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Abstract

Objective: This study aimed to evaluate the effects of an antenatal behavioral lifestyle
intervention on total gestational weight gain (GWG) and perinatal outcomes.

Methods: Pregnant women with overweight and obesity in South Carolina were recruited into
a theory-based randomized controlled trial (7= 112 intervention, 7= 105 standard care), which
was designed to target weight self-monitoring, increased physical activity, and improved dietary
practices.

Results: Participants were racially/ethnically diverse (44% African American). Intervention
and standard care participants had similar total GWG at delivery (12.9 £ 6.9 vs. 12.4 + 8.3
kg, respectively), but intervention participants had a smaller standard deviation (P=0.04) in
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total GWG. The treatment effects were moderated by race/ethnicity and prepregnancy BMI.
Among African American participants with overweight, intervention participants gained 4.5 kg
less, whereas, among African American women with obesity, intervention participants gained
4.1 kg more than standard care participants. Total GWG among White participants was similar
regardless of weight status and group assignment. Fewer intervention participants than standard
care participants had adverse pregnancy outcomes (P< 0.01).

Conclusions: The behavioral lifestyle intervention favorably impacted GWG in African
American participants with overweight but not African American participants with obesity. The
intervention’s overall favorable impact on perinatal outcomes suggests that the mechanisms
beyond total GWG may drive these outcomes.

Introduction

The proportion of women entering pregnancy with overweight or obesity (BMI = 25 kg/m?)
has been rising over the past 3 decades (1,2). Half of pregnant women in the United

States exceed the Institute of Medicine (IOM)’s recommended weight gain (3). Women

with overweight and obesity are two to three times more likely to exceed IOM gestational
weight gain (GWG) guidelines than women with normal weight (4), and the trend of gaining
excessive weight during pregnancy appears to be rising over time (5-7). Women with
overweight and obesity who exceed IOM guidelines further increase their risk for adverse
perinatal outcomes (8). Higher maternal GWG is also associated with higher offspring
weight at birth, which persists from childhood to young adulthood (9). Limiting GWG
among women with overweight and obesity holds promise to prevent obesity and to improve
health status in both mothers (10) and their offspring (9).

Trials testing behavioral lifestyle interventions on limiting GWG in pregnant women with
overweight and obesity have increased over the past decade. On average, these lifestyle
interventions result in 1.8 kg lower GWG than comparison groups (11). A majority of these
trials were conducted outside of the US, typically in countries with universal health care
(11,12). In the US, African American women are disproportionately affected by overweight
and obesity (13) and are also more likely to exceed weight gain recommendations during
pregnancy (3,14). However, much of the extant literature targets White women (12), and, to
our knowledge, only two trials have focused on African American women with overweight
and obesity (15,16). Few published lifestyle intervention trials in pregnancy have been
conducted in the southeastern states, where overweight and obesity rates are high (17),
maternal and child health indicators are the poorest, and health disparities are most striking
(18). Furthermore, several recent large trials have shown success in reducing maternal
weight gain but not in reducing adverse pregnancy outcomes (APOs) (15,19-22).

The overall goal of this trial was to examine the impact of a behavioral lifestyle intervention
on total GWG in White and African American women with overweight or obesity. We
hypothesized that women receiving the behavioral lifestyle intervention would have less
total weight gain (primary outcome), be less likely to exceed weight gain recommendations
during pregnancy, be more physically active, and have lower total caloric intake (secondary
outcomes) than women receiving standard care. We tested moderation by race/ethnicity and
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weight status in intervention effectiveness. Finally, we evaluated the intervention’s effects on
perinatal outcomes.

The Health in Pregnancy and Postpartum (HIPP) study was a randomized controlled trial
conducted in South Carolina. The Institutional Review Boards at participating institutes
approved the study protocol. Participants provided written informed consent.

By design, we only enrolled White and African American women in order to examine
racial/ethnic differences; these two groups account for the 95% of the South Carolina
population (23). Potentially eligible women completed a brief screening form at
obstetrician-gynecologists’ offices or via the website between January 2015 and December
2018. This initial screening assessed the following eligibility criteria: 18 to 44 years of

age, gestational age < 16 weeks, self-identified as a Black/African American or White
individual, English-speaking, and prepregnancy BMI = 25 and weight < 370 Ib (maximum
weight assessed by scale). Study staff called initially eligible women to assess additional
exclusion criteria: multiple gestation, contraindications to aerobic exercise during pregnancy
(24), hospitalization for a mental health or substance abuse disorder in the past 6 months,
physical disability that prevents exercise, doctor’s advice not to exercise during pregnancy,
and current or previous eating disorder. Intervention-related exclusions included inconsistent
phone access and unwillingness to be randomized or take part in weekly phone calls.

All participants were assessed at baseline (<16 weeks’ gestation) and at 32 weeks’
gestation. At both measurement visits, all participants were systematically screened for new
symptoms, conditions, or adverse events. If new symptoms, conditions, or adverse events
were disclosed by participants outside measurement visits, a symptom form was completed.
Symptoms were reviewed by the study medical monitor to determine safety of continued
participation. Participants were withdrawn from the study if they had a miscarriage, still
birth, or discovery of multiple gestation after randomization.

Randomization

Those who completed baseline measurement activities before 18 weeks’ gestation were
randomly assigned within delivery hospital sites and by racial/ethnic group. With each
stratum, for every four participants, two were randomized to the behavioral lifestyle group
and two to the standard care group (allocation ratio = 1:1). A randomization list was
generated by the statistician. The study coordinator randomized participants and forwarded
the group assignment to intervention staff.

Behavioral lifestyle intervention

Participants in the behavioral lifestyle intervention group were encouraged to attend clinic
visits with their prenatal care providers. Intervention participants were advised to follow
GWG (5), physical activity (PA) (25), and dietary intake (26) guidelines for pregnant
women. Specifically, GWG goals were consistent with the 2009 IOM recommendations (5).
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They were also advised to accumulate 150 min/wk of moderate-intensity PA (25) and to eat
a diet high in fruits, vegetables, and whole grains and low in saturated and trans fats while

also balancing energy intake to match, but not exceed, dietary needs for pregnancy (26). The
“MyPlate Daily Checklist for Moms” (formerly the “Daily Food Plan for Moms™) was used
to help participants select a balanced diet (27), and customized calorie goals were provided.

Intervention components, guided by the Social Cognitive Theory (28), have been described
in detail elsewhere (29). In brief, the intervention began with an in-depth counseling session
(<18 weeks’ gestation) at which the interventionist shared the participant’s printed report
of her dietary intake and PA (based on the dietary recalls and objective assessment of

PA) and a personalized weight-gain-tracking graph. Participants set a PA and diet goal.
Participants also received a binder of study handouts (referenced during pregnancy calls
1-10), a pedometer, and a bathroom scale.

Based on our formative work (30), we initially included 10 weekly group sessions after

the in-depth counseling session. However, owing to the challenges of recruiting adequate
women at one time to form a group and the less-than-ideal attendance at sessions, these

10 group sessions were replaced with 10 individual phone counseling calls with all of the
content retained. Only one intervention group was conducted prior to the protocol change (n
= 6). These participants were retained in analyses.

After the in-depth counseling session, participants received 10 weekly content-based phone
calls and 10 weekly podcasts with content complementary to the calls. During each call,
participants plotted their weight on the graph provided in the counseling session, and the
interventionist engaged the participant in a discussion of a diet or PA topic along with

at least one behavioral strategy. After the first 10 pregnancy counseling calls, participants
received shorter weekly or biweekly counseling calls throughout their pregnancy. The total
number of the shorter calls delivered varied by participants and depended on when the
participant enrolled and delivered. The calls included the continued plotting of weight and
an assessment of any changes in health status, discussion of progress toward PA and healthy
eating goals set in the previous call, problem-solving regarding barriers to reaching goals
when needed, and behavioral goal setting for the new week. In addition, all intervention
participants were encouraged to join a private Facebook group (Facebook, Inc., Menlo Park,
California), which was designed to allow study participants to support each other. Messages
were posted each weekday to reinforce intervention content.

Standard care

Measures

Participants in this group were encouraged to attend clinic visits with their prenatal care
providers. In order to enhance retention and keep participants engaged, this group received
6 monthly mailings and 10 weekly podcasts (all publicly available) focused on a healthy
pregnancy or fetal development. The podcasts were matched for duration and frequency to
the intervention group. Neither the mailings nor the podcasts discussed weight, PA, or diet.

At measurement visits, trained and blinded research staff assessed weight and height in
duplicate to the nearest 0.1 kg or 0.1 cm by using a calibrated Seca scale and stadiometer
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(Seca, Hamburg, Germany). The participant wore lightweight clothing without shoes. Staff
were recertified every 6 months. Staff also conducted medical chart reviews within 2 months
after delivery.

GWG outcomes

Total GWG (primary outcome) was calculated as the difference between the medically
abstracted weight recorded at delivery and self-reported prepregnancy weight reported at
initial screening. When delivery room weight was not available, weight at the last prenatal
care visit was used (7= 56), such that the mean gestational age was 38.5 weeks, an average
of 4.8 days earlier than gestational age at delivery. Self-reported prepregnancy weight was
highly correlated with clinic prepregnancy weight measured within a year prior to this
pregnancy (Pearson correlation coefficient r=0.95, n=112).

The weekly rate of weight gain at delivery was calculated as the change in weight from the
baseline to delivery (or last prenatal weight) divided by the number of gestational weeks
between the two time points. In order to verify our method, we also calculated weekly

rate of weight gain in the second and third trimesters based on methods from Lifestyle
Interventions for Expectant Moms trials (21) and the weekly rate of weight gain from
baseline to 32 weeks’ gestation. The alternative measures yielded similar results. Owing to
space limits, only the weekly rate of weight gain at delivery was presented. Participants were
also categorized as above (excessive), below (inadequate), or within (adequate) the 2009
IOM recommendations for total GWG (5).

Maternal and infant health outcomes.—Health outcomes were abstracted from
medical records. Maternal health outcomes included the diagnosis of gestational diabetes,
gestational hypertension, preeclampsia, cesarean delivery, and long hospital stay (>4 days
for cesarean deliveries and >2 days for vaginal deliveries). The infant birth outcomes
included preterm delivery (gestational age <37 weeks), low birth weight (<2,500 g),
macrosomia (=4,000 g), and low 1-minute Apgar score (<7). We further calculated APQOs,
which were defined as the occurrence of gestational hypertension, preeclampsia, preterm
birth, or small-for-gestational-age birth (31). APOs are linked to a lifetime of higher
cardiovascular disease risk for mothers (32,33).

PA.—The SenseWear Armband (CamNTech, Fenstanton, UK) was used to assess minutes
per week of moderate-to-vigorous physical activity (MVPA) at baseline and 32 weeks’
gestation. The device, worn on the upper left arm, has been validated with pregnant women
(34-36). The proprietary algorithms use the accelerometer and sensor data to classify
intensity of activity by metabolic equivalents. If participants did not meet the wear criteria
(=5 days, =1 weekend day, =21 hours/day) or experienced an equipment failure, they were
given the opportunity to re-wear the monitor.

Dietary intake.—Each participant completed two unannounced dietary recalls (1 weekday
and 1 weekend day) at baseline and at 32 weeks’ gestation using the validated Automated
Self-Administered 24-hour dietary recall (37). The first recall was completed at the
measurement visit. Participants were notified to complete the second dietary recall. Staff-
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administered recall was offered to participants unable to complete the recall on their own.
Data from the two recalls were averaged. Because GWG is our primary outcome, we
reported energy intake (kilocalories) in this paper.

Statistical analyses

Results

The study’s target sample size was 400 participants (200 participants/group, 200 White and
200 African American) to detect a 2.0 kg difference in total GWG between intervention
and standard care participants, corresponding to a small effect size of 0.28 and assuming a
two-sided type | error rate of 0.05 and 80% power.

Intent-to-treat analyses were conducted. Group (intervention vs. standard care) differences in
total GWG and weekly rate of GWG were compared using multiple linear regression models
that adjusted for maternal age, gestational age at baseline (continuous), race/ethnicity,
Medicaid status, parity, marital status, and prepregnancy BMI category. Multiple logistic
regression models were used to examine the effect of the intervention on the odds of
participants exceeding or gaining weight within IOM recommendations for total GWG

after adjusting for the covariates. We also examined whether treatment effects differed
across categories of prepregnancy BMI and race/ethnicity by including two- and three-way
interaction terms between treatment, BMI, and race/ethnicity. The log likelihood-ratio test
statistic for total GWG outcome indicated that the model with interaction terms fitted the
data better compared with the model without interaction (X2 4 degrees of freedom = 9.8, P=
0.04). Considering the very different treatment effects in subgroups as well as model-fitting
statistics, treatment effects were examined in four subgroups based on race/ethnicity and
prepregnancy BMI (i.e., White participants with overweight, White participants with obesity,
African American participants with overweight, and African American participants with
obesity).

In order to examine the impacts of the intervention on changes in MVPA and energy

intake from baseline to 32 weeks’ gestation and pregnancy outcomes, multiple linear or
logistic regression models were used. We further examined whether the total number of
content-based phone calls delivered varied by race/ethnicity, prepregnancy BMI category,
and by categories of meeting IOM recommendations using ¢tests or ANOVA models

among intervention participants. A multiple linear regression model was used to examine the
relationship between the total content-based phone calls delivered and total GWG.

The HIPP study randomized 228 eligible participants. Nine participants were withdrawn by
the study because of medical reasons after randomization, and two participants’ medical
abstractions were not completed, resulting in a final analytical sample of 217 participants
(Figure 1).

Table 1 describes participant characteristics, which were well balanced between randomized
groups at baseline. Participants were racially/ethnically diverse (55.3% White, 44.7%
African American), with a mean prepregnancy BMI of 32.3 and 12.6 weeks’ gestation
at baseline, and over half (51.6%) of participants had obesity prior to their pregnancy.
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Participant characteristics in race/ethnicity and prepregnancy BMI subgroups are shown in
Supporting Information Table S1.

Total GWG at delivery was similar in intervention versus standard care participants (12.9 +
6.9 vs. 12.6 £ 8.3 kg), but intervention participants had a smaller SD in total GWG (unequal
variance P=0.04) (Supporting Information Figure S1). Participants in the intervention and
standard care groups also had similar weekly rates of GWG at delivery (0.39 £ 0.20 vs.

0.38 + 0.27 kg/wk; unequal variance = 0.002). Irrespective of group, most participants
exceeded the IOM guidelines (66.1% intervention group vs. 63.8% standard care group).
Multiple linear or logistic regression models also showed nonsignificant treatment effects on
GWG and meeting IOM guidelines (Tables 2-3). However, within the category of meeting
IOM guidelines, total GWG for participants in the intervention group was more favorable
(i.e., tighter distribution and right direction) than that of the standard care group (Supporting
Information Figure S2).

Different treatment effects in GWG and behavioral outcomes

Table 2 shows that treatment effects were moderated by prepregnancy BMI and race/
ethnicity. The treatment effect for total GWG among African American participants with
overweight was in the expected direction (intervention participants gained 4.5 kg less than
standard care participants), whereas, among African American participants with obesity,
the treatment effect was in the opposite and unexpected direction (intervention participants
gained 4.1 kg more than standard care participants). The same patterns were found for rate
of weight gain at delivery. In contrast, among White participants, total GWG and rate of
weight gain was similar regardless of weight status and intervention group assignment.

African American participants with overweight assigned to the intervention group had lower
predicted percentage of exceeding IOM guidelines than standard care participants (61.2%
vs. 90.3%), whereas the opposite effect was observed among African American participants
with obesity (71.6% vs. 43.8%). For meeting IOM guidelines, the treatment effect among
African American participants with overweight was also in the expected direction (30.4%
vs. 9.7%), whereas the treatment effect was in the opposite direction (13.0% vs. 22.8%)
among African American participants with obesity. Again, the treatment effects in meeting
or exceeding IOM guidelines were not different among White participants (Table 3).

Table 2 also shows the reduction in MVPA minutes was smaller among intervention
participants than standard care participants in each subgroup, but none were statistically
significant. The increase in total energy intake from baseline to 32 weeks’ gestation

was seen among African American participants. The difference between intervention

and standard care participants was in the expected direction among African American
participants with overweight but was in the opposite direction among African American
participants with obesity, although neither difference was significant. Among White
participants, standard care participants reduced total energy intake at 32 weeks’ gestation
(-50 kcal for participants with overweight, —46 kcal for participants with obesity). White
intervention participants had a small mean increase in energy intake (34 kcal) among
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participants with overweight and no change (1 kcal) among participants with obesity. The
treatment effects on energy intake in subgroups were not significant.

Intervention dose-response analyses

All but seven participants in the intervention group attended the introductory in-depth
counseling session. On average, they received 7.9 + 3.7 calls of the 10 possible content-
based phone calls during pregnancy, with call completion similar within racial/ethnic
groups: African American participants with overweight (7.8 £ 3.8 calls) and African
American participants with obesity (7.3 £ 4.2 calls); White participants with overweight (8.0
+ 3.4 calls) and White participants with obesity (8.5 £ 3.4 calls). On average, participants
whose total GWG was within IOM guidelines received 8.7 £ 3.1 calls, which did not
differ significantly from participants whose weight gain exceeded IOM guidelines (7.6

+ 3.8 calls). In the linear regression model, each additional phone call received was
associated with a 0.41 kg reduction in total GWG (95% CI: —-0.78 to —0.04, £=0.03)
after covariates adjustment. In each subgroup, each additional phone call was associated
with a nonsignificant reduction in total GWG, ranging from —1.2 kg among African
American participants with overweight (£=0.07) to —0.18 kg among White participants
with overweight (data not shown).

Maternal and infant health outcomes

Table 4 shows that participants in the intervention group had significantly fewer adverse
birth outcomes (i.e., low-birth-weight babies, gestational hypertension, and APOs) than
participants in the standard care group. There were no differences in other pregnancy
outcomes. Owing to sample sizes, treatment effects among race/ethnicity and BMI
subgroups were only examined for APOs. Treatment effects in APOs were evident
among participants with obesity, White participants, and White participants with obesity
(Supporting Information Table S2). Among participants who exceeded IOM’s GWG
guidelines, participants in the intervention group had significantly lower percentages of
adverse birth outcomes (Supporting Information Table S3).

Discussion

Contrary to hypotheses, this theory-based behavioral lifestyle intervention did not alter total
GWG, the weekly rate of weight gain, or the percentage of exceeding IOM guidelines
among the full sample of pregnant women with overweight and obesity. The treatment
effect, however, was modified by race/ethnicity and prepregnancy BMI status. Among
African American women with overweight, the treatment effects were in the expected
direction in that intervention participants gained less weight than standard care participants;
however, among African American women with obesity, intervention participants gained
more weight than standard care participants. The opposite treatment effects on weight gain
measures observed in African American participants were consistent with the direction

of the nonsignificant change in total energy intake from baseline to 32 weeks’ gestation.
Furthermore, the treatment effects on GWG, diet energy intake, and MVVPA were not seen
among White participants regardless of their prepregnancy BMI. Despite the nonsignificant
treatment effect in White participants and the opposite effect in African American
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participants with overweight and obesity, intervention participants had significantly better
perinatal outcomes than standard care women.

The HIPP trial was developed based on formative work among African American
individuals (81.3% having overweight before pregnancy) (30). Our pilot study included
evidence-based behavioral change strategies delivered through traditional intervention
channels (i.e., in-person and telephone-based), and more innovative intervention channels
(i.e., podcast and social media support) were added in this larger trial. Similar to two

other trials among African American women with overweight or obesity (15,16), the HIPP
trial’s intervention messages were also tailored to unique barriers and enablers of our study
population and emphasized both PA and dietary change. Intervention participants completed,
on average, 79% of the content-based telephone calls, indicating moderately high adherence.
The average length of phone calls was 25 min/call (range = 11-42), which was less intensive
than Cahill et al.’s trial (9 home visits, with 53 min/visit [range = 44-60]) (15). In the

HIPP trial, adherence to the telephone calls was unrelated to BMI status and race/ethnicity.
Furthermore, participants who completed more intervention contacts gained less weight than
those who did not. These results are promising and consistent with the effectiveness of these
calls in helping women to control their weight gain.

Recently, researchers (22,38) have questioned the IOM’s general pregnancy guidelines of
increasing daily energy intake by 340 to 450 kcal during the second and third trimesters
(5,39), indicating these values might be too high for pregnant women with overweight

or obesity to meet the IOM GWG guidelines (40). It is possible that the myplate.gov
recommendations for pregnant women were derived from the IOM energy guidelines,
which would have contributed to the higher energy intake and, in turn, weight gain

in our intervention participants and null results in White participants. The myplate.gov
may consider providing culturally tailored food recommendations for African American
women and White women with overweight and obesity who live in the South. We call
for future studies to examine the energy recommendations in relation to meeting IOM-
recommended GWG for women with overweight and obesity during pregnancy. Such an
energy recommendation should take into account the well-documented decline in PA during
pregnancy (41).

Several lifestyle interventions effective in reducing GWG among pregnant women with
overweight and obesity have included dietary components, such as partial meal replacement
(20) or individually prescribed calorie goals based on height, preconception weight, PA
level, and energy needs for the restricted rate of weight gain per week for the second

and third trimesters (22). In the HIPP study, calorie intake was included on a handout
provided at the in-depth counseling session. However, unless participants chose calorie
intake as a behavioral goal, calorie intake was not tracked. A recent systematic review of
intervention strategies for preventing excessive GWG among women with overweight and
obesity concluded that healthy eating had a larger effect than combined healthy eating/PA in
limiting GWG. The authors recommended that healthy eating with prescribed daily calorie
and macronutrient goals can reduce GWG by more than 4 kg (11).
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Several recent lifestyle interventions that showed success in reducing GWG among women
with overweight and obesity did not show the benefits of reduced risks for adverse perinatal
outcomes (15,19-22). In contrast, the HIPP trial showed significantly lower proportions

of low birth weight, gestational hypertension, and APOs (including preterm births) in
intervention versus standard care women. Prior interventions designed to reduce excessive
weight gain led to the reduction in macrosomia but did not reduce the risk of low birth
weight and small for gestational age (42). Our findings of a lower prevalence of gestational
hypertension are consistent with prior lifestyle interventions showing reduced systolic and
diastolic blood pressures (43). We speculate that our intervention’s impacts on reducing
variability in weight gain in the intervention group may have contributed to more favorable
pregnancy outcomes. The behavioral intervention tightened the distribution of weight gain
by reducing both tails of extreme values that might lead to APOs. Finally, we cannot
exclude the possibility that intervention participants might have been more motivated than
standard care participants to improve their pregnancy outcomes. Lost to follow-up is an
unlikely explanation for the better pregnancy outcomes in intervention participants because
few women were lost to follow-up in this trial.

To our knowledge, this is one of the first lifestyle intervention trials in pregnant women
with overweight and obesity with a high proportion of African American women living in

a southeastern state of the US. The intervention targeted barriers and enablers identified

in our formative work (44), including dispelling myths about the risks of exercise during
pregnancy and developing content to target situations that made healthy eating difficult. This
study also had nearly complete follow-up at delivery (99%). Furthermore, this study applied
some innovative channels (i.e., podcasts and social media support). One limitation is that
this study was underpowered to detect the differences in total GWG and racial/ethnic and
BMI differences because of the difficulties in recruiting the target sample size (A= 400) in
early pregnancy. Also, HIPP participants were more educated or with a lower proportion of
participants on Medicaid than the general population in South Carolina (23). Therefore, our
findings may not fully generalize to pregnant women with overweight or obesity in South
Carolina.

Conclusion

This study did not find an intervention main effect for total GWG or the proportion

of women meeting IOM-recommended weight gain, although we did find evidence for
treatment moderation such that intervention effects operated in the expected direction for
African American participants with overweight but in the opposite direction for African
American participants with obesity. The intervention was also successful in reducing APOs,
which has not been shown in published trials that were successful in reducing GWG.
Furthermore, women who received a greater dose of the intervention telephone calls showed
significantly more favorable weight gain outcomes. Future studies are needed to identify
effective intervention strategies for healthy GWG, particularly for African American women
with obesity.
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Study Importance

What is already known?

Women with overweight and obesity are two to three times more likely

to exceed Institute of Medicine gestational weight gain (GWG) guidelines
than women with normal weight. Women with overweight and obesity

who exceed Institute of Medicine guidelines further increase their risk for
adverse perinatal outcomes, and the trend of gaining excessive weight during
pregnancy in this group appears to be rising over time.

In the United States, African American women are disproportionately affected
by overweight and obesity and are also more likely to exceed GWG
recommendations.

What does this study add?

In a diverse sample of pregnant women with overweight and obesity, the
treatment effect of this theory-based behavioral lifestyle intervention was
modified by race/ethnicity and prepregnancy weight status. Intervention
effects operated in the expected direction for African American participants
with overweight but in the opposite direction for African American
participants with obesity.

The intervention was successful in reducing adverse pregnancy outcomes,
which has not been shown in published trials that were successful in reducing
GWG.

How might these results change the direction of research or the focus of clinical

practice?

Future studies are needed to identify effective intervention strategies for
healthy GWG, particularly for African American pregnant women with
obesity.

Behavioral lifestyle interventions have the potential to reduce adverse
pregnancy outcomes.

Obesity (Silver Spring). Author manuscript; available in PMC 2022 June 19.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Liuetal.

Page 15

[ Enrollment ]

Assessed for eligibility (n=1578)

Y

Excluded (n=1308)

+ Unable to reach (n=727)

Not meeting inclusion criteria (n=167)

Declined to participate (n=282)

Cancelled/missed scheduled baseline(n=132)

Not comply with dietary recall or armband
(n=42)

* * * »

Randomized (n=228)

l

e !

Allocation

] v
J

Allocated to standard care group (n=114)
+ Received allocated intervention (n=114)

Allocated to behavioral lifestyle group (n=114)
+ Received allocated intervention (n=114)

A 4 [
[

Follow-Up

] v
J

Miscarriage (n=6), Elected abortion (n=1)

Miscarriage (n=2)

Analysed (n=105)
+ Excluded from analysis due to medical chart
unavailable to review (n=2)

Analysis

) |

Figure 1.

Analysed (n=112)
+ Excluded from analysis (n=0)

Consolidated Standards of Reporting Trials (CONSORT) diagram.

Obesity (Silver Spring). Author manuscript; available in PMC 2022 June 19.




Page 16

Liuetal.

Author Manuscript

L'LT+¢88 SLT¥/.'G8
6'GFLCE 6S¥6TE
€'es 005
6'TY 8'¢cy
i€ §'6¢
v'ee [
00¢ 08T
et €qT
¢'Se v'ee
6'09 979
165 865
6'0v 4014
009 0'SsL
9'Ly ocy
¥'es 0'8S
[4°) §'0¢
¢'Se €'6E
S'6¢ L'le
T6T §¢tT
8V FT'6C TSFV¥0E

9'/T+6'98
6S¥ECE
9'1S

6'¢cy
¥'0€

6'.€
6'8T
6°¢T
¢'6¢

€719

as ¥ ueaw ‘(63) 1ybiam auljaseg
as ¥ uesw ‘(;w/6x) 1INg Aoueubsadaad
Anseqo
04 ‘snye1s |INgG Aoueubaadaad
9% ‘snodediwiig
SOA
% ‘Wa1d1931 presipain
000'6.$=
666'7.$-00005$
666'67$-000'5E$
000'Ge$>
9% ‘awodul Ajiwe

SSA

% ‘Aoueubaad Buranp swn-|ny pakojdwg

¥'69
9'or

L'19

L'vy
€69

81
€'.e
9'8¢
L'ST

0GF.6C

alow 10 sueak g-T ‘abs|j0D
arenpeuf jooyds ybiy 1o apeab yigTs
9% ‘Uonreanp3
palLe
95 ‘SNIelS [eIIBIN
UedLIaWY Uedliyy
SUYM
% ‘Ao1uyie/eoey
sIeak Ge2
s1eak y£-08
si1eak 6Z-G2
sieah Z-81
(9%) abe [euasre

as F ueaw ‘(A) abe feussren

(50T = u) a4eo paepuels  (ZTT = U) UOIIUBAILIUI [ed0INeydg

(LTZ =) re10L

T31avl

Author Manuscript

sa1sLIa1oRIRYD Buljaseq ,siuedidiued Apnis ddIH

Author Manuscript

Author Manuscript

). Author manuscript; available in PMC 2022 June 19.

ng,

(/

Obesity (Silver Spri



Page 17

Liuetal.

‘AiAnoe [eaisAyd snoiobin-01-aresapowl ‘YdAIN -Apms winuedisod pue Aoueubald ul yiesH ‘ddiH

0EL F¥10'C 06v ¥ /G8'T 229F€6'T A4S ¥ uesw ‘(p/|eoy) aujaseq ye axeiur ABasus |eiol
Y'ETFTSE v'1ZF 08¢ V2 ¥ L9 as ¥ uesw ‘(p/uiw) suijeseq 1e VdAN
€CF9CT €CF9C €CZF9C as ¥ ueaw ‘(M) abe [euonelsab auijaseg

(50T = u) a4ed paepuels  (ZTT = u) uonuaAiaul [edoineyag  (/TZ = U) [el0L

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

Obesity (Silver Spring). Author manuscript; available in PMC 2022 June 19.



Page 18

Liuetal.

‘(uawieady x [ING x AlI01IUYIa/a0RI ‘JuawIeal) x ANDIUYIa/adel ‘JuaLileall x NG ‘IING x ANIoIUY18/a9.1) SWIS) UOIJIRIBIUI PUR ‘SNIelS [eILIew
‘Ared ‘snyels preaipa|A ‘abe ‘aurjaseq 1e abe uoneisab ‘Al1o1uyia/aaes ‘(A11sagqo yum 1o ybramiano yum) [N g Asueubaidaid ‘dnosf juswieas) Buipnjoul sjppow uoissalfial Jeaul] Wody sueaw sasenbs isea]
1]

(L€ 01 082-) L
(8¢ 01 0z2-) ¥8
(8zv 01 8€2-) 56
(L€€ 01 Ov1-) TG-
(0TZ 03 TET-) OF

(c9To vy 1I-) ¥'Z
(Tezm92-) 20T
(T8T°56-) €V
(18T 01G'GT-) 9T
(TZTO6T-) TG

(ZT°00190°0-) 90°0
(TT'0010T°0-) 100
(€2°00100°0) 2T°0

(#0'0- 03 T€'0-) LT'0-

(20'0 03 50'0-) T0°0

(rs0zez-)9T
(Szor9v-)0T-
(6201€0) TV
(0001 6'6-) G-

(£2019T-) €0

(L7 03 ¥92-) 9p-
(L2103 222-) 0G-
(96€ 03 72-) €9T
(9.6 03 €2) Gee
(z0z 01 9¢-) €8

(v 01 Z¥T-) T'G-

(z0- 01 6'6T-) 0°0T-

(Zzo9l1-) L~
(6201 7°02-) 98-
(Lg-01221-) L'L-

(88°0 01 22°0) 0€'0
(€50 01 5€°0) ¥7'0
(ze0015T'0) ¥2'0
(990 0187°0) 250
L7001 vE0) 8€°0

(Lztore)oor
(98T 03 2'2T) 9°GT
(171 018°G) 68
(90201 G¥T) 94T
LT YT oy Tr) 82T

(srzorzve-) 1
(5ez 01 L9T-) vE
(v6 03 22) 85C
(695 01 €2-) €L
(v o1 1) €21

(8LOATET-) L'2-
(580318-) 20
(z9oroer-) ve-
(9501 26T-) 0'L-
(rzorgl-)9z-

(¥v'0 01 L2°0) 9€°0
(zg'0 01 2€°0) 70
(ev'0 01 22°0) S€°0
(05'0 01 62°0) 6€°0

(¥'0 01 G€°0) 6E°0

(Sv70188) 9'TT
(0LTorT2T) 99T
(zsTor001) 92T

(59T 01 2'6) T'ET

(9vT 01 L' TT) TET

3MUM ‘ANS300 YN
SUYM YBIBMIIA0 YU

ueoLIBWY UedLyy ‘A11saqo YA

UBILIBWY URILIYY ‘IYBIBMIBA0 YUAA

syuedionaed |1V

(reax) uonelsab ,s3aam zg 031 auljaseq wouy aeiul Abisua Ajrep ui abueyd

aNUM ‘A11s3g0 YyuM
aUYM ‘yBIamIano Yyupn

uedLIBWY UedLyy ‘A11sagqo Y

UedLIaWY Uedliy ‘1YB1amiano Y

syuedionaed |1V

(uiw) uonrelsab,syaam zg 01 suljaseq wody Auande eaisAyd snotobin-o3-arespow Ajrep ui abueyd

o

8HYM ‘A11S800 YA
SHUM ‘WYBIBMIBA0 YHAA

uedlIaWY UedlIyy ‘A11S800 Yl

UedLIBWY URdLLY ‘IYBISMIBA0 YUAA

syuedionaed ||y

(myBx) Alanrjap 031 auljaseq wody ureh ybiam Jo ayey

3NUM ‘A1S300 UMM
SHUM WBIBMIBA0 YU

UedLIBWY URdLILY ‘A11S900 YA

URILIBWY URILSY ‘IYBISMISA0 YUAA

syuedionaed ||v
g (6x) Asanigap 12 OO [e10L

m:o 94G6) Ueaw sasenbs 1sea]

108JJ UONUaAIa1U|

a1e0 pJepuels

UonuaAI8Ul [eloireyag

SawI021NQO

SBW09IN0 [RIOIARYSQ pUR HAND U0 [ING Adueubaidald pue ‘A1191Uy1a/ade. ‘UOIIUBAISBIUI [RIOIARYS] JO S1094J3 SAI1oRIIU|

Author Manuscript

¢ 31avl

Author Manuscript

Author Manuscript

Author Manuscript

). Author manuscript; available in PMC 2022 June 19.

ng,

(/

Obesity (Silver Spri



Page 19

Liuetal.

‘ureb b61am feuonelsab ‘OO
"GO0 UeY) SS3| a1am Uo1eISab ,S)aaMm Zg 01 auljaseq wolj sabueyo Jo 1084 UONUBAISUI U} 10} SaNjeA 4 Tey) saredlpul pjog
"SY9M 9'Z F +°0Z SeM UOITeISab ,SX99M ZE |13UN aU1|aseq WOJ) PUB SY3aM 8°Z F 9°9Z SeM HSIA aJed [ejeuaid Ise] Jo ayep Alanijap

31 [17UN 8UIJ9SEQ WOJJ SY39M JO JaqINU (S F UBaLl 81 "SUOIBAISSTO USBMIS] SYBM JO Jagquuinu auyl Aq papIAIp AIBAIISp O] 8UIJaSEq WO4) 30usIaIp 1yBIam ay) se paulgap sem ureh Jybiam 1o ayel ay Fh

"G00 > [enbaun Buiaq soueLeA BU) 10} anfend,

‘spuedionted UONUBAISIUI 10y SH99M T'Z F G'8E pue siuedionied a1ed pIepuels o) SH9aM /T F 'S SeM JISIA aJed [ereuaid 1se| 1e abe [euoieisab ueaw ay | )SIA aJed [ereuaid 1se| sy} Je painseaw JyBiam

10 woou A1anljap 1e painseaw Jybram pue Jybiam Aoueubaidaid pariodal-4|as usamiaq soualaylip ayl se paulyap sem pue Jybiay painseaw pue 1ybiam Aoueubaidaid pariodal-4|as UO paseq sem HAND [e10, FQ

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

). Author manuscript; available in PMC 2022 June 19.

ng,

(/

Obesity (Silver Spri



Page 20

"3UIDIPSIAl JO 3INISU] ‘INOI ‘ureB 1yBiam Jeuonelsab ‘OMD ‘o1es sppo paisnipe ‘HOov

"G00 UBU] SS8] 819M S108)J8 LIOIIUBAIBIUI BU) 10§ SaNJeA 4 8] 1ey) S81edIpul pjog

*K1IS800 YIIM UBLIOM 10) B3 06 01 0'G PUR JYBIBMISAO YIIM USWIOM oy BY £°TT 01 8°9 SI UOIEISAH ,S388M O 18 DAND [210} JO JUNOWE 8U) SPUSLIWOJ8) wol,

‘(uawiean
x [ING x A101uys/aoel ‘Juawiessl x AId1Uy1a/adel ‘Wuawiealt x [INg ‘IING x AI01uy1s/adel) sws) Uondelalul pue ‘snyeis [eliew ‘Alied ‘snieis predipapy ‘auljaseq Je afe uoielsab ‘abe ‘Aoluyiajades
‘(Ansago ynm Jo ybramiano yum) [INgG Aoueubaidaid ‘dnosb Juswieasy oy Bunsnipe sjapow uoissalfas o13s1B0o] ajdiinw Woly a1am 1D %S6 41841 pue ‘soljel sppo paisnipe ‘sebejuaiad um;o_vm:..._Q

'$109449 UOIUSAIBIUL 9141930S-A101ULYI8/30R] PUB [|NIF JO UOIHBLIIISS 0} MO][B 0} JUSIOLINSUI Sem sauljapinb INOI mojag siuedioiued 4o Jsquinu auL,

(85'€-¥2'0) €60
(20'2-250) 26'T
(€T'2-21'0) 050
(¥8'%2-29°0) L0V
(§5'2-¥90) L2'T

(81°€-9€°0) 90'T
(e0'e-v€0) 20T
(LT'0T-20'T) €£2°€
(00'7-€0°0) LT°0
(66'T-29°0) TT'T

(9'8e-€'8) 2'61
(8'€€-8%) 6'€T
(L'zv-g01) 8°22
(zzeva) L6
(8'52-v'01) L'9T

(T22-5v€) 8°€S
(9€8-1'57) T'L9
(T'€9-€'92) 8°€v
(9'26-1'89) €06
(T'eL-0°€8) 8'€9

(58e-2) T'8T
(S'Tv-8'TT) 9°€C
(9°0e-8%) 0°€T
(z'95-0°€T) v'0€E
(0'0g-zeT) €02

(0'v2-1'5€) ¥'SS
(L18-26Y) 529
(1'98-228) 9'TL
(r'18-2°9€) T'T9
(2'52-9'38) 199

aNUM ‘Ausago YU
BUYM WBIBMIBA0 YU
UBdIIBWY UBDLILY ‘A1IS800 U
UBILIBWY UBILY ‘IYBIaMIsn0 YU
syuedionaed ||
sau1lapInb NOI UIyIm 9M9 [eloL
3HYM ‘Ausago yum
aUUM WBIBMIBN0 YUUAN
UedIIBWY UBdLIY ‘A1ISa00 UNA
UedLIBWY UBdLY ‘IYBIBMIBA0 YU
syuedionaed ||

5 saulapInb QI Buipssoxe OO [e10L

mer:ooujo

). Author manuscript; available in PMC 2022 June 19.

ng,

(/

Obesity (Silver Spri

Liuetal.

QA_o %G6) 4OV QA_o 96G6) sebejusaiad paroipaid

10818 UONUBAIBIU] 8Jed piepuelS UonuaAlelUl [elolreysg

OO Ul sauljapinb NOI Bunssw uo NG Aoueubaidaad pue ‘A1191UYI8/a9R. ‘UOIIUSAIBIUI [RIOIARYS] JO S1084)3 SAIIoRIIU|

€31avl

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 21

Liuetal.

‘AIani|ap uealesad 1oy sAep G Z pue A1ani|ap [eulben 1oy sAep € Z se paulyap sem Alanijap e Aeis [endsoy mco._Q

‘uoisuauadAy feuonelsab pue ‘afe [euoirelsab 1oy |jews ‘AlaAljap Wua1aId :S8W0IN0 331Ul 8S3aY 40 Aue papn|oul sawodino Aoueubaid mm_o>u<m

‘AoueuBaid siyy ul eisdurejoaald pue uoisuanadAy paonpul-Asueubaid papnjoul uoisuanadAy _m:ozﬁmwo\

"19puab awres pue yuiq 1e abe [euolreisab awes sy 4o ssiqeq Joy a]1IuadIad YIQT 8yl mojaq sem 1ybram ct_mm

"a1ed plepuels sem dnouf aoualayey ‘A1obaed (NG Aoueubaidald pue ‘sniels Jeriew ‘Alied ‘sniels preaipaln ‘ANodluyls/adel ‘abe ‘auljaseq e abe uoneisab 1oy paisnipe alam sjapow __<h

*dnouB Juswiyeas) Ag seoualaIp Y aJedwod 0 Sa|qeLIeA [Ba1I06a)RD 10} SIS8) 10BX® JaUSl4 PUB S3|GRLIBA SNONUIUOD 10 SIS81J JO SHNSaI 3y} Juasaidal sanjend

‘pajuasaid ase s F sueaw Jo suorodoid cSm:.—vm:DQ

'GTZ aJam (abe [euone1sab 10y [jews pue ‘e1wososdew yBam yuig Mo]) sawodno parejal-1ybam-yuiq 1oy sazis ajdwes ayl 1eyl 1daoxa ‘9Tz SeM SaWoaINo |[e Jo} azZIs m_aE@mmv

'GO’0 UBY) SSB] 818M S108)J8 UOIIUSAISIUI 8] 10} SBNJeA 4 8y) Jey) 81ed1pul 83y plog Ul SisquinN
(89°001€T°0-) L2°0 8T'0 YTFG8E STF18¢ (1m) Asantjap ye abe [euoneIssD
(z2l2 00 €08-) vEeT 600 8'V6S ¥ 1'G82'C ¥'GES F 8'STY'S (6) yBram yrng
(1D %S6) 1ua1014300 *[py S8L09]N0 SNONUIU0D

p 14
Aeis [endsoy Buo
(Tr'T 0107°0) G20 S7'0 (Ler) 9L (z'89) G2 y "I IBHAsoU BUOTE
(82201 220) 980 00T (89) L (r9) L /> 8Inuiw T e 8400s Jebidy
(£0201990) /TT 8.0 (T'8¢) o (S'op) s Kaani1ep ueasesad
Koueubaad
(v2°0 01 2T°0) 9€°0 200 (v'1e) €€ (6'9T) 6T 5 SPHHOOMNO AOUBUDSIC S849APY
dAl
(89°001TT°0) £2°0 100 (zT12) 22 (6'8) 0T  UOISUBHSARY [ELOREISSD
(€T 016T°0) 050 S20 (szr) et (T8 S91ageIp |eUOINeISID
abe reuonelsab Joy [rew

(¥9'T 01 TZ'0) 650 90 (S01) TT (196 g O0C [EUOREISD 104 Jjews
(98'201240) 0T'T G9°0 98)6 (601) 2T (6 000'7=) e1wososoeN
(Lv'00170°0) 80°0 6000 (som) 1T 8172 (6 00G'2>) 3ybrom yrig mo
(0T'T0190°0) S2°0 €T0 (92)8 Loe (sx199m £€>) Ausnifap wielaad
h:o %S6) 4OV  SAW0AINO [eatiobared

,NeAd  91ed pIepUEIS  UONUSAIAIU [EJolAeydg

108448 UOIUBAIBIU| q q

saw091no Aourubaid uo uonusAlaiul 8]A1S841| [RI0IARYS( JO 199143

¥ 31avL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

available in PMC 2022 June 19.

Obesity (Silver Spring). Author manuscript



Page 22

Liuetal.

‘o13el sppo paisnipe ‘*YOv ‘paisnipe “[pe

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Obesity (Silver Spring). Author manuscript; available in PMC 2022 June 19.



	Abstract
	Introduction
	Methods
	Participants
	Randomization
	Behavioral lifestyle intervention
	Standard care
	Measures
	GWG outcomes
	Maternal and infant health outcomes.
	PA.
	Dietary intake.

	Statistical analyses

	Results
	GWG
	Different treatment effects in GWG and behavioral outcomes
	Intervention dose-response analyses
	Maternal and infant health outcomes

	Discussion
	Conclusion
	References
	Figure 1
	TABLE 1
	TABLE 2
	TABLE 3
	TABLE 4

