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Objective—This analysis focuses on 1-year maternal and infant follow-up of a randomized trial
that tested a weight management intervention conducted during pregnancy.

Methods—We randomly assigned 114 women with obesity (mean BMI 36.7 kg/m?) at a mean of
15 weeks’ gestation to a weight management intervention or usual care control condition. The
intervention ended at delivery and resulted in less gestational weight gain and a lower proportion
of large-for-gestational age newborns among intervention compared to control participants. The
primary outcome at 12 months postpartum was maternal weight. Secondary outcomes included
infant weight-for-age and weight-for-length z-scores.

Results—At 1 year, mothers in the intervention group weighed 96.3+18.6 kg, and in the control
group, 99.7£19.2 kg. There was no significant difference between groups in change in weight
from randomization to 1-year postpartum (b=-0.47, 95% CI [-4.03, 3.08]. There was a significant
main effect of group for infant weight-for-age z-score (b=-0.40, 95% CI [-0.75,-0.05]) but not
infant weight-for-length z-scores (b=-0.20, 95% CI [-0.59,0.20].

Conclusions—A gestational weight management intervention did not influence maternal weight
or infant weight-for-length at 1-year postpartum. Future studies may be warranted to determine if
extending prenatal interventions into the postpartum period would be beneficial for maternal and
infant outcomes.

Keywords
obesity; pregnancy; weight loss maintenance

Introduction

Pregnancy is an important time in a woman’s life when her dietary and lifestyle practices
influence not only her health but also that of her child’s. Maternal nutrition plays an
important role with both inadequate and excessive dietary intake and gestational weight gain
affecting pregnancy outcomes (1-4). Excessive gestational weight gain is not only associated
with adverse pregnancy outcomes (2, 4), and postpartum weight retention with an increased
BMI (4, 5), but also with a higher risk of obesity in the offspring (6). Gestational weight
gain in excess of the Institute of Medicine (IOM) recommendation (7) substantially
increases the risk of excessive (>10 Ib) weight retention one year after delivery (8), and
transitioning from overweight to obesity from early pregnancy to the first year postpartum
(9). Additionally, weight retention one year after pregnancy predicts weight retention 15
years later (5). Increases in weight between pregnancies increases the risk of subsequent
gestational diabetes (10-12), type 2 diabetes (12), preeclampsia (13), and cesarean delivery
(14, 15). Greater gestational weight gain is also associated with higher child BMI z-scores,
increased body fat and elevated systolic blood pressure for the child at three years of age
(16).

Although dietary-based weight management interventions during pregnancy may reduce
pregnhancy weight gain and improve pregnancy outcomes (17, 18), very few trials have
examined maternal and child outcomes at 1 year postpartum or beyond (19, 20). Thus, it is
unknown if dietary interventions conducted solely during pregnancy influence long-term
maternal and child health. The Healthy Moms study found that a comprehensive, group-
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based, lifestyle intervention conducted weekly during pregnancy reduced gestational weight
gain among women with obesity compared to controls. We present here the one-year follow
up data for the study participants and their infants. Our goal was to determine if women who
received the weight management intervention during pregnancy weighed less at 1-year
postpartum than controls. We also evaluated their infants to determine if there were
differences between groups in weight, weight-for-length, and adiposity measures from birth
to one year.

Methods

Study design

We have previously reported in detail the design and methods for the Healthy Moms trial
(21), a randomized, single-site, two-arm clinical trial that tested the efficacy of an
intervention program designed to minimize gestational weight gain for women with obesity.
The study began recruitment in October 2009 and data collection continued until February
2013 when the last one-year visit was completed. The primary outcomes of the trial from
pregnancy through the initial postpartum period have been published (18). This report
presents the one-year, post-partum follow-up data for the mothers and their infants.

Study participants

We randomized 118 English-speaking, women with BMIs =30 kg/m? who were receiving
prenatal care from Kaiser Permanente Northwest, a closed-panel managed care organization
that provides comprehensive medical care to nearly 500,000 members in Northwest Oregon
and Southwest Washington. Women who had diabetes mellitus or other medical conditions
requiring specialized nutritional care (for example, a history of bariatric surgery), or were
greater than 20 weeks gestational age based on the pregnancy dating information available at
enrollment were excluded.

Women in the weight management arm participated in a weekly, group-based diet and
lifestyle intervention (described below). Women in the usual care control group received a
single dietary advice session with a dietitian. All study participants were asked to return to
the research clinic for outcome measures at 34 weeks gestation and postpartum with their
infants at two to three weeks and one year.

The Kaiser Permanente Northwest Institutional Review Board and an independent data
safety and monitoring board approved the study protocol and consent procedures. All
participants provided written informed consent.

Intervention

Immediately after randomization, intervention participants received an individual dietary
counseling session, followed one week later by a second individual dietary counseling
session. After that, intervention participants attended weekly group meetings until they
delivered, but no intervention was provided post-partum. We encouraged participants to keep
daily food and activity records and to turn them in weekly at the group meeting. The group
session format has previously been described in detail but included a check-in, a nutrition
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topic and/or exercise topic, a behavior change topic, and a goal-setting segment for the next
week with a plan for how to meet the goals (22). The weight management goals were to
maintain weight within 3% of randomization weight, keep energy intake (calories) within an
individualized goal, adopt the Dietary Approaches to Stop Hypertension (DASH) eating
pattern without sodium restriction, and exercise daily (goals 30 minutes moderate activity
per day or 10,000 steps per day on pedometer).

Outcome measures

The primary one-year postpartum outcome was maternal weight change, defined as weight
measured at one-year postpartum minus weight at randomization (mean gestational age
14.9+2.6 weeks). We also evaluated infant weight and length change from birth to 1 year of
age, and infant skinfold measures at 2 weeks and 1 year of age.

Staff who were blinded to the participants study group measured maternal weight
(kilograms, kg) at randomization, 34 weeks gestation, and 2 weeks and 1-year postpartum
and infant weight, length, and skin fold measures at 2 weeks and 1 year of age. At each time
point, the participants were weighed on a high quality digital scale with their shoes removed.
Height was measured once at baseline (centimeters, cm) with a calibrated, wall-mounted
stadiometer. Infant birth weights (grams) were collected from the medical record. At 2
weeks and 1 year of age, infant weight, length, and skinfold measures were collected in the
research clinic. Infants were weighed (grams, g) on an electronic scale (Seca model 727;
Seca Corp., Hanover MD). Length was measured in centimeters on an O’ Leary Pediatric
Length Board (Ellard Instrumentation, Seattle WA). Infant skinfolds were measured at the
tricep and subscapular regions using Harpenden skinfold calipers (CMS Instruments,
London) with readings done following a five second count after applying caliper blades and
measures recorded to the nearest millimeter. Each measure was performed 3 times and the
final value was the average of the three measures. Study staff were trained to collect infant
measures by a study investigator (CM) who is also a Pediatrician and Neonatologist. The
physician demonstrated the measure to the staff using the equipment in the research clinic
and observed staff obtaining the measure to assure proper technique. We calculated infant
weight-for-length, weight-for-age, and length-for-age. To determine the z-scores for these
measures, we used WHO growth standards data (23). We also present the proportion of
infants who had high weight for length at 1 year of age. High weight (overweight) for
children ages 0-2 years is defined as a weight for length at or above the 97.7th percentile of
WHO weight for recumbent length growth standards (24).

Missing maternal weights were filled when possible with data from the medical records. We
have previously shown that maternal weights and heights as documented in the medical
record correspond well to those collected in the research setting (25). We performed a
similar analysis for infant weights (n=64) and lengths (n=64). We found that the
concordance of the medical record and research infant weights was extremely high
(concordance correlation coefficient (CCC)=.96), suggesting that these data are
exchangeable; however, this was not so for infant lengths (CCC=.71). A previous study has
also shown that clinically obtained length measures tend to underestimate measures of
under- and overweight in children under 2 years of age (26). Therefore, only research
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measures were used for infant length outcomes. Skinfold measures are not collected as part
of routine medical care; thus, fewer infants could be included in both skinfold and weight-
for-length analyses (n=44 intervention, n=41 control) than in analyses requiring weight only
(n=51 intervention, n=52 control).

To be included in the analysis the measured maternal weights had to have occurred within
+/- 90 days of 1 year postpartum. Infant weight measures were accepted from 11 to 14
months of age. The WHO program for calculating z-scores is age specific, which allows for
variability in infant age in the calculation. If participants had both a weight collected in the
research clinic and a medical record weight in the specified window, then preference was
given to the weight measured in the research clinic. The timing of the collection of weight
measures did not differ significantly between the groups (1 day difference on average, p=.
86).

Statistical analyses

We performed an intention to treat (ITT) analysis using all available data for the 114
participants according to the group to which they were randomly assigned at the baseline
visit. We used generalized estimating equations (GEE) to account for the repeated
measurements across time within individuals for each outcome (27). An advantage of GEE
is that it allows us to include participants with missing data across time, as GEE uses all
available data to estimate the working correlation matrix parameters (27-29). GEE is
consistent with an ITT approach in that all randomized participants with at least one data
point are included in the analysis; participants will vary in the number of data points they
can contribute (1, 2, or 3) and are not dropped from the analysis if missing at follow-up.
Time was modeled as a categorical within-subjects variable. Group assignment was a
categorical between-subjects variable. Our focal effect was time by group interaction, which
would indicate differential change over time. For the baby weight analyses, we included
baby gender and gestational age at birth, as covariates. For z-score baby weight analyses, we
included only gestational age at birth since gender is a component of the z-score. We
examined whether there was a difference between the intervention and control groups on the
proportion of infants who had high weight for length at one year of age, defined as at or
above the 97.7th percentile of WHO weight for recumbent length growth standards, using
multiple logistic regression. No covariates were included for maternal weight.

The study was powered at .80 and a two-tailed alpha level of .05 to detect the anticipated
difference (Cohen’s d=.40) between the arms in maternal weight change from randomization
to 1 year postpartum with 160 participants through one year.

Across the cohort, we explored whether gestational weight gain (maternal weight change
from randomization to 34 weeks) was predictive of postpartum weight retention (maternal
weight change from randomization to one year postpartum) using multiple linear regression.
For this analysis, which was not driven by the participants’ random allocation to intervention
or control, we adjusted for confounding by BMI, parity, and age as these factors have
previously be shown to be significantly associated with gestational weight gain (8). We also
included arm as a covariate. Prior to analysis, we examined the distributions of the data to
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check that the assumptions of the analyses were met and for the presence of outliers that
may have had an undue influence on the results.

Figure 1 shows the flow of participants through the study. We randomized 118 women. Two
participants withdrew within a week after randomization and 2 miscarried, leaving 114 in
the cohort. One-year postpartum weight measures were available for 89 women (75 from the
research clinic and 14 from the medical record). Nine women were pregnant at follow up,
and data were missing for 16 women. Our participants were primarily White (86%) women
who had at least a high school education (Table 1). Their mean BMI at study entry
(randomization) was 36.7 kg/m?2; over half were classified with Class 2 or 3 obesity. Women
who returned to the research clinic for follow up at one year, did not differ significantly from
those without a follow up visit (Table 1; X2(1)= 0.21, p=.65). One-year weights were
available for 43 (77%) intervention and 46 (79%) control participants.

Maternal weight outcomes at one year

Figure 2 graphically displays maternal weight change by study arm from randomization
through 1 year postpartum. We found a significant overall time by group interaction
(X2=19.08, p<.001). Consistent with what we reported previously (18), the intervention
group gained less weight during pregnancy than the control group, and weighed less both at
34 weeks gestation (mean difference=-3.4 kg, 95% CI [-5.0,-1.8], time point A) and at 2
weeks postpartum (-2.7 vs +1.2 kg, mean difference=-3.9 kg 95% CI [-5.9,-1.9], time point
B) than at randomization.

From randomization to one year postpartum, there was no significant difference between the
intervention and control groups in change in weight (-1.4 kg vs -0.9 kg, respectively, mean
difference -0.5 kg, 95% CI [-4.0, 3.1], Table 2, time point C). There was a significant
difference in maternal weight change from 2 weeks to one year postpartum (Figure 2, time
points B to C), such that the intervention group had an increase in weight between 2 weeks
and one year postpartum (96.2 to 97.5 kg, mean change = +1.3 kg); whereas, the control
group had a decrease in weight (101.7 to 99.6 kg, mean change -2.1 kg) (adjusted effect size
3.4 kg, 95% CI [0.1, 6.8]).

The proportion of study participants who were at or below their randomization weight at 1
year postpartum did not differ by intervention arm, X2(2)=0.98, p=.61. Overall, 56% in the
Intervention group and 58% in the control group were at or below their randomization
weight at 1 year postpartum, and 24% and 19%, respectively weighed >4.54 kgs (10 pounds)
more than when they entered the study. When considering data for the cohort as a whole,
independent of covariates and group assignment, we found gestational weight gain to be
positively associated with postpartum weight retention (b=0.8 kg, 95% CI [0.4, 1.3], p<.
001).

Infant outcomes

Among the 114 infants born to our study participants, 44% were male (Table 1). The average
gestational age at birth was 39.1 wks (+/- 1.6 wks), and 5 (4.4%) were born preterm (<37
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weeks gestation). As previously reported (18), the mean birthweights and weight for
gestational age z-scores of intervention and control group newborns did not differ
significantly; however, the intervention group had fewer large-for-gestational-age infants
(birth weight greater than 90™ percentile for gestational age, 9% vs. 26%; odds ratio
[OR]=0.28, 95% CI [0.09, 0.84]; p=.02).

The unadjusted mean infant weight, length, weight-for-age, length-for-age, weight-for-
length, and skinfold measures by study arm for birth, 2 weeks and 1 year are shown in Table
3.

For infant weight, there were no significant differences between the intervention and control
groups in the change from birth to 1 year in infant weight and weight-for-age z-score, from 2
weeks to 1 year of age in length, length-for-age z-score, or weight-for-length z-score (Table
2). Further, there were no differences between groups /n the change from 2 weeks to one
year of age in infant adiposity as measured by the sum of the triceps and subscapular
skinfolds.

However, there were significant main effects (Table 3). Averaged across time, infants born to
women in the intervention group weighed less than the control group (mean difference
=-0.20 kg, 95% CI [-0.38, -0.02], p=.031) and had a lower weight-for-age z-score, (mean
difference =-0.40 SD units, 95% CI [-0.75, -0.05], p=.024). There were no significant main
effects for infant length, length-for-age z-score, weight-for-length z-score, or adiposity.
There was also no significant difference between the intervention (n=1; 2.3%) and control
(n=4; 9.8%) groups on the proportion of children at the 97.7" percentile or higher on weight
for length, OR=0.22, 95% CI [0.02, 2.01], p=.18.

Discussion

The Healthy Moms trial is one of only two other interventions (19, 20) to examine maternal
weight at one-year postpartum, and possibly the only trial to examine both infant weight and
adiposity as measured by skinfolds at the same time. We found that while a group-based,
weight management intervention focused on dietary and lifestyle changes during pregnancy
resulted in less gestational weight gain among the intervention group, the maternal weight
differences between the intervention and control groups were not sustained at one-year
postpartum. The infants born to women in the intervention group, however, did appear to
experience a benefit as fewer were born large for gestational age and there was a modest
sustained difference in weight over the course of the first year of life.

The one-year maternal weight findings of our study are similar to those of the two other
pregnancy management trials with 1-year postpartum follow up, which also found no
significant weight differences between groups at 1-year postpartum (19, 20). However,
unlike our study, neither of those trials had a significant impact on reducing pregnancy
weight gain among women with obesity. Why the significant difference in weight seen in the
initial postpartum period in our study did not persist through the first year postpartum is
unclear; however, the lack of continued intervention in the postpartum period is a likely
possibility. The slow rise in weight noted among the intervention group after the 2 week
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postpartum visit reflects the slow rise observed in most adult weight loss studies (30),
suggesting relapse to pre-intervention behavior following the end of intervention contacts.

At one year postpartum, over half of women in both the intervention and control groups had
returned to or were below their baseline weight (measured at 15 weeks gestation on
average). These proportions are higher than those observed at 1 year in the Fit for Delivery
study (35.4% of intervention and 28.1% of control participants, p=.18) whose intervention
also focused only on the prenatal period (20). However, it is hard to compare the numbers
directly as that study assessed return to self-reported, pre-pregnancy weight. Both of these
trials confirmed the finding from prior retrospective cohort analyses (8, 9) that gestational
weight gain is a strong predictor of postpartum weight retention.

The data from our trial and others suggest there is a need for weight management
interventions in the postpartum period, not only to help women with postpartum weight
retention lose weight, but also to provide ongoing for support those who were able to
successfully manage their weight during pregnancy. The best modality for postpartum
weight management is yet to be determined. Time constraints have been reported as a
significant barrier for women in the postpartum period (31); therefore, testing interventions
that do not require face-to face contact, such as phone and internet, would be valuable.

Weight and length trajectories in the first year of life did not differ between the intervention
and control group infants. Since weight and length changes are not linear between 2 weeks
and 12 months postpartum, additional weight data collected between those two time points
may be needed to see subtle differences. Another possibility is that maternal weight
management interventions conducted during pregnancy do not influence childhood growth
trajectories and postpartum intervention with mothers and their infants is needed if affecting
the childhood weight trajectory is desired.

It is unclear what factors may have contributed to the main effect observed for infant weight
and weight-for-age. Since women in the intervention group gained less weight during
pregnancy, one possible hypothesis is an in utero effect of maternal dietary pattern or caloric
intake on offspring weight. Women in the intervention group were given a calorie intake
goal and advised to follow the DASH dietary pattern, which favors foods with a lower
glycemic index and less intake of saturated fats. A recent meta-analysis of randomized
clinical trials among women with gestational diabetes suggests that dietary patterns with a
low glycemic index lead to reduced birth weights and less insulin use (32). Another
possibility is variation in infant feeding practices in the first year of life. Additional trials
testing dietary interventions among pregnant women and their offspring may be able to
further delineate the impact of maternal diet during pregnancy and infant diet in the first year
of life on long-term risk for childhood obesity.

The strengths of our study include its randomized design, use of measured weights (rather
than self-reported weights), and the duration of follow up of both the mothers and their
infants. One limitation is our study’s sample size, which may have contributed to our
inability to detect significant differences in maternal and infant outcomes at one year.
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Further, we did not collect biologic and anthropometric measures to assess the impact of the
intervention on maternal metabolism or body composition.

In summary, our study findings suggest that ongoing support for weight management may be
required after delivery to sustain favorable weight changes attained during pregnancy. This
inference is not surprising given the adult weight loss literature also shows that successful
weight loss maintenance requires continued support (30). Further, it is unknown whether
ongoing postpartum diet and lifestyle intervention for the mother will also affect the diet and
weight of her children. Ongoing trials may be able to provide more insight into this issue
(33).
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What is known

1.

Approximately half of women with obesity gain excessive amounts of
weight during pregnancy and long-term postpartum weight retention is
common.

Cohort studies suggest that excessive maternal weight gain during
pregnancy may lead to offspring obesity.

Few randomized trials of pregnancy weight management interventions
have included long-term weight outcomes for either mothers or their
infants.

What this study adds

1.

A successful weight management intervention delivered during
pregnancy did not produce a lasting difference in maternal weight
between intervention and control groups at 1-year postpartum.

Gestational weight management intervention may have an effect on
infant weight over the first year of life.

Pregnancy weight management interventions might benefit from adding
a postpartum weight loss maintenance program to prevent postpartum
weight regain.
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Figure 1.
CONSORT Diagram

The number of intervention participants with measured weights available at 34 weeks
gestation (n=55) is 1 greater than that noted in the diagram of an earlier report (n=54)
[Obesity (2014) 22, 1989-1996)]. The error is in the previously published figure only and
does not change the results.
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Figure 2.

Maternal weight change from randomization to one year postpartum A, B, and C refer to the
difference between the maternal weights at each time point.
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Healthy Moms cohort baseline characteristics

Had One Year Visit

Did Not Have One Year

Full cohort (n=114) +SD

(n=75) £SD or N (%) Visit (n=39) £SD or N (%) p or N (%)

Group | | | 0.70 |

Control | 37 (49%) | 21 (54%) | | 58 (51%)

Intervention | 38 (51%) | 18 (46%) | | 56 (49%)
Maternal (n=114)
Maternal age (years) 32.145.1 31.244.5 0.32 31.8+4.9
Gestational age at randomization (weeks) | 15.1+2.5 | 14.4+2.7 | 0.14 | 14.9+2.6
Weight (kg) | 99.0+16.5 | 101.0+12.8 | 0.51 | 99.7415.3
BMI (kg/m?) | 36.8+5.4 | 36.6+3.9 | 0.85 | 36.7+4.9
BMI category (kg/m?) | | | 0.65 |

30-34.9 | 34 (45%) | 16 (41%) | | 50 (44%)

35-39.9 | 24 (32%) | 16 (41%) | | 40 (35%)

40+ | 17 (23%) | 7 (18%) | | 24 (21%)
Parity | | | 1.00 |

Nulliparous | 35 (47%) | 18 (46%) | | 53 (46%)

Parous | 40 (53%) | 21 (54%) | | 61 (54%)
Race | | | 0.46 |

White | 66 (88%) | 32 (82%) | | 98 (86%)

Black | 2 (3%) | 3 (8%) | | 5 (4%)

Other | 7 (9%) | 4 (10%) || 11 (10%)
Education | | | 0.61 |

High School Graduate/GED | 18 (24%) | 12 (31%) | | 30 (26%)

Technical School Graduate | 9 (12%) | 4 (10%) | | 13 (11%)

College Graduate or more | 46 (61%) | 20 (51%) | | 66 (58%)

Missing | 2 (3%) | 3 (8%) | | 5 (4%)
Infant (n=114)
Gestational age of baby at birth, weeks 39.0+1.8 39.4+1.2 0.29 39.1+1.6
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Had One Year Visit Did Not Have One Year Full cohort (n=114) +SD
(n=75) +SD or N (%) Visit (n=39) +SD or N (%) p or N (%)
Sex of baby | | | 0.32 |
Male | 45 (60%) | 19 (49%) | | 50 (44%)
Female | 30 (40%) | 20 (51%) | | 64 (56%)
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Maternal and infant one-year outcomes

Table 2
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Adjusted Mean (SE)

Baseline 1 Year after Birth Changein Differencein Adjusted Mean

Adjusted Mean Change[95% ClI]
Maternal Weight (Kg)?
Intervention 98.8 (2.0) 97.5(2.5) -1.3

-0.5[-4.0, 3.1]
Control 100.5 (2.0) 99.6 (2.5) -0.9
Infant Weight (Kg)b
Intervention 3.50 (0.06) 9.86 (0.12) 6.36
0.02 [-0.37,0.41]

Control 3.70 (0.07) 10.04 (0.17) 6.34

Weight for age z-score?

Intervention

0.41 (0.11) 65.9%tile

0.44 (0.11) 67.0%tile

0.03 1.1%tiles

Control

0.81 (0.14) 79.1%tile

0.51 (0.13) 69.5%tile

-0.30 -9.69%tiles

0.33 [-0.07,0.73] 10.7%tiles

Weight for length z-score®

Intervention

-0.16 (0.15) 43.6%tile

0.52 (0.11) 69.9%tile

0.68 26.3%tiles

Control

0.03 (0.13) 51.2%tile

0.62 (0.15) 73.2%tile

0.59 22%tiles

0.10 [-0.35,0.54] 4.3%tiles

Length for age z-score®

Intervention

-0.09 (0.15) 46.4%tile

-0.08 (0.14) 46.8%tile

0.01 0.4%tiles

Control

0.18 (0.16) 57.1%tile

0.19 (0.20) 57.5%tile

0.01 0.4%tiles

-0.01 [-0.51, 0.50] 0%tiles

Sum of triceps + subscapular
skinfold thicknesses (mm)c

Intervention

16.32 (0.57)

19.85 (0.78)

3.53

Control

15.86 (0.58)

19.18 (0.62)

3.32

0.21 [-2.58, 2.99]

a . N
Baseline=Randomization

b . .
Baseline=Birth

CBaseIine:Z weeks after birth

Note: Corresponding percentile given for each Z score measure (%tile); difference in percentile units also provided for Z score measures (%tiles)
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