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Abstract

Introduction: Maternal obesity increases neonatal risk for obesity and metabolic syndrome later
in life. Prior attempts to break this intergenerational obesity cycle by limiting excessive gestational
weight gain have failed to reduce neonatal adiposity. Alternatively, pre-conception lifestyle
interventions may improve the /n utero metabolic milieu during early pregnancy leading to
improved fetal outcomes. This randomized controlled trial (RCT) is evaluating whether a lifestyle
intervention to reduce weight and improve maternal metabolism in preparation for pregnancy
(LIPP) attenuates neonatal adiposity, compared to standard medical advice.

Material and Methods: Overweight/class 1 obese women after a previous pregnancy, ~12
weeks postpartum, preparing for a subsequent pregnancy, will be block randomized (1:1) to either
LIPP or standard of care in a parallel design. Randomization is stratified by lactation status and
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overweight vs. class 1 obesity. The LIPP program consists of intensive short-term weight loss
followed by weight maintenance until conception using supervised exercise and a low glycemic
Mediterranean diet.

Primary Outcomes: Group differences in neonatal adiposity at birth assessed by PEA POD and
placental mitochondrial lipid metabolism.

Secondary Outcomes: Group differences in maternal pregravid and gestational body
composition, insulin sensitivity, B-cell function, fasting metabolic and inflammatory biomarkers,
and overall quality of life. Exploratory outcomes include umbilical cord blood insulin resistance,
lipid profile and inflammation.

Discussion: This RCT will determine the efficacy of maternal weight loss prior to pregnancy on
reducing neonatal adiposity. Findings may change standard obstetrical care by providing Level 1
evidence on lifestyle interventions improving neonatal outcomes for women planning for
pregnancy.

Keywords

postpartum; pregnancy; gestational weight gain; maternal obesity; postpartum weight loss; fetal
adiposity; lifestyle intervention; Mediterranean Diet

INTRODUCTION

Neonates born to mothers with obesity are at increased risk for obesity[1] and metabolic
syndrome[2] during childhood. We hypothesize that maternal weight loss may break this
intergenerational obesity cycle; however, the most effective time to implement a lifestyle
intervention in mothers with obesity is currently unknown. Several randomized controlled
trials have employed lifestyle interventions for women with obesity during pregnancy, yet
have failed to provide evidence that this approach improves neonatal outcomes[3-9]. As a
result, there is a growing consensus that lifestyle intervention initiated during pregnancy
does not decrease fetal overgrowth—even in the presence of maternal improvements,
including reduced gestational weight gain and dietary maternal glycemic load, improved
physical activity, and body composition[10, 11]. A potential reason for these disappointing
conclusions is that placental growth rates and nutrient metabolism may be programmed by
maternal metabolic status during early pregnancy, representing a critical time window for
placental function to affect fetal growth and development[12]. Thus, initiating a lifestyle
intervention during gestation (after the first trimester) may be too late to improve neonatal
metabolic health.

Pregravid BMI in obese women is a strong predictor of childhood obesity, independent of
maternal gestational diabetes mellitus (GDM) or excessive gestational weight gain (GWG)
[13, 14], raising the possibility that lifestyle intervention prior to pregnancy may break the
intergenerational obesity cycle. One mechanism whereby this may occur is through
optimizing the /n utero metabolic milieu as early as the first trimester, resulting in healthy
fetal growth and development. A leading physiological candidate for gestational overgrowth
is maternal hyperinsulinemia and insulin resistance, which occurs to a larger degree in
women with obesity compared to normal weight women[15]. Thus, weight loss in women
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with obesity may improve pregravid insulin sensitivity and p-cell function by normalizing
circulating insulin levels to that of normal-weight women, resulting in a metabolically
healthy /in utero environment and promoting optimal fetal growth. While in utero
modification of maternal metabolism holds promise as an effective strategy to reduce excess
fetal adiposity known to contribute to childhood obesity it has yet to be prospectively tested.

The primary objective of this randomized controlled trial (RCT) is to test the efficacy of a
lifestyle intervention, initiated prior to conception, on fetal health in women with
overweight/class 1 obesity. We will examine how maternal lifestyle intervention after a
previous pregnancy, and prior to a subsequent pregnancy, impacts maternal metabolism and
subsequent fetal growth/adiposity. In order to gain insight into potential contributing
mechanisms, we will assess differences in maternal insulin sensitivity, p-cell function, and
inflammatory biomarkers. We will also examine how lifestyle intervention prior to
pregnancy affects placental mitochondrial function and lipid oxidation, which potentially
alters lipid availability to the fetus. This information would provide a mechanism whereby
maternal pre-pregnancy metabolic milieu regulates placental nutrient function, transfer and
subsequent fetal growth.

MATERIAL AND METHODS

Study Design and Randomization

The Lifestyle Intervention in Preparation for Pregnancy (LIPP) study is a parallel design
multicenter RCT in which overweight and obese postpartum women are prospectively
assigned to either LIPP or standard of care (Figure 1). Participants are randomized (1:1) in
blocks of 4 according to the following stratifications: (1) BMI 25-30, not breastfeeding at 3
months, (2) BMI 25-30, breastfeeding at 3 months, less than 50% (3) BMI 25-30,
breastfeeding > 50% at 3 months, (4) BMI 30-35, not breastfeeding at 3 months, (5) BMI
30-35, breastfeeding at 3 months less than 50%. (6) BMI 30-35, breastfeeding > 50% at 3
months. The study will enroll 200 participants across all sites.

Screening, Enrollment, and Recruitment

The participating institutions include Tufts Medical Center, Pennington Biomedical
Research Center, MetroHealth Medical Center, and Cleveland Clinic. Eligible participants
will be enrolled into the study at approximately three months postpartum (+/- 3 weeks).
Participants must have been overweight or obese (BMI: 25-35) prior to their most recent
pregnancy, between the ages of 18-40, and planning on a future pregnancy within the
following 1-2 years. Inclusion and exclusion criteria are presented in Table 1. Prior to
enrollment, participants are screened for eligibility and medical clearance in order to enroll
in the study. Group assignment occurs after the confirmation of eligibility criteria. This
study is using a centralized Institutional Review Board at Tufts Medical Center. All
participants must provide written informed consent prior to participation.

Participant recruitment is achieved by face-to-face recruitment efforts in clinical settings,
which is supported by partnerships with various local hospitals and birthing centers.
Interested participants are provided with general advertising materials, including study
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website and flyers. Social media advertisements and digital campaigns are also used to
generate public awareness, and the study team regularly attends community events for new
and expecting mothers.

Lifestyle Intervention in Preparation for Pregnancy (LIPP) Group: This
assignment involves sequential phases of personalized weight loss and subsequent weight
maintenance. Each of the phases differ by the degree of supervision and participant
independence.

Phase 1: Intense Weight Loss Phase (12 weeks). The initial phase of the intervention
consists of a closely supervised exercise and diet approach. The exercise component consists
of 60-minute sessions at 80-85% HRmax, Occurring at a frequency of 3-5 days per week.
Exercise mode varies, and includes treadmill, cycle, and/or elliptical machines. Exercise
sessions are supervised by a trained exercise physiologist or qualified research staff.
Exercise intensity is monitored using Polar heart rate monitors. Exercise compliance is
based on exercise session attendance, which is recorded in individual training logs.
Additionally, participants are counseled to maintain a daily step count of >10,000 steps per
day and receive an electronic scale (Aria, FitBit, California, USA) and fitness watch (Fitbit,
California, USA) for additional support and monitoring. Compliance to physical activity
recommendations is monitored using FitBit tracking. The dietary component involves
behavioral counseling by a registered dietitian or trained research staff on reducing caloric
intake to achieve weight loss through adherence to a low glycemic Mediterranean Diet. One-
on-one nutrition counseling sessions will occur on a weekly basis. Dietary compliance is
monitored using a Mediterranean diet adherence questionnaire (modified from the MEDAS)
[16]. Additionally, quantitative nutrition data is collected via 3-day dietary records and 24-hr
dietary recalls every 4 weeks. Participants are provided with extra virgin olive oil imported
from Sicily. The desired weight loss target is approximately 5-7% weight loss from
pregravid body weight, and additional weight loss is acceptable.

Phase 2: Sustained Weight Loss and Maintenance Phase. Phase 2 is divided into three
periods that progressively reduce in the degree of supervision, and eventually transition to
participant independence. During the first 12+ weeks (Phase 2A), participants will continue
to exercise 3-5 days per week, but will be supervised for 2-3 of these exercise sessions.
Exercise mode may additionally consist of structured exercise classes and participants are
counseled to maintain additional unsupervised exercise for 60 minutes per day, up to a total
of 5 exercise sessions per week at 85% HRpy,x and a step count of >10,000 steps per day.
Exercise compliance will be assessed as exercise session attendance per week, including
supervised and unsupervised sessions. Physical activity compliance will be monitored using
FitBit tracking. The dietary approach uses individualized strategies to promote weight loss
or weight maintenance through continued counseling on the low glycemic Mediterranean
dietary pattern. Dietary compliance during phase two will be assessed using the
Mediterranean adherence questionnaire, 3-day dietary records, and 24-hr dietary recalls
collected at 6, 9, 15, and 21-months postpartum.

Contemp Clin Trials. Author manuscript; available in PMC 2021 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Erickson et al.

Page 5

If the desired weight loss is maintained, participants move into a more independent and less
supervised phase (Phase 2B) for the next 24 weeks. The dietary component consists of
individualized behavioral therapy to promote weight maintenance and adherence to the low
glycemic Mediterranean dietary pattern. The exercise component shifts to 1 supervised
exercise session per week, lasting 60 minutes in duration. Exercise mode may additionally
consist of structured exercise classes. Participants are counseled to continue to achieve
additional unsupervised exercise up to 5 days per week and a step count of >10,000 steps per
day.

If the desired weight loss is maintained after this 24-week period, and the participant has not
yet become pregnant, participants are no longer required to attend supervised exercise
sessions (Phase 2C). Participants are counseled to maintain up to 5 exercise sessions per
week and to continue to follow a low glycemic Mediterranean Diet supplemented with
study-provided extra virgin olive oil. Participants are monitored by bodyweight and weekly
step count via electronic scale (Aria, FitBit, California, USA) and fitness watch (FitBit,
California, USA). Participants remain in this phase up until they become pregnant. Thus, the
time duration spent in this phase will vary across participants. Participants will be contacted
once a month and encouraged to adhere to the protocol, as well as report on pregnancy
status. If at any time, weight loss or weight maintenance is not achieved (i.e., weight regain
occurs), participants receive additional counseling and supervision until target bodyweight is
sustained.

Standard of Care: Participants randomized to standard of care are provided with
behavioral counseling from a registered dietitian or trained research staff and receive
handouts describing healthy behaviors including physical activity guidelines from the
Department of Health and Human Services and US Department of Agriculture Dietary
Guidelines. Participants continue to receive advice and recommendations from their primary
healthcare providers. Participants who are not pregnant at the end of the 18-month pre-
pregnancy study period (21 months postpartum) are followed by study staff with a monthly
telephone call encouraging them to follow the plan they were assigned at randomization and
inquire if they are pregnant. If pregnant, participants are scheduled for their early pregnancy
metabolic assessment.

Subsequent Pregnancy and Delivery: Participation in the treatment allocation ceases
upon confirmation of pregnancy. All participants are asked to follow a diet supporting
healthy weight gain during pregnancy and to maintain moderate physical activity based upon
their level of physical activity before pregnancy, per the subject’s primary obstetrical
caregiver and American College of Obstetricians and Gynecologists (ACOG) guidelines.
Study staff maintain contact with participants during the perinatal period and through
delivery.

STUDY ENDPOINTS

The primary outcomes are differences in neonatal adiposity at birth and placental lipid
oxidation. We hypothesize that women who initiate a lifestyle intervention prior to
pregnancy will deliver a baby with lower fat accretion and enhanced placental mitochondrial
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function. Secondary outcomes are the mother’s pregravid metabolic health. We hypothesize
that a lifestyle intervention initiated before pregnancy will lower maternal insulin resistance,
inflammation, body weight, adiposity, resting energy expenditure, and improve exercise
capacity compared to standard of care. The rationale for these endpoints is that maternal pre-
pregnancy BMI and neonatal adiposity at birth are risk factors for childhood adiposity and
metabolic dysfunction[13]. A timeline of neonatal and maternal primary and secondary
outcome assessments is presented in Table 2.

OUTCOME ASSESSMENTS

Neonatal Assessments

Body Composition: Neonatal adiposity will be assessed at the time of birth using air
displacement plethysmography (PEA POD, Cosmed, Rome Italy). Additionally, validated
neonatal anthropometrics will be assessed including skinfold measures. Neonatal weight will
be assessed using a calibrated scale, and length will be measured to the nearest 1.0 cm.

Placental Mitochondrial Lipid Oxidation: The placenta will also be collected and
processed for assessments of mitochondrial lipid oxidation as described previously[17].
Briefly, freshly isolated placental explants will be incubated in the presence of 100 uM cold
palmitate and 3H-palmitate for 18 hrs. At the end of the incubation period, media will be
collected to quantify the FAO rate by detection of 3H,0 using the vapor phase equilibration
method. Esterification into total lipids will be determined by homogenizing the treated
explants in acetone and incubating with agitation at room temperature overnight. An aliquot
of the acetone-extract lipid suspension will be used to determine the radioactive content by
liquid scintillation counting. Oxidation and esterification rates will be defined as nmol
palmitate/mg tissue/hr.

Metabolic Status: Venous umbilical cord blood will be obtained for measurement of
glucose, insulin, C-peptide, lipid profiling, and inflammatory markers, including C-reactive
protein (CRP), interleukin (IL)-6 and leptin. Neonatal insulin resistance will be determined
by Homeostatic Model Assessment of Insulin Resistance (HOMA-IR).

Maternal Assessments

Metabolic testing will be performed at baseline, approximately 3 months postpartum and
after the initial fully supervised weight loss phase, and then at the subsequent 6, 9, 15, and
21-month time points. During the subsequent pregnancy, assessments will be conducted at
12-16 and 32-36 weeks of gestation. Maternal metabolic assessments include body
composition, resting energy expenditure, exercise capacity, insulin sensitivity and p-cell
function, as well as metabolic and inflammatory biomarkers.

Body Composition: Anthropometry measurements include height, weight, and hip and
waist circumference measured to the nearest 1.0 cm (pre-pregnancy). Body composition will
be assessed by whole body air plethysmography (Bod Pod; Cosmed, Rome, Italy)[18] using
a hydration constant of 76% for fat free mass during late pregnancy[19].
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Resting Energy Expenditure: Indirect calorimetry will be performed in the fasted state
with the subject laying supine. Expired air is continuously sampled for 30 minutes using an
automated system (reference system/s) in a semi-darkened, thermoneutral (22 + 1°C)
environment under a ventilated hood. Oxidative and non-oxidative glucose metabolism is
estimated and urine samples are obtained before and after the measure in order to calculate
non-protein RQ (NPRQ).

Exercise Capacity: An incremental graded treadmill test is performed to assess maximal
oxygen consumption. Valid tests must achieve three of the following four criteria: oxygen
consumption plateau (< 150 ml/min), heart rate within 15 beats of age-predicted HRyax,
respiratory exchange ratio > 1.15, and/or volitional fatigue, as previously described[20-23].

Insulin Sensitivity and p-Cell Function: A 75-gram oral glucose tolerance test
(OGTT) is used to assess insulin sensitivity and p-cell function. After an overnight fast,
blood samples are drawn at —10, 0, 30, 60, 90, 120, and 180 minutes after the time of
glucose ingestion. Plasma glucose is measured using the glucose oxidase method (YSI;
Yellow Springs, OH). Insulin will be measured by radioimmunoassay (Millipore, Billerica,
MA). Diagnosis of gestational diabetes mellitus (GDM) is made using criteria recommended
by ACOGJ[24].

Metabolic and Inflammatory Biomarkers: At the baseline visit, fasting blood samples
are obtained to measure complete blood count (CBC), thyroid stimulating hormone (TSH),
HbA ¢, lipid panel (triglycerides, total cholesterol, high-density lipoprotein cholesterol, and
low-density lipoprotein cholesterol), liver function, renal function and total free fatty acids
(FFA). At the baseline visit and all other study visits, fasting blood samples are obtained to
measure circulating inflammatory markers by ELISA (R&D Systems, Minneapolis, MN),
including: adiponectin, leptin, interleukin-6, interleukin-8, TNF-a., and hsCRP. Longitudinal
samples from individual participants will be stored at —80°C and run in the same assay in
duplicate at completion to decrease variability.

Quiality of Life Questionnaire: The Short Form Health Survey (SF-36) is being used to
assess health-related quality of life[25, 26]. These data will provide a measure of physical
and mental health through assessment of physical functioning, bodily pain, limitations due
to physical, personal, or emational problems and well-being, energy/fatigue, and general
health perceptions.

STATISTICAL ANALYSIS PLAN

Sample Size and Power

The primary analysis for maternal metabolic outcomes is based on an intent-to-treat
comparison between LIPP and standard of care. Group comparisons among study outcomes
will be performed using a two-sample test, a=0.05. Covariates will be adjusted using linear
regression models. Based on our previous findings from 1-year postpartum mothers, it is
estimated that we will have 90% power to detect an absolute or covariate-adjusted
improvement in insulin sensitivity of 30%, and an 80% power to detect an improvement as
small as 25% in the LIPP relative to standard care[27, 28]. Corresponding 95% confidence
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intervals for absolute or covariate-adjusted differences or percent improvements in insulin
sensitivity between groups will be reported. It is estimated that the standard deviation of
change in BMI from randomization until subsequent pregnancy is 5.1 kg/m2. We will have
90% power to detect an absolute or covariate-adjusted difference in BMI of 2.6 kg/m? and
80% power to detect a difference of 2.26 kg/m? and 90% power to detect an absolute or
covariate-adjusted difference in fat mass of 5.9 kg and 80% power to detect a difference of
5.1 kg between groups.

The primary analysis for differences in neonatal adiposity is also based on an intent-to-treat
comparison. Group comparisons among study outcomes will be performed using a two-
sample test, a=0.05. Linear regression will be performed, which will include weight (body
composition measures) of the participants’ index baby as a covariate. Should any imbalance
of confounding factors (for example gestational age) in groups be recognized, linear
regression models will be used to perform a covariate adjustment. Based on our preliminary
data, we estimate a standard deviation of neonatal mass between groups to be no more than
225 grams. With at least 50 women in each group (assuming a 50% dropout), the t-test or
linear regression will have 90% power to detect an absolute or covariate-adjusted difference
of 146 gram fat mass between groups. We have 80% power to detect an absolute or co-
variate adjusted as small as 126 g fat mass between groups. Corresponding 95% confidence
intervals for the absolute or covariate-adjusted difference in neonatal fat mass between
groups will be reported.

We will also determine the effect of lifestyle intervention prior to pregnancy on placental
mitochondrial fatty acid oxidation at term. We will conduct an intent-to-treat analysis using
two sample t-test or non-parametric Wilcoxon rank-sum test to assess differences between
groups with a level=0.05. Regression analyses will be used to assess the associations of
placental B-oxidation and enzyme activity with maternal inflammatory cytokine levels and
insulin resistance in early pregnancy, along with neonatal fat mass with adjustment for
gestational age and gender. Based on our previous studies of placental mitochondrial -
oxidation in obese women (38 + 14 nmol/mg/hr)[17] a sample size of n=18 per group
achieved 80% power to detect a difference of 25% between groups using a two-sample t-test.

The same statistical analyses procedures will be applied to secondary outcomes, which will
also follow an intent-to-treat approach. Based on our preliminary data, we estimate the
standard deviation of birth weight to be 700 grams; with 50 neonates in each group we will
have 90% power to detect an absolute or covariate-adjusted difference of 455 grams in birth
weight and 80% power to detect a 393 g difference between groups. Additional secondary
analyses will be performed on umbilical cord cytokines. Comparisons will be performed
using a two-sample t-test at a significance level of a=0.05. Mann-Whitney U tests or log
transformations will be employed if data are non-normally distributed. Linear regression
models, including confounding factors will be used to perform covariate adjustments. Based
on our previous findings[29], it is estimated that the standard deviation of umbilical cord
IL-6 and CRP will be 3.4 pg/mL and 7,900 ng/mL, respectively. With 50 women in each
group, we will have 90% power to detect an improvement in IL-6 and CRP levels of 50%
and 42%, and 80% power to detect an improvement of 42% and 36%, respectively.
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DISCUSSION

The LIPP trial is a proof-of-principle study evaluating whether a lifestyle intervention to
reduce weight in preparation for pregnancy will reduce neonatal adiposity at birth, compared
to a group who received standard medical advice, which we refer to as the standard of care
group. Several studies have employed lifestyle interventions in pregnant women but have
failed to provide evidence that this approach leads to significant differences in birthweight or
more specifically reduced neonatal adiposity. For example, implementation of a lifestyle
intervention initiated between 10-14 weeks of gestation resulted in decreased gestational
weight gain, yet a paradoxical increase in neonatal body weight at birth[30]. Other RCTs
report that lifestyle interventions do not reduce the incidence of large for gestational age
babies, despite improved maternal metabolic health[10, 11]. In further agreement, as many
as five meta-analyses conclude that lifestyle intervention initiated during pregnancy does not
decrease fetal overgrowth[3-7].

These consistent findings highlight the need to test pregravid metabolic health as a treatment
target for improving neonatal adiposity. Pregravid maternal BMI is the strongest predictor of
childhood obesity, independent of maternal gestational diabetes mellitus (GDM) or
excessive gestational weight gain (GWG)[13, 14]. In addition, interpregnancy weight
reduction is associated with reduced LGA, while interpregnancy weight gain is associated
with increased LGA[31]. A potential explanation for these relationships is that maternal
metabolism during early pregnancy, rather than late pregnancy, may be the dominant driver
of placental growth, development, and nutrient metabolism[12]. In support, obesity-
associated hyperinsulinemia and insulin resistance during early pregnancy negatively
impacts placental development by disrupting cholesterol homeostasis and mitochondrial
function[32]. Thus, strategies that normalize pregravid hyperinsulinemia and insulin
resistance may promote healthy fetal growth and development. Lifestyle interventions
utilizing exercise and dietary approaches are feasible, safe and effective for reducing body
weight in postpartum women even during lactation[33-38], and thus may be a valuable tool
to reduce pregravid BMI, and break this vicious intergenerational obesity cycle. From the
current study design, it is not possible to disentangle which specific constituents of the
lifestyle intervention (e.g. diet, exercise, or the combination) are driving maternal and
neonatal improvements. However, longitudinal assessments of maternal weight loss as well
as maternal metabolic assessments will inform our understanding of the relationship
between maternal and neonatal metabolic health. The LIPP study is one of the first of its
kind, as we aim to improve maternal metabolic status prior to conception, rather than during
the time of gestation, to affect fetal growth and potentially long-term metabolic function.
On-going studies are evaluating the effects of pre-pregnancy lifestyle interventions as a
means to intervene on health outcomes, including gestational diabetes re-occurrence (NCT:
NCT02763150), reduced pre-pregnancy weight gain (NCT: NCT02346162), and fetal
morphometry (NCT: NCT02541487). This underscores that pre-conception health is gaining
momentum as a treatment target.

A primary strength of the LIPP study is that we will evaluate the effects of the intervention
at several points pre-pregnancy and during gestation, which will ultimately contribute to a
comprehensive physiological and mechanistic viewpoint. We will assess changes in
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pregravid maternal health, as well as subsequent changes in neonatal metabolic health at the
time of birth. These data will be supported by assessments of placental lipid metabolism,
providing mechanistic insight into the maternal-fetal intergenerational obesity cycle.

Clinical Implications

Findings from the LIPP study have the potential to provide Level 1 evidence for a 2009 IOM
“Guidelines for gestational weight gain in pregnancy” objective. Research recommendation
S-7 suggests that by providing pre-conceptual services to women with obesity, including diet
and exercise, represents a radical change to the care provided to overweight and obese
women of childbearing age[39]. This lifestyle intervention has minimal risk, and thus, has
potential for widespread adoption in other settings. If successful, the next step is to
determine a cost effective, large-scale implementation approach.

CONCLUSION

This is one of the first randomized controlled trials to test whether lifestyle intervention in
preparation for pregnancy can break the vicious intergenerational obesity cycle. We will gain
insight into how maternal metabolic health status is related to the fetus via the /n utero
environment. Specifically, we will evaluate whether a lifestyle intervention initiated prior to
conception improves maternal insulin sensitivity, thereby normalizing maternal
hyperinsulinemia and insulin resistance during early pregnancy, thus promoting a healthy /n
utero metabolic milieu, consequently resulting in healthy neonatal growth. Taken together,
these data will provide the option to develop strategies to break the vicious cycle of obesity,
starting prior to conception. Findings from the LIPP study have the potential to result in a
paradigm shift in obstetrical medical practice by changing the way clinical care is provided
to women planning to become pregnant.
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Figure 1 Caption.
The lifestyle intervention in preparation for pregnancy (LIPP) study design. 200 women

approximately 12 weeks postpartum, classified as overweight or class | obesity prior to their
most recent pregnancy, will be prospectively randomized (1:1) in blocks of 4 to receive
either the LIPP or standard of care treatment. The LIPP program consists of 3 months of
intensive weight loss, followed by weight loss maintenance lasting until their subsequent
pregnancy. Maternal outcome assessments will occur at 3, 6, 9, 15, and 21 months
postpartum. Both LIPP and standard of care participants will receive routine clinical
management for maternal and gestational health during their subsequent pregnancy.
Maternal outcome assessments will occur at 12-16 and 32-36 weeks of gestation. Neonatal
body composition will be determined within 72 hours of birth upon delivery.
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Inclusion Criteria

Exclusion Criteria

1 Pregravid BMI: 25-35 kg/m?

2 Planning a subsequent pregnancy within the next
24 months

3 Previous full-term singleton pregnancy
(gestational age > 37 weeks)

4 18-40 years at time of enrollment

5 Vaginal or cesarean delivery

6 Normal glucose tolerance or GDM, but without
evidence of postpartum diabetes

7 Normal blood pressure or mild preeclampsia but
normal postpartum blood pressure

8 Bottle or breast feeding

9 Normal thyroid function, normal blood cell

count, normal kidney function and normal liver
function. Lipid profile with triglyceride levels not
higher than 400 mg/dL (fasting) and LDL levels
less than 180 mg/dL.

10 No clinical signs or symptoms of CVD or any
other disease or condition that may
contraindicate participation in exercise training
(i.e. COPD, severe asthma, orthopedic
abnormalities)

11 Using contraception

1
2
3

10

11
12
13

14

Pre- or post-delivery diabetes
Post-delivery hypertension requiring medication

Asthma requiring more than occasional use of
sympathomimetic inhaler, but not chronic inhaled steroids

Inflammatory Bowel Disease

Need for assisted reproductive technologies to become
pregnant

Medical or obstetrical contraindication to the defined exercise
or diet program

Tobacco, excessive alcohol use (greater than 2 drinks/day) or
illicit drug use

Eating disorders such as bulimia

Gastric surgery to lose weight including banding or bypass
procedures

Any psychological or psychiatric condition which may
impair participation in lifestyle intervention

HIV, or hepatitis B or C based on patient’s history
More than two live births

If a LIPP participant becomes pregnant prior to 16 weeks
after randomization before the weight-loss phase for the
lifestyle intervention is completed or a control subject
becomes pregnant before the 3-month postpartum
randomization, i.e. no baseline measurement

Congenital heart disease unless accompanied by a letter from
the participant’s cardiologist clearing exercise participation
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