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ABSTRACT

Background: Behavioral lifestyle interventions during pregnancy
can prevent excessive gestational weight gain (GWG) in women with
normal weight; however, effective interventions to reduce GWG in
ethnically diverse women with obesity are lacking.

Objective: A randomized controlled trial was conducted to test
whether a behavioral lifestyle intervention with partial meal replace-
ment reduces GWG rate in Hispanic and non-Hispanic women with
overweight or obesity relative to enhanced usual care.

Design: Participants (n = 257) were recruited in San Luis Obispo,
California, and Providence, Rhode Island, between November 2012
and May 2016. Participants were pregnant (mean + SD: 13.6 +
1.8 wk of gestation) with overweight or obesity and had a mean age
of 30.3 y; 41.6% of participants were Hispanic. Women were ran-
domly assigned within site and by ethnicity to enhanced usual care
(n = 128) or to a behavioral lifestyle intervention with partial meal
replacement (n = 129). The primary outcome was GWG per week of
observation. Secondary outcomes were proportions exceeding Insti-
tute of Medicine (IOM) guidelines for total GWG, changes in weight-
control behaviors and cardiovascular disease risk factors, and inci-
dence of pregnancy complications. Study retention was 99.6% (256
of 257).

Results: The intervention compared with usual care resulted in less
mean + SD weekly GWG (0.33 £ 0.25 compared with 0.39 +
0.23 kg/wk; P = 0.02) and total GWG (9.4 £ 6.9 compared with
11.2 £ 7.0 kg; P = 0.03) and reduced the proportion of women
who exceeded IOM guidelines for total GWG (41.1% compared with
53.9%; P = 0.03). No significant group x time x demographic sub-
group (ethnicity, BMI, age, parity, and income) interactions were ob-
served. Among intervention participants, greater meal replacement
intake was related to reduced GWG rate (8 = —0.07; 95% CI.—0.12,
—0.03; P = 0.002). The intervention compared with usual care in-
creased weight-control strategies (P < 0.0001) and cognitive re-
straint (P < 0.0001) and reduced triglycerides (P = 0.03).

Conclusion: Prenatal behavioral intervention with partial meal
replacement significantly reduced GWG in Hispanic and non-
Hispanic women with overweight or obesity. This trial was
registered at www.clinicaltrials.gov as NCT01545934. AmJ Clin
Nutr 2018;107:183-194.
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INTRODUCTION

Excessive gestational weight gain (GWG) is an established in-
dependent risk factor for high postpartum weight retention and
future weight gain, cardiovascular disease, and type 2 diabetes
in women (1). The National Academy of Sciences Institute of
Medicine (IOM) has formulated specific GWG recommendations
in an effort to help prevent adverse maternal and neonatal out-
comes (1). However, ~35% of women with normal weight and
60% of women with obesity gain more than is recommended (2).
Behavioral lifestyle interventions during pregnancy can prevent
excessive GWG in women with normal weight (3); however, in-
terventions to reduce GWG in women with obesity, including
a previous study that we conducted (3), did not find significant
effects on GWG (4-9). The most effective programs have in-
volved moderate caloric restriction and frequent patient-provider
contact, but adherence has been problematic (10-13) and many
were tested outside of the US health care system (14—19). Fur-
thermore, Hispanic women were the largest minority population
in the United States in 2010 (20) and had higher obesity and fer-
tility rates (21) than non-Hispanic whites, but few studies, to our
knowledge, have included a significant proportion of Hispanic
women.
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Meal replacement programs with additional intake provided by
solid foods (i.e., partial meal replacement) have been shown to
effectively promote weight loss and improvements in metabolic
disease risk factors in nonpregnant adults with obesity (22). In
pregnancy, meal replacements have been shown to improve nu-
tritional and metabolic variables in undernourished women (23,
24), but to our knowledge, no study to date has incorporated meal
replacements as a means of slowing GWG rate.

The purpose of the Healthy Beginnings/Comienzos Saludables
study was to determine the efficacy of a multicomponent be-
havioral lifestyle intervention with partial meal replacement on
GWG rates in Hispanic and non-Hispanic women with over-
weight or obesity. The primary hypothesis was that the rate of
GWG per week of observation would be reduced among par-
ticipants assigned to the intervention relative to enhanced usual
care. Secondary hypotheses were that, relative to enhanced usual
care, the intervention would reduce the incidence of excessive
GWG, defined by using the 2009 IOM recommendations for
total GWG (1), and produce greater improvements in mater-
nal weight-control behaviors (i.e., diet, physical activity, sleep,
weight-control strategies, and eating behaviors) and metabolic
risk factors without adversely affecting pregnancy outcomes.

METHODS

Design

Healthy Beginnings/Comienzo Saludables was a random-
ized controlled clinical trial conducted at California Polytech-
nic State University, San Luis Obispo, California, and at the
Miriam Hospital with Women and Infants Hospital in Providence,
Rhode Island. This trial was registered at www.clinicaltrials.gov
as NCT01545934. In addition, Healthy Beginnings/Comienzo
Saludables is part of the Lifestyle Interventions for Expectant
Moms (LIFE-Moms) consortium. The LIFE-Moms consortium
is a collaboration between 7 clinical trials, a research coordinat-
ing unit, and NIH sponsoring institutes and centers. The goals and
methods of the consortium have been published elsewhere (25).
Each trial, including Healthy Beginnings/Comienzo Saludables,
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conducts a separate study testing a different lifestyle intervention
but has common core measures, procedures, and eligibility crite-
ria that are consistent across all trials.

Participants

Procedures were approved by institutional review boards
(IRBs) at California Polytechnic State University, California
State University at Northridge (for Dignity Health-affiliated hos-
pitals and clinics in Central California), the Miriam Hospital,
and Women & Infants Hospital. Participants provided written in-
formed consent. Recruitment occurred at multiple obstetrician-
gynecologists’ offices in California and Rhode Island between
November 2012 and October 2015; the study’s final assessment
was conducted in May 2016. Eligibility criteria included gesta-
tional age between 9 and 16 wk, as assessed by ultrasound; BMI
(in kg/m?) >25 on the basis of study entry measured weight and
height; English or Spanish speaking; age >18 y; and singleton
pregnancy. Participants with glycated hemoglobin >6.5 were ex-
cluded. In addition, participants with self-reported major health
diseases (e.g., heart disease, cancer, renal disease, and diabetes),
current substance abuse, current treatment for a serious psycho-
logical disorder (schizophrenia, bipolar disorder), contraindica-
tions to aerobic exercise, or who had repeated no-shows or loss
of contact during initial screening and other less frequent crite-
ria (Figure 1) were excluded. As shown in Figure 1, most of
the women were deemed ineligible due to normal-weight sta-
tus (28.0%) or being >16 wk of gestation (27.5%). Women who
withdrew (n = 7) could not be included in the data analysis.

Interventions

In this 2-site trial, randomization was computer-generated by
the study statistician, and women were randomly assigned within
site and by ethnicity (Hispanic or non-Hispanic) to 1 of the 2 treat-
ment conditions: /) enhanced usual care or 2) behavioral lifestyle
intervention with partial meal replacement.

Enhanced usual care

Participants in the enhanced—usual care group received all as-
pects of usual care offered by their prenatal care providers, in-
cluding physicians, nurses, nutritionists, or counselors from the
Women, Infants, and Children’s Special Supplemental Nutrition
Program (WIC) (26). Usual prenatal care visits typically occur
monthly until 28 wk of gestation, biweekly for 28-36 wk of ges-
tation, and weekly until delivery. In addition, in this group at the
time of study randomization, participants attended an ~20-min
welcome visit with a study interventionist, who provided general
information about healthy eating, physical activity, and the [OM
recommendations for total GWG (3). Study interventionists were
bilingual registered dietitians or counselors with degrees in nu-
trition, community health, psychology, kinesiology, or a related
field. Participants received study newsletters with general infor-
mation about pregnancy-related health (e.g., prenatal vitamins,
quitting smoking, planning to breastfeed, maternity clothes) at
2-mo intervals that were designed to improve retention in the
study.
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5,381 Screened

5,117 Excluded

185

Enrollment

4,656 Did Not Meet Inclusion Criteria
1308 BMI< 25
1284 Gestational age > 16 wks.

839 Could not be reached
211 Did not come to initial visit
139 Unable to commit to 1 year
follow-up
134 Age<i18or>40y
112 Medical contraindications
102 Exclusionary medication
99 Language barrier
71 Diabetes

50 Miscarriage prior to
randomization

49 Multiple pregnancies prior to
randomization

36 Condition that limits
walking

35 Smoking

35 Intent to move

24 Bariatric surgery

22 Transportation

22 History of eating disorder
21 History of > 3 miscarriages

14 Psychological disorder
10 Hyperemesis

39 Other
461 Refused to Participate

264 Randomly Assigned

132 Allocated to Usual Care
132 Received Usual Care

132 Allocated to Intervention
132 Received Intervention

Allocation

1 Lost to Follow Up without measured weight
after randomization due to miscarriage (N = 1)

4 Withdrawn due to assessment/procedure
burden (n = 2), unhappy with group assignment

0 Lost to Follow-Up

3 Withdrawn due to intervention burden (n =
1), procedure/assessment burden (n = 1),
no reason specified (n = 1)

(n = 1), no reason specified (n = 1)
0 Discontinued Intervention

Follow-up

0 Discontinued Intervention

127 Analyzed
5 Excluded from analysis due to lost to

Analysis

(n=4)

follow-up (n = 1) and withdrawal from study

129 Analyzed
3 Excluded from analysis due to
withdrawal from study

FIGURE 1 Participant Flow and Retention into Healthy Beginnings/Comienzos Saludables. In the Healthy Beginnings/Comienzos Saludables randomized
trial, 264 women were enrolled and randomly assigned. After randomization, 4 enhanced-usual-care and 3 intervention participants withdrew participation and

1 participant was lost to follow-up, leaving an analytic sample of 256.

Behavioral lifestyle intervention with partial meal
replacement during pregnancy

Participants in the intervention group received all aspects
of enhanced usual care plus a behavioral lifestyle intervention
designed to prevent excessive weight gain during pregnancy.
The intervention was rooted in social learning theory (27) and
conceptualized pregnancy as a “teachable moment” for be-
havior change (28). The program was based on our previous

intervention (3) but was expanded to include face-to-face visits
and a structured partial meal replacement plan. Each woman re-
ceived an ~20-min individual, face-to-face counseling session
with a study interventionist every 2 wk until 20 wk of gestation
and then monthly visits until delivery. Women were encouraged
to gain ~0.5 pounds (0.23 kg)/wk on the basis of the 2009 IOM
guidelines for healthy weight gain during the second and third
trimesters of pregnancy for women with overweight or obesity.
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Women whose GWG was over or under this amount during any
1-mo interval received additional visits with the interventionist (2
visits/mo) to support a return to the recommended GWG rate. All
of the visits were conducted at our research centers or at affiliate
locations near recruitment clinics.

To promote weight control, women were provided with a struc-
tured meal plan (29) that was individually tailored to meet each
participant’s self-reported dietary needs, including food aver-
sions, cravings, lactose intolerance, and specialized diets such
as vegetarianism. The partial meal replacement plan provided
a caloric prescription of ~18 kcal/kg body weight at study en-
try (10, 30) and consisted of 30% of calories from fat, 15-20%
from protein, and 50-55% from carbohydrates (31). Women were
instructed to replace 2 meals with the provided meal replace-
ment shakes or bars and to consume >1 meal of regular foods
and 2—4 healthy snacks/d. The meal replacement products were
provided free of charge at every intervention visit and in the
quantities needed until the next scheduled intervention visit. The
study’s meal replacement options were selected at the study on-
set by investigators after an analysis of various meal plan scenar-
ios that considered the micronutrient and macronutrient compo-
sition of specific meal replacement products, the use of prenatal
vitamins, the intervention’s calorie and nutritional goals, and the
current micronutrient and macronutrient recommendations for
pregnant women (31). Options included organic and lactose-free
drinks and bars in a variety of flavors and brands (Supplemental
Table 1).

Participants were encouraged to aim for a goal of 30 min of
activity on most days of the week (32). They were provided with
a pedometer and advised to gradually increase the number of
steps walked each day until reaching an ultimate goal of 10,000
steps/d. In addition, at each visit, women were provided with
a personalized graph of their weight gain with feedback. Other
behavioral strategies included daily recording of food, drink,
and caloric intake and physical activity; stimulus control tech-
niques; problem-solving skills; goal-setting; self-reinforcement
for goal attainment; and daily self-monitoring of weight by us-
ing a scale provided by the study. At every visit, diet and meal
replacement records were reviewed by the interventionist and the
self-reported intake of the meal replacements was discussed to
facilitate problem-solving and adherence. Automated postcards
designed to further promote behavioral skills, healthy eating, and
exercise habits were mailed weekly.

Outcome assessments

Assessments were conducted early in pregnancy (between 9
and 16 wk), at 24-27 and at 35-36 wk of gestation, and at the
hospital after delivery. Participants received $25 for completing
each assessment, except for the visit immediately after delivery.
Assessment staff was masked to randomization to minimize po-
tential bias. The primary outcome was GWG per week of study
observation.

Weight and height were assessed in duplicate to the nearest
0.1 kg or 0.1 cm by using a calibrated standard digital scale and
stadiometer with the participant wearing light-weight clothing
without shoes. The rate of GWG was computed as the difference
between weights measured at study entry (9-16 wk of gestation)
and the final pregnancy visit (35-36 wk of gestation), divided
by the number of weeks between entry and the final pregnancy

visit. If the measure at gestational week 35-36 was unavailable
(n = 28), the most proximal clinic visit-measured weight was
used. For the secondary outcome of adherence to IOM recom-
mendations, women were categorized as exceeding or not ex-
ceeding IOM guidelines for total GWG (1). The IOM defines
overweight as a BMI of 25-29.9 and obesity as a BMI >30 and
recommends that women with overweight at the time of concep-
tion limit total GWG to 7-11.5 kg (15-25 pounds) and women
with obesity (all classes) to 5-9 kg (11-20 pounds). Thus, for
this computation, prepregnancy weight, which was based on self-
report at the time of the last menstrual period (3, 33), was sub-
tracted from weight measured at the visit at 35-36 wk of gesta-
tion (or the most proximal), and all women were categorized as
exceeding or not exceeding 2009 IOM guidelines for total GWG.
Women without a prepregnancy self-reported weight (n = 4) or
a study- or clinic-measured final pregnancy weight (n = 1) were
assumed to have exceeded the guidelines.

Dietary intake was assessed at study entry and at 35 wk of ges-
tation by using 24-h recalls on 2 random days over 1 wk and com-
pleted by using the National Cancer Institute Automated Self-
Administered 24-h recall (ASA-24; http://riskfactor.cancer.gov/
tools/instruments/asa24.html) (34). Variables included daily total
calories and percentages of calories from carbohydrate, fat, and
protein (35). Daily meal replacement intake was also assessed via
the ASA-24 and quantified as the total number of meal replace-
ment products, including shakes and bars, that were consumed
each day, on average, during the assessment period. The propor-
tion of participants reporting >0.9 or <0.9 products consumed/d
was further computed. The wrist-worn ActiGraph GT3X+ (Acti-
Graph) accelerometer was used at study entry and at 35 wk of
gestation to provide estimates of time in physical activity and
sleep (36). Acceptable wear time was classified as >1 d wear
time with >19.2 h/d. Time spent sleeping was estimated by using
an algorithm that defined sleep as the absence of change in arm
angle >5° for >5 min (37). Three separate random forest meth-
ods were used to predict time spent in /) moderate and vigorous
intensity physical activity, 2) sedentary or nonsedentary behav-
ior, and 3) locomotion or nonlocomotion. The method relies on
probabilities assigned to leaf nodes of 500 decision trees created
from random summary variables that include the mean and SD
of the vector magnitude (not subtracting gravity) and angle of ac-
celeration as well as features derived from fast Fourier transform
analysis of the signal. Minor changes to code were made to ac-
count for the data collection in 50 Hz compared with 80 Hz in
the original models. Additional details of this method are avail-
able (38). We also processed the data by using the GGIR package
in R (3.3.1), which uses a linear threshold-based method to esti-
mate time spent in activity-intensity categories.

The Weight Control Strategies Scale (39) was used to as-
sess the extent to which participants practiced behavioral weight-
control strategies. Subscales include dietary strategies (e.g., “I
had several servings of fruit and/or vegetables each day”), self-
monitoring strategies (e.g., “I kept a record of the type and
amount of food I ate”), physical activity (e.g., “I engaged in
moderate-intensity exercise like brisk walking or something sim-
ilar to brisk walking for at least 30 minutes a day”), and psy-
chological coping (e.g., “If I had negative thoughts about my
weight loss progress, I tried to catch myself and stop that kind of
thinking”). The Eating Inventory (40) was used to assess
dietary restraint (i.e., self-initiated, cognitive attempts to
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restrict food intake) and disinhibition (i.e., loss of control over
eating).

Maternal systolic and diastolic blood pressure and fasting
glucose, triglycerides, total cholesterol, HDL cholesterol, LDL
cholesterol, insulin, C-peptide, and leptin were measured at study
entry and at 35-36 wk of gestation. HOMA-IR was calculated
(41). At 24-27 wk of gestation, a 2-h 75-g oral-glucose-tolerance
test was performed by research staff, and gestational diabetes
was confirmed by using the International Association of Diabetes
and Pregnancy Study Groups criteria (42). If a study-measured
oral-glucose-tolerance test was not obtained (n = 96), chart-
abstracted, clinic measures of gestational diabetes were used that
varied across clinics [i.e., based on the American College of Ob-
stetricians and Gynecologists—endorsed, 2-step approach (43), a
1-h 50-g value >200 mg/dL, or a clinical chart indication of
“diabetes”].

Infant birth weight measurements were performed between
24 h and 1 wk of life by trained research staff; length was obtained
on a hard-surface infant measuring board. Obstetric records were
abstracted after delivery to obtain other maternal or infant com-
plications, including the number of women with preeclampsia,
gestational hypertension, preterm delivery, and cesarean delivery.
Race and ethnicity were assessed by self-report by using ques-
tionnaires with fixed categories. Marital status, income, educa-
tion, employment status, and childbearing history were also as-
sessed by self-report questionnaires. Gestational age in weeks at
study entry was measured via clinical ultrasound.

Statistical methods
Sample size

The study’s target sample size was 260 participants (130 par-
ticipants/condition). The study’s initial IRB-approved protocol in
2012 had a recruitment target of 350 participants. However, in
2014, the recruitment target was revised from 350 to 260 partic-
ipants and approved by the IRB and the NIH and was consistent
with the sample sizes in the other LIFE-Moms trials (25). The
target sample size of 130 participants/condition (total n = 260)
was projected to provide >80% power to detect an intervention
effect on our primary outcome based on the previous studies (3,
15) (d > 0.35) at the @ = 0.05 level by using a 2-sided test of sig-
nificance and assuming 10% attrition and the exclusion of formal
withdrawals. With 130 participants in each group, the study was
also projected to have >80% power to detect a >20% difference
between the intervention and enhanced-usual-care groups in pro-
portions exceeding GWG guidelines at the @ = 0.05 level with
the use of a 2-sided test of significance.

Analysis plan

To compare participants in the 2 groups and completers with
noncompleters, the Wilcoxon test for continuous variables, and
Pearson’s chi-square test or exact tests for categorical variables
were used. For the primary aim, a multiple linear regression
model was used to examine the impact of the intervention on
GWG per week of observation, simultaneously adjusting for pre-
specified potential effect modifiers that included weeks of ges-
tation at randomization, age, ethnicity (Hispanic compared with
non-Hispanic), parity (multiparity compared with primiparity),

study entry BMI category (overweight compared with obese),
and household family income (>$50,000/y compared with
<$50,000/y); site (California compared with Rhode Island) was
also included as a fixed effect. Similar models were used that in-
cluded group x time x demographic subgroup (i.e., age, ethnic-
ity, parity, study entry BMI category, and household family in-
come) terms to examine whether treatment effects differed across
demographic subgroups.

For our secondary aim, a multiple logistic regression anal-
ysis was used to examine the effect of treatment group on
the proportion of women who exceeded BMlI-specific IOM
recommendations for total GWG, simultaneously adjusting for
the same a priori covariates. To test intervention effects on
the study’s other secondary aims (i.e., diet, physical activity,
sleep, weight-control strategies, eating behaviors, metabolic fac-
tors), likelihood-based, linear mixed-effects models were used
(and planned a priori) to accommodate participants with any
missing data. Although missing or excluded data were rare in
this study, instances are noted in Figure 1 and in the foot-
notes of the tables. The models included treatment group and
a group x time interaction terms (fixed effect) to test if the
change over time in the dependent variable differed significantly
for the 2 study groups, including the same a priori—defined
covariates. Similar models were used that included group x
time x demographic subgroup terms.

Multiple linear regression models with covariates were used
to examine the relation between changes in GWG rate and inter-
vention adherence measures (i.e., meal replacement products per
day, attendance) and to determine the effect of the intervention
compared with enhanced usual care on maternal and child com-
plications. Similar regression models were used to explore treat-
ment group effects on GWG rate after adjusting for changes in
meal replacement products per day and other behavioral changes.
Significance was set at P < 0.05. R (3.3.1), SPSS (23.0.0), and
JMP (12.2.0) statistical packages were used for all of the anal-
yses. Accelerometer data processing was conducted in R by us-
ing the GGIR package version 1.5-9, and random Forest version
4.6-12.

RESULTS

Figure 1 summarizes the participant flow and retention into
Healthy Beginnings/Comienzos Saludables study. Participant
characteristics were well balanced by randomly assigned group
(Table 1). As shown, 41.6% of the women were Hispanic/Latino,
and 40% and 60% were overweight and obese, respectively. At
the visit at 35-36 wk of gestation, 99.6% (n = 256 of 257) of
participants either attended the visit (88.7%; n = 228 of 257)
or provided a clinic-measured weight (10.9%; n = 28 of 257).
Demographic characteristics did not significantly differ between
participants who attended and those who did not attend the visit
at 35-36 wk of gestation.

GWG

Weight-change variables are summarized in Table 2. Women
in the intervention group had significantly lower weekly GWG
rates compared with enhanced usual care (0.33 compared with
0.39 kg/wk, respectively; P = 0.02). The intervention group
gained an average of 0.07 kg/wk (95% CI: —0.13, —0.02 kg/wk)
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TABLE 1
Baseline characteristics of participants by condition
Total Enhanced usual Intervention

Characteristic (n=257) care (n = 128) (n=129)
Age,y 30.3 + 5.42! 20.7 + 5.5 30.7 + 5.3
Hispanic/Latino, n (%)

Yes 107 (41.6) 54 (42.2) 53 (41.1)

No 150 (58.4) 74 (57.8) 76 (58.9)
Race/ethnicity (participants could select multiple), n (%)

American Indian or Alaskan Native 8(3.1) 3(2.3) 5.9

Asian 4(1.6) 1(0.8) 3(2.3)

Black or African American 15 (5.8) 7(5.4) 8(6.2)

Native Hawaiian or Pacific Islander 6(2.3) 3(2.3) 3(2.3)

White 156 (60.7) 79 (62.2) 77 (59.7)

Other 78 (30.4) 36 (28.1) 42 (32.6)
Marital status, n (%)

Married or living with significant other 220 (85.6) 112 (87.5) 108 (83.7)

Never married/divorced/widowed 37 (14.4) 16 (12.5) 21 (16.3)
Annual household income, n (%)

<$24,999 71(27.6) 39 (30.5) 32 (24.8)

$25,000-49,999 72 (28.0) 33 (25.8) 39 (30.2)

$50,000-99,999 70 (27.2) 33 (25.8) 37 (28.7)

>$100,000 44 (17.1) 23 (18.0) 21 (16.3)
Education, n (%)

High school or less 67 (26.1) 39 (30.5) 28 (21.7)

Some college/completed college 154 (59.9) 70 (54.7) 84 (65.1)

Postgraduate work 36 (14.0) 19 (14.8) 17 (13.2)
Employment, n (%)

Employed full time (>35 h/wk) 141 (54.9) 71 (55.5) 70 (54.3)

Employed part time (<35 h/wk) 46 (17.9) 26 (20.3) 20 (15.5)

Unemployed 70 (27.2) 31(24.2) 39 (30.2)
Parity, n (%)

Primiparous 69 (27.3) 31 (24.6) 38 (29.9)

Multiparous 184 (72.7) 95 (75.4) 89 (70.1)
Weeks of gestation at study entry 13.6 £ 1.8 134 £ 19 13.7 £ 1.6
Weight at study entry, kg 85.1 £ 164 86.0 £ 17.5 84.1 £ 15.2
BMI at study entry, kg/m? 325 £53 326 £53 323 £52
Weight status, n (%)

Overweight 102 (39.7) 48 (37.5) 54 (41.9)

Obese 155 (60.3) 80 (62.5) 75 (58.1)
Preconception weight,” kg 83.1 & 164 83.8 £ 17.6 825 £ 153
Preconception weight status,” n (%)

Overweight 114 (44.4) 52 (45.6) 62 (54.4)

Obese 139 (54.1) 73 (52.5) 66 (47.5)
Weight gain from preconception to study entry, kg 1.9 £ 43 20+ 50 1.8 £ 3.5

"Mean + SD (all such values).

2Preconception weight was based on self-report and available from 125 enhanced usual care and 128 in-
tervention participants (i.e., 3 enhanced-usual-care participants and 1 intervention participant did not report this

information).

less than the enhanced-usual-care group (P = 0.02, overall model
r* = 0.19). Across the entire pregnancy, from preconception to
weeks 35-36, women in the intervention group gained a mean
+ SD of 9.4 + 6.9 kg compared with 11.2 + 7.0 kg in the
enhanced-usual-care group (P = 0.03). No significant group X
time x demographic subgroup (ethnicity, BMI status, parity, age,
income) interactions were observed. Overall, Hispanic ethnic-
ity (8 = —0.10; 95% CI:—-0.17, —0.04; P < 0.001), obesity
(B = —-0.11; 95% CI:—0.17, —0.05; P < 0.0001), and multipar-
ity (B = 0.07; 95% CI: 0.002, 0.13; P = 0.04) were related to a
lower weekly GWG rate. No other significant main effects were
observed. In additional analyses, the intervention was effective
in reducing the weekly GWG rate from study entry until 24-26

wk of gestation (8 = —0.12; 95% CI:—0.17, —0.06; P < 0.0001)
but did not significantly (P = 0.85) affect GWG rate between
24-26 wk of gestation and 35 wk of gestation (Table 2).

Also shown in Table 2, women in the intervention group were
43% less likely to exceed IOM recommendations for total GWG
than were those in the enhanced—usual care group (OR: 0.57; 95%
CI: 0.34, 0.95; P = 0.03; Table 2). No significant group x time
x demographic subgroup (ethnicity, BMI status, parity, age, in-
come) interactions were observed. Overall, women with prepreg-
nancy obesity had higher odds of exceeding IOM guidelines for
total GWG than did women with overweight (OR: 1.9; 95% CI:
1.1, 3.2; P = 0.02), but no other significant main effects were
observed in relation to the IOM total GWG outcome.
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TABLE 2
GWG by treatment group'
Group?
Enhanced usual Intervention Unstandardized coefficient P for
care (n = 127)  (n=129) (SE)’ or OR* 95% CI  coefficient
Rate of GWG,? kg/wk
Study entry until 35-36 wk of gestation 0.39 £ 0.23  0.33 £ 0.25 —0.07 (0.03) —0.13, -0.02  0.02
Study entry until 24-26 wk of gestation 0.37 £ 0.23  0.27 £ 0.23 —0.12 (0.03) —0.17, —-0.06  0.0001
24-26 wk until 35-36 wk of gestation 043 £0.29 042 £ 026 —0.006 (0.04) —0.08, 0.06 0.85
IOM guidelines for total GWG*
Exceed IOM, n (%) 69 (53.9) 53 (41.1) 0.57 0.33,0.95 0.03
Mean gain, kg 16.2 + 4.7 15.5 £ 5.7
Within IOM, n (%) 30(23.4) 37 (28.7) 1.34 0.75,2.39 0.32
Mean gain, kg 83 £ 1.5 80 £ 14
Below IOM, n (%) 29 (22.7) 39 (30.2) 1.54 0.87,2.79 0.13
Mean gain, kg 2.2 £ 3.1 23 £ 28
Total weight gain from preconception to 35-36 wk of gestation,” kg 11.2 & 7.0 94 £ 69 —1.89 (0.87) —3.60, —0.18  0.03

IGWG, gestational weight gain; IOM, Institute of Medicine.

2Values are means & SDs or percentages reported without adjustment for covariates.

3Linear regression models were adjusted for total weeks of gestation at study entry, age, income, ethnicity, parity, study entry BMI category, and site. The
estimates of regression coefficients were based on analyses that included the covariates. The rate of GWG from entry to delivery was defined as the difference
between study entry and 35-36 wk (or 24-26 wk) of gestation-measured weights divided by the number of weeks between observations. The mean + SD
number of weeks of observation from study entry until 35-36 wk of gestation was 23.6 & 3.9 wk and from study entry until 24-26 wk of gestation was

13.4 £ 2.2 wk.

40ORs from logistic regression models examining IOM recommendations for total GWG by treatment group with adjustments for age, income, ethnicity,
parity, pregravid BMI category, and site. IOM guidelines for GWG were based on self-reported pregravid weight and measured height (used to compute BMI
status as overweight or obese) and the difference between self-reported pregravid weight and 35-36 wk of gestation or the most proximal measured weight.

SResults from linear regression analysis for total GWG from preconception (self-reported weight) through 35 wk of gestation (measured weight) adjusted
for age, income, ethnicity, parity, pregravid BMI category, and site. Results reflect the unstandardized coefficient (SE) based on the linear regression that

included the covariates.

Intervention adherence

From study entry to 35-36 wk of gestation, the intervention
compared with enhanced usual care significantly increased the
average number of meal replacement products consumed each
day by an additional 0.57 products/d (95% CI: 0.45, 0.68 prod-
ucts/d) (P < 0.0001; Table 3). Within the intervention group
alone, increased use of meal replacements was significantly re-
lated to decreased GWG rate (8 = —0.07; 95% CI: —0.12,
—0.03; P =0.002). The proportion of participants who consumed
>1 replacement/d from study entry to 35 wk of gestation in-
creased by 38.2 percentage points (from 4.0% to 42.2%) in inter-
vention participants but only modestly changed (2.4-percentage
point increase, from 3.1% to 5.5%) among usual-care participants
(P <0.0001). The effect of the intervention group on lowering the
GWG rate was reduced to a trend (P = 0.063) when changes in
daily meal replacement intake were included in the model. Ex-
amining attendance, intervention participants attended a mean =+
SD of 6.5 & 2.5 visits; attendance was not significantly related to
GWG rate (P = 0.49).

Behavioral changes

We examined the impact of the intervention on calorie and
macronutrient intakes, physical activity, weight-control strate-
gies, and eating behaviors. There were no significant group x
time interactions on calorie and macronutrient intakes (Table 3).
In both groups over time, the percentage of calories from fat
decreased. In addition, there were no significant group X time

interactions in sleep and physical activity. In both groups over
time, sleep and locomotion time declined (Table 3).

From study entry to 35-36 wk of gestation, the interven-
tion significantly increased practice of weight-control strategies,
including self-monitoring, diet and exercise strategies, and psy-
chological coping. The intervention also significantly increased
cognitive restraint (Table 3) but had no significant effect on di-
etary disinhibition. The effect of the intervention group on low-
ering GWG rate was removed (P = 0.29) when change in weight-
control strategies (total score) was included in the model and was
attenuated but not removed (unstandardized B = —0.067; 95%
CI: —0.127, —0.007); P = 0.028) with the inclusion of dietary
restraint.

Metabolic changes and pregnancy complications

From study entry to 35-36 wk of gestation the intervention
compared with enhanced usual care significantly reduced triglyc-
erides (P = 0.03) and resulted in trend reductions in leptin
(P = 0.06), fasting glucose (P = 0.09), and systolic blood pres-
sure (P = 0.06) (Table 4). Independent of group assignment,
greater increases in GWG rate were related to increases in insulin
(2.63 nU/mL; 95% CI: 1.63,4.23 uU/mL; P < 0.0001), HOMA-
IR (2.84; 95% CI: 1.67, 4.85; P < 0.0001), and C-peptide (1.52
ng/mL; 95% CI: 1.15, 2.01 ng/mL; P < 0.0001) but not triglyc-
erides (P = 0.30), HDL cholesterol (P = 0.38), LDL cholesterol
(P = 0.33), diastolic blood pressure (P = 0.81), systolic blood
pressure (P = 0.70), or total cholesterol (P = 0.26). The inci-
dence of pregnancy complications was similar between groups
(Table 5).
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TABLE 3
Changes in behavioral strategies by treatment group!

Least-squares mean? (95% CI)

Enhanced usual care (n = 128) Intervention (n = 129) P3
Baseline 35 wk Baseline 35 wk Group Time Group X time

Diet*

Meal replacement products, n/d 0.12 (0.04, 0.19) 0.17 (0.09, 0.26) 0.13 (0.05, 0.20) 0.75 (0.66, 0.84)  0.0001 0.0001 0.0001

Total energy, kcal/d 1777 (1681, 1873) 1785 (1682, 1888) 1743 (1649, 1837) 1673 (1570, 1776) 0.17  0.46 0.35

Carbohydrates, % of energy/d 49.41 (47.97,50.86) 49.62 (48.1,51.17) 51.47 (50.06, 52.89) 53.21 (51.65, 54.78) 0.0003 0.15 0.25

Protein, % of energy/d 17.33 (16.72,17.93) 17.06 (16.41, 17.71) 16.18 (15.59, 16.78) 16.80 (16.14,17.44 0.03  0.53 0.11

Fat, % of energy/d 36.08 (33.99, 38.17) 35.05(33.11,36.99) 36.87 (34.8,38.95) 34.05(32.15,35.95) 093  0.01 0.23
Physical activity?

Sleep time, min/d 454.0 (443.9, 464.2) 430.1 (419.1,441.1) 450.2 (440.2,460.2) 421.6 (409.8,433.4) 0.27  0.0001 0.45

Total physical activity, VM sum/d 5853.7 (5847, 5857) 5846.6 (5843, 5854) 5852.8 (5845, 5855) 5845.6 (5838, 5850) 0.87  0.21 0.99

Nonsedentary activity, min/d 432.7 (416.6, 448.8) 424.5 (407.9,441.1) 430.2 (414.3,446.2) 439.9 (422.9,456.7) 0.80  0.92 0.65

Locomotion, min/d 14.5(12.6, 16.4) 12.6 (10.1, 14.0) 15.0 (13.0, 16.7) 12.0 (10.0, 14.0) 097  0.03 0.62

MVPA, min/d 135.1 (128.5, 146.2) 126.8 (117.9, 136.2) 133.2(125.9, 143.4) 123.4(116.5,135.2) 0.63  0.10 0.88
Weight-control strategies®

Total score 40.13 (38.2,42.1) 37.3 (35.4,39.2) 41.3(35.3,39.2) 66.2 (64.1,68.2) 037 0.78 0.0001

Dietary strategies 24.3(23.0,25.7) 24.3 (23.1, 25.6) 24.8 (23.4, 26.3) 27.6 (26.3,29.0) 0.62 0.31 0.005

Self-monitoring strategies 3.9(29,4.9) 2.8(1.6,3.9) 3.9(2.8,4.9) 17.9 (16.7,19.1)  0.99 0.56 0.0001

Physical activity strategies 7.0(5.9,8.1) 53 (4.1,6.4) 7.3 (6.1,8.5) 11.8 (10.6,13.0) 0.76  0.96 0.0001

Psychological coping 49 (4.0,5.9) 4.9 (3.8, 6.0) 5.3(4.3,6.3) 8.8(7.6,9.9) 0.62 0.29 0.0001
Eating behaviors’

Dietary restraint 12.1(11.3,12.9) 11.0 (10.1, 11.9) 12.0 (11.1, 12.9) 147 (13.8,15.6) 0.88  0.81 0.0001

Dietary disinhibition 5.8(5.3,6.4) 5.2 4.7,5.7) 5.34.7,5.9) 4.74.2,53) 0.18  0.09 0.78

1 ASA-24, National Cancer Institute Automated Self-Administered 24-h recall; MVPA, moderate to vigorous physical activity; VM, vector magnitude.

2The least-squares mean group values were estimated with covariates in the model (weeks of gestation at study entry, age, income, ethnicity, parity, BMI
category, site) and presented by group along with the corresponding 95% CIs and P values.

3Linear mixed-effects models included group, time, weeks of gestation at study entry, age, income, ethnicity, parity, BMI category, site, and the time x
group interaction.

“Diet was assessed via the ASA-24; 99.2% (n = 254 of 256) of participants completed this assessment at baseline and 82.4% (n = 211 of 256) at 35 wk
of gestation.

SPhysical activity was based on objective assessment for a 1-wk period; 95.7% (n = 245 of 256) of participants completed this at baseline and 78.5%
(n = 201 of 256) at 35 wk of gestation. Of these, proportions with valid data (i.e., as >1 d of wear time with >19.2 h/d, >1200 min/d for sedentary time, and
<400 min/d for MVPA) of the analytic sample included 230 of 256 participants (89.8%) at baseline and 187 of 256 participants (73.0%) at 35 wk of gestation.

6The Weight Control Strategies Scale (39) was used to assess the extent to which participants practiced behavioral weight-control strategies. Subscales
include dietary strategies (e.g., “I had several servings of fruit and/or vegetables each day”), self-monitoring strategies (e.g., “I kept a record of the type and
amount of food I ate”), physical activity (e.g., “I engaged in moderate-intensity exercise like brisk walking or something similar to brisk walking for at least
30 minutes a day”), and psychological coping (e.g., “If I had negative thoughts about my weight loss progress, I tried to catch myself and stop that kind of
thinking”). In total, 100% (n = 256 of 256) of participants completed this assessment at baseline and 82.0% (n = 210 of 256) completed it at 35 wk of gestation.

"The Eating Inventory (40) was used to assess restraint (i.e., self-initiated, cognitive attempts to restrict food intake) and disinhibition (i.e., loss of control
over eating). In total, 100% (n = 256 of 256) of participants completed this assessment at baseline and 82.8% (n = 212 of 256) completed it at 35 wk of
gestation.

DISCUSSION studies, including our own, failed to reduce GWG or increase ad-

A behavioral lifestyle intervention with partial meal replace-
ment reduced weekly GWG rates from 0.39 to 0.33 kg and low-
ered by 43% the odds of exceeding IOM recommendations for
total GWG. To our knowledge, this is the first randomized con-
trolled trial during pregnancy of a multicomponent lifestyle inter-
vention with partial meal replacement and is among the first stud-
ies to show a positive effect of an intervention to reduce GWG in
ethnically diverse women with overweight or obesity.

The intervention’s effect on reducing weekly GWG rate (by
0.07 kg/wk) may appear modest but should be interpreted in the
context of overall pregnancy weight gain in women with over-
weight or obesity. The intervention reduced total GWG from
11.2 to 9.4 kg (a 16% reduction) and lowered the proportion
of women who exceeded IOM recommendations for total GWG
from 69% to 53% (a 23% reduction). Previous intervention

herence to IOM guidelines in women with overweight or obe-
sity (3-9). In addition, the intervention was effective in reducing
GWG before 24-26 wk of gestation, a time frame strongly linked
to later maternal postpartum weight retention (44) and childhood
obesity (45).

A key component of the behavioral lifestyle intervention
was the provision of meal replacement products. Although both
groups used very few meal replacements at baseline, at 35 wk of
gestation the intervention group had increased to an average of
0.75 products/d, and 42% of women reported the use of >1 meal
replacement product/d. The increase in meal replacement intake
was significantly related to reduced GWG rate in the interven-
tion group. Moreover, adjustment for the use of meal replace-
ment products or the use of the behavioral weight-loss strate-
gies removed the significant effect of the lifestyle intervention on
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Least-squares mean' (95% CI)

Fasting glucose, mg/dL

Fasting insulin, £ U/mL
HOMA-IR?

Fasting cholesterol, mg/dL
Fasting HDL cholesterol, mg/dL
Fasting LDL cholesterol, mg/dL
Fasting triglycerides, mg/dL
Systolic blood pressure, mm Hg
Diastolic blood pressure, mm Hg
Leptin, pug/L

C-peptide, ng/mL

Enhanced usual care (n = 127) Intervention (n = 129) P?

Baseline 35 wk Baseline 35 wk Group Time Group X time
84.00 (85.54, 88.46) 84.78 (83.20, 86.35) 87.30 (85.89, 88.72) 83.05 (81.40, 84.89) 0.39  0.0001 0.09
14.37 (12.67, 16.06) 19.33 (17.50,21.16) 13.32(11.67,14.97) 18.09 (16.19,20.00) 0.25  0.0001 0.88
2.442 (2.188,2.726) 3.428 (3.049, 3.853) 2.422(2.178,2.693) 3.215(2.851,3.625) 0.58 0.0001 0.46
188.6 (180.8, 196.5) 242.2 (233.9,250.6) 189.7 (182.1, 197.3) 238.9(230.4,247.4) 0.81 0.0001 0.37

67.1 (64.0, 70.1) 66.5 (63.3, 69.7) 67.4 (64.4,70.3) 68.2(64.9,71.4) 0.60 0.88 0.41
94.3 (87.6,101.0) 126.1(118.8,133.3) 94.5(88.0,101.1)  123.5(116.1,131.0) 0.77  0.0001 0.55
136.1 (123.5, 148.6) 253.0 (239.6,266.4) 139.0 (126.8, 151.2) 236.8 (222.9,250.6) 0.37  0.0001 0.03
107.5 (105.4, 109.5) 111.5(109.4, 113.6) 105.30 (103.4, 107.3) 106.5 (104.4, 108.6) 0.002 0.0006 0.06
63.23 (61.6, 64.8) 67.72 (66.1, 69.4) 61.84 (60.3, 63.4) 64.98 (63.31,66.7) 0.025 0.0001 0.24
46.9 (44.0, 49.9) 55.01 (51.8, 58.3) 50.10 (47.2, 52.9) 54.2 (51.0, 57.5) 0.52  0.0001 0.06
2.16 (1.95, 2.38) 3.51(2.27,3.74) 2.14(1.93, 2.35) 3.29 (3.04, 3.54) 0.33  0.0001 0.28

The mean group values were estimated by using least-square means with covariates in the model (weeks of gestation at study entry, age, income, ethnicity,
parity, BMI category, site) and are presented by group along with the corresponding 95% ClIs and P values.

’Linear mixed-effects models included group, time, weeks of gestation at study entry, age, income, ethnicity, parity, BMI category, site, and the time x
group interaction. The following numbers of outliers were removed from specific analyses: C-peptide, n = 1; leptin, n = 15; insulin, n = 1.

SHOMA-IR was calculated based on the method by Matthews et al. (41).

weekly GWG, suggesting that these aspects of the intervention
were important in its success.

Although the intervention had no significant effects on over-
all calorie intake, the difference (70 kcal/d) between the in-
tervention and enhanced usual care at 35 wk, if achieved
throughout the intervention period (24 wk on average) would
be sufficient to explain the difference in GWG between the
2 groups. The lack of differences between groups on other
measures of dietary intake and activity may reflect the fact
that these measures were not collected at midpregnancy, when
the intervention appeared most effective in reducing GWG
rates. The ASA-24 dietary recall instrument has been validated

(34) but not in Hispanic populations, who made up 42% of our
sample. In addition, self-reported dietary intake has been consis-
tently underreported among women with obesity (46). The in-
tervention had greater emphasis on dietary intake than on phys-
ical activity, because intake is likely the stronger predictor of
GWG (47), so the lack of difference between the intervention and
enhanced-usual-care groups on physical activity is not surpris-
ing. Although there is currently no consensus on the best method
to process high-frequency wrist accelerometer data, we used the
random forest method, which has been independently validated
(48), and also processed the data by using a linear threshold-based
method and found similar results. Future research should examine

TABLE 5
Effect of treatment group on pregnancy complications!

Enhanced usual Intervention OR

care (n = 128) (n = 129) (95% CI)* P?
Preterm delivery (<36 wk) 5(3.9) 4(3.2) 0.76 (0.18, 2.98) 0.69
Cesarean delivery 40 (31.2) 46 (36.8) 1.24 (0.73,2.13) 0.43
Preeclampsia 8(6.4) 10 (8.0) 1.29 (0.48, 3.58) 0.62
Maternal hypertension 7(5.6) 5(4.0) 0.67 (0.18, 2.28) 0.52
Gestational diabetes’ 24 (18.8) 23 (17.8) 0.90 (0.46, 1.96) 0.77
Low birth weight (<2500 g)* 7 (6.1) 9(8.3) 1.84 (0.62, 5.83) 0.27
Macrosomia (>4000 g)* 9 (7.8) 8(7.4) 0.95 (0.34, 2.63) 0.92

1Values are n (%) unless otherwise indicated.

2Logistic regression models were adjusted for total weeks of gestation at study entry, age, income, ethnicity,

parity, study entry BMI category, and site.

3 At 24-27 wk of gestation, a 2-h 75-g oral-glucose-tolerance test was performed by research staff, and ges-
tational diabetes was confirmed by using the International Association of Diabetes and Pregnancy Study Groups
criteria (42). If a study-measured oral-glucose-tolerance test was not obtained (n = 96), clinic measures of gesta-
tional diabetes were included and based on the American College of Obstetricians and Gynecologists—endorsed,
2-step approach (43) criteria, a 1-h 50-g value >200 mg/dL, or a clinical chart indication of “diabetes” (we note
that some clinics diagnosed and treated patients with gestational diabetes on the basis of glycated hemoglobin

values <5.9).

“Based on measured weights that were available for 115 of 128 (89.8%) enhanced—usual care and 108 of 129

(83.7%) intervention infants.
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other strategies to decrease intake and increase physical activity
during pregnancy and include more frequent measures of these
behaviors.

The intervention significantly reduced triglycerides during
pregnancy by ~13 mg/dL relative to enhanced usual care and
resulted in trend improvements in leptin, fasting glucose, and
systolic blood pressure. The reduction in triglycerides could
theoretically translate into a reduced risk of maternal and fe-
tal complications and long-term maternal cardiovascular disease
(49), but larger samples sizes will be needed to determine those
relations.

The intervention had no significant effect on the incidence
of preterm delivery or low birth weight, gestational diabetes,
preeclampsia, cesarean delivery, hypertension, or macrosomia,
but these outcomes occur relatively infrequently, necessitating
larger-scale trials. Although the incidence of inadequate GWG
was also not significant, the OR (95% CI) of 1.54 (0.87, 2.79)
suggested a potential association for examination in future re-
search. The current study is part of the LIFE-Moms consortium
(25), which will allow a larger sample size to further investigate
the effects of GWG lifestyle interventions on maternal and neona-
tal complications.

The success of this intervention raises the important next ques-
tion of whether it could be disseminated through usual prenatal
care. Pregnant women with obesity increasingly receive advice
about GWG from prenatal care nurses, dietitians, public health
aides, WIC counselors, and other providers (50); these members
of the health care team may be in a position provide the con-
tent of the lifestyle intervention to these women. In addition, the
contact schedule used in the intervention was similar to that in
enhanced usual care. Meal replacement programs have been ef-
fectively implemented in busy health care settings (51). Interest-
ingly, in our study, the use of meal replacements—not frequency
of attendance—was related to reduced GWG rate, suggesting that
providing meal replacements with minimal counseling may be
sufficient to reduce GWG. In our study, the meal replacements
were provided free of charge but would have cost the participant
an estimated $420 in total (assuming 1 replacement/d at $2.50
each over 24 wk). Future trials are needed to adapt and test the
intervention as part of usual prenatal care and to evaluate its cost-
effectiveness.

Strengths of this study include the randomized blinded design
and the novel intervention strategy that may have practical rel-
evance during prenatal care. The study also included a diverse
sample, and all but one participant completed the study. Limi-
tations are that the enhanced—usual care group was not matched
with the intervention group on the number of contacts or other
intervention components, so it remains unknown if the observed
weight differences were attributable to increased contact with the
interventionist or other components of the behavioral intervention
package. Moreover, the enhanced—usual care group received one
face-to-face educational visit and newsletters, which could have
reduced the typical GWG rate. Group assignment and covariates
accounted for 19% of the variance in GWG rate, suggesting other
unmeasured factors. Participants were not blinded to treatment
assignment, which could have biased responses to meal replace-
ment intake and other self-reported measures. Women enrolled in
the study at 13 wk of gestation on average, which may be too late
to curb excessive GWG in some women (3). Future analysis will

examine the long-term effects of this intervention on postpartum
outcomes.

In sum, this study showed that a behavioral lifestyle inter-
vention with partial meal replacement reduced the rate of GWG
and incidence of excessive GWG in Hispanic and non-Hispanic
women with overweight or obesity. The intervention offers an al-
ternative to current guidelines, which recommend general healthy
eating and activity for pregnant women yet have little evidence
for reducing GWG in women with obesity (1). Given the signif-
icant beneficial effects of this intervention on GWG in women
with overweight or obesity, future research is needed to examine
the effectiveness of this program as part of routine prenatal care.
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