequacy in individuals with obesity
[18]. Food-as-medicine initiatives [59] provide access to optimal nutrition, reduce adverse health risk
factors, and improve health outcomes, which may subsequently lower the overall cost of current and
future healthcare. If programs, such as Healthy Mamas/Mamis Saludables, are successful, future
implementation research would be warranted and food provision and prescriptive diets as part of
comprehensive lifestyle interventions may become a formal, consistent component of pregnancy and
postpartum care to enhance short- and long-term health in pregnant people with obesity.

The trial design has many strengths. Healthy Mamas/Mamis Saludables is rooted in extensive prior
observational literature including hundreds of thousands of pregnancies that have suggested that that
weight maintenance in pregnant women with obesity may reduce several adverse outcomes and improve
the health of mothers and children. We are incorporating a highly innovative gestational fat mass loss
intervention, which was informed by our own pilot data[15]. We anticipate a large effect size of the trial.
Based off our pilot data, we anticipate 67% percent of individuals in the usual care group will gain
weight in excess of NAM guidelines (>9 kg). However, we conservatively powered the current trial
assuming that 50% of those in the usual care group would gain in excess, allowing for an inflated
sample size to test the feasibility and acceptability of a fat mass loss intervention of a prolonged
intensive behavioral intervention prescribing a 25% calorie restriction. We are also utilizing state-of-the-
art outcomes and procedures across two highly skilled sites known for their work in pregnancy
interventions and recruitment of diverse populations.

It is possible that the intervention will not produce gestational weight maintenance. However, we have
designed the intervention to expand or contract in intensity, as needed, to facilitate intervention goal
attainment. Similarly, we will not be providing the same frequency of contact or food provision to the
provider directed group, which could lead to differential retention rates. However, we have had
extremely high retention rates in our non-intervention control groups in prior completed and current
ongoing studies. In our prior trial, we provided evidence that a partial meal replacement program
reduced gestational weight gain by ~2 kg. Our current intervention builds upon and intensifies this work
by adding full food provision, evidence-based calorie restriction, and the provision and monitoring of
weight maintenance goals. Collectively, these elements are anticipated to produce the strongest prenatal
weight management intervention effect documented to date.
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AUTHORS’ NOTE

Throughout this manuscript, the authors refer to pregnant individuals as “mothers” and utilize the
verbiage “maternal”. The authors acknowledge that gender non-conforming people and those that
identify as male assume such roles. The wording in the manuscript was chosen for ease of reading.
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Figure 1. Healthy Mamas/Mamis Saludables Clinical Trial Design

Example weight trajectories for individuals randomized to Usual Care versus Weight Maintenance Groups.

Figure 2. Healthy Mamas/Mamis Saludables Multicomponent Behavioral Intervention
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Figure 1. Healthy Mamas/Mamis Saludables Clinical Trial
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Figure 2. Healthy Mamas/Mamis Saludables
Multicomponent Behavioral Intervention

Environmental 4|

= Food provision and structured
meal plan

= Stimulus control
+Food cuesin home a
+ Activity cues Eating
+Scalein home + graph
+Social cues (other kids in home)

25% calorie restriction during the
2nd trimester eucaloric during 3rd

—

Behavioral

Lifestyle
Intervention

{equation)
+ Goal setting, feedback, and 30% fat, 15-20% protein; 50-55% I

reinforcement carbohydrate
= Self-monitoring of calorie intake,
activity, and body weight
= Planning
+ Problem-solving

+ Assertiveness ACt|V|t\/

Maintenance in
body weight and a
5% maternal fat
mass loss from
baseline to delivery

»150 minutes per week

Psychological T

N

Gradual increases in steps
« Intrinsic motivation (health, role

in family, body image)
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