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Abstract

OBJECTIVE—The objective of the study was to investigate whether group prenatal care 

(Centering Pregnancy Plus [CP+]) has an impact on pregnancy weight gain and postpartum weight 

loss trajectories and to determine whether prenatal depression and distress might moderate these 

trajectories.

STUDY DESIGN—This was a secondary analysis of a cluster-randomized trial of CP+ in 14 

Community Health Centers and hospitals in New York City. Participants were pregnant women 

aged 14–21 years (n = 984). Medical record review and 4 structured interviews were conducted: in 

the second and third trimesters and 6 and 12 months postpartum. Longitudinal mixed modeling 

was utilized to evaluate the weight change trajectories in the control and intervention groups. 

Prenatal distress and depression were also assessed to examine their impact on weight change.

RESULTS—There were no significant differences between the intervention and control groups in 

baseline demographics. Thirty-five percent of the participants were overweight or obese, and more 

than 50% had excessive weight gain by Institute of Medicine standards. CP+ was associated with 

improved weight trajectories compared with controls (P < .0001): women at clinical sites 

randomized to group prenatal care gained less weight during pregnancy and lost more weight 

postpartum. This effect was sustained among women who were categorized as obese based on 
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prepregnancy body mass index (P < .01). Prenatal depression and distress were significantly 

associated with higher antepartum weight gain and postpartum weight retention. Women with the 

highest levels of depression and prenatal distress exhibited the greatest positive impact of group 

prenatal care on weight trajectories during pregnancy and through 12 months postpartum.

CONCLUSION—Group prenatal care has a significant impact on weight gain trajectories in 

pregnancy and postpartum. The intervention also appeared to mitigate the effects of depression 

and prenatal distress on antepartum weight gain and postpartum weight retention. Targeted efforts 

are needed during and after pregnancy to improve weight gain trajectories and overall health.
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excessive gestational weight gain; group prenatal care; postpartum weight loss

In the United States, approximately one-quarter of high school females are overweight or 

obese and by ages 20–39 years, one-third are obese.1,2 More than half of pregnant women 

are overweight or obese.3 In 2009, the Institute of Medicine (IOM) published target 

gestational weight gain recommendations to address gestational weight gain based on 

prepregnancy body mass index (BMI).4

The increased risk of maternal and fetal complications associated with obesity and excessive 

gestational weight gain are well documented and include fetal anomalies, gestational 

diabetes, preeclampsia, cesarean delivery, macro-somia, asphyxia, and stillbirth.5-8 Since 

these recommendations were published, there has been increasing evidence that most 

women do not have appropriate gestational weight gain or postpartum weight loss within the 

IOM guidelines.9 In a previous study, we conducted among young mothers aged 14–25 

years, almost two thirds exceeded recommendations for weight gain during pregnancy, and 

by 1 year post-partum, 68.5% were overweight or obese.10

Given the compounding effects of repeated pregnancies with excessive weight gain and 

inadequate postpartum weight loss, there has been focused research attention investigating 

lifestyle and dietary interventions for reducing gestational weight gain and postpartum 

weight retention.11 Most studies are small and have different primary outcomes making the 

development of evidence-based recommendations difficult. Several metaanalyses of 

interventions demonstrate that antepartum dietary counseling and physical activity may 

significantly reduce maternal weight gain.12-14 However, few studies include women who 

are obese, and the effect of such interventions among overweight and obese women is 

equivocal.15,16

Studies of antepartum interventions on postpartum weight loss are even more limited. 

Postpartum interventions that utilize both exercise and dietary interventions have had some, 

although not uniform, success.17,18 Disparate results in both antepartum and postpartum 

interventions are due in part to heterogeneity of populations and treatments, social norms of 

pregnancy weight gain, and nonadherence to study protocols, especially in the postpartum 

period. There are few randomized controlled trials, limiting our ability to make evidence-

based recommendations in pregnancy and postpartum.
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Prenatal depression and distress have been linked to preterm birth and low birthweight, and 

there is emerging literature on the effects of chronic stress on weight gain.19-22 Stress 

increases circulating levels of cortisol, ghrelin, insulin, and proinflammatory cytokines, 

which affect appetite, satiety, energy expenditure, adipose storage, and weight gain.23 

Similar neuroendocrine and in-flammatory processes also have been theorized as potential 

mechanisms in the pathophysiology of preterm birth and low birthweight. However, few 

studies target depression or distress in pregnancy as a mechanism to improve weight 

trajectories or birth outcomes.

Group prenatal care has been shown to improve obstetric outcomes with a 33% lower rate of 

preterm delivery as well as improved psychological parameters.24,25 High-stress women 

who were randomized to group prenatal care reported significantly increased self-esteem 

and decreased stress and social conflict in the third trimester of pregnancy compared with 

the control group; social conflict and depression were significantly decreased at 1 year 

postpartum. Group time consists of discussion, education, and skills building to address 

explicit learning objectives in prenatal care, childbirth preparation, and postpartum care. It 

addresses common pregnancy stressors encountered by the group. The intervention directly 

addresses healthy nutritional choices and exercise, although these are a minor focus, and at 

each session participants are involved in self-care activities such as taking and charting their 

weight and blood pressure.

The objectives of this analysis are to investigate whether group prenatal care has an impact 

on pregnancy weight gain and postpartum weight loss trajectories and to determine whether 

prenatal depression and distress might moderate these trajectories.

Materials and Methods

This is a secondary analysis of data from a cluster-randomized trial in 14 community health 

centers and hospitals in New York City aimed at evaluating whether improved reproductive 

outcomes resulted from group prenatal care compared with usual individual care.

Clinical sites with a minimum of 300 pregnant women annually and that serve 

predominantly low-income and minority women were selected. Clinical sites were recruited 

and randomized in stratified blocks to account for lags in recruitment and time required for 

training and implementation support. Sites were also matched by relative size and type (ie, 

smaller community health centers vs larger hospital-based clinics). Enrollment began in 

2008, with clinical follow-up 1 year postpartum completed in 2012. After patient enrollment 

was completed, sites randomized to individual care were offered training to implement 

group prenatal care.

Young women aged 14–21 years attending an initial prenatal care visit at a participating 

clinical site were referred to the study by a health care provider or recruited directly by 

research staff. Inclusion criteria consisted of the following: (1) pregnancy before 24 weeks’ 

gestation; (2) no severe medical problems at time of enrollment that would require 

individualized assessment and tracking as a high-risk pregnancy; (3) English or Spanish 

speaking; and (4) agreed to receive group prenatal care if offered at their site.
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Women completed structured interviews at 4 time points: during pregnancy at trimester two 

(M = 18.72 weeks’ gestational age, SD, 3.29) and trimester three (M = 29.99 weeks’ 

gestational age, SD, 5.28) as well as postpartum at 6 months (M = 26.07 weeks, SD, 5.21) 

and 12 months (M = 57.30 weeks’ gestational age, SD, 13.50). Interviews were completed in 

English (77.7%) or Spanish (22.3%) using audio handheld-assisted personal interview 

technology.26 Participants were paid $20 for each interview. Systematic review of maternal 

and child medical records by trained research staff was also conducted.

All procedures were approved by the Institutional Review Boards at Yale University, 

Clinical Directors Network, and at each clinical site. Participants provided written informed 

consent.

Intervention

The intervention was implemented at the practice (ie, cluster) level. Participants at sites 

randomized to the intervention condition received CenteringPregnancy Plus (CP+) group 

prenatal care (Centering Healthcare Institute, Boston, MA), whereas those at sites 

randomized to the delayed intervention condition received standard individual prenatal care.

Described in detail previously, group prenatal care begins with a standard clinical intake 

(history/physical) conducted individually.24 Thereafter all care occurs within the group 

except health concerns requiring privacy and cervical assessments late in pregnancy. Groups 

include 8–12 women of the same gestational age and are facilitated by 2 health providers: 

physician or midwife and an assistant.

There are ten 120 minute sessions, scheduled to follow clinical guidelines from the 

American College of Obstetrics and Gynecology.27 There is a manualized curriculum to 

include skills and information designated by clinical guidelines as central to prenatal care. 

When participants arrive, they engage in self-care activities including taking their own 

weight and blood pressure, charting progress in their health records, and completing brief 

surveys. Fundal height and heart rate monitoring are completed by the clinician.

The majority of group time consists of facilitated discussion, education, and skills building 

to address explicit learning objectives in prenatal care, childbirth preparation, and 

postpartum care. Nutrition counseling occurs at the first group session.

Measures

Prepregnancy BMI (kilograms per square meter) was calculated from self-reported 

prepregnancy height and weight. Weight during pregnancy was obtained from medical 

record review as recorded at each prenatal care visit. Gestational age was estimated using 

ultrasound, and time was designated as a continuous variable representing weeks since 

conception to account for variability in the timing of delivery and interviews.

All psychosocial and behavioral factors were measured using valid and reliable scales. 

Baseline depressive symptoms were assessed using a 15 item version of the Centers for 

Epidemiologic Study-Depression, which is a measure of depressive symptomatology 

exhibiting good sensitivity and specificity as well as high internal consistency with both 
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nonpatient and patient populations. Exhibiting good reliability in our sample (alpha = .82), 

the 15 item version omitted the 5 psychophysiological items (eg, appetite, sleep disturbance) 

because of the strong colinearity with common pregnancy symptoms.

Also demonstrating good reliability in our sample (alpha = .86), the 17-item Prenatal 

Distress Questionnaire was administered at baseline and asked participants to rate on a 3 

point scale from not at all to very much, how much they were bothered, worried, or upset 

about various aspects of pregnancy (eg, low energy, physical symptoms such as nausea or 

backaches).28-30

Nutrition was assessed at baseline using a modified versions of the REAP (Rapid Eating 

Assessment for Patients), a 10-item measure that asks about a range of nutrition-related 

behaviors (eg, skipping breakfast, eating meals out). Responses are based on a frequency 

scale of 0 to 4 from never to every day, with higher scores denoting poorer nutrition (range, 

0–40). Baseline physical activity was assessed using a 4 item version of the WAVE (Weight, 

Activity, Variety, Excess), which utilizes the same 5 point response scale as the REAP and 

assesses frequency of moderate activity, playing an organized sport, building exercise into 

daily activities, and sedentary behavior such as 2 hours or more per day of watching 

television or playing video games.31 Demographic factors were obtained by self-report at the 

baseline interview. Race was categorized as African-American/black, Latina/Hispanic, or 

other.

Statistical analyses

For demographic comparisons, the study population was subdivided according to 

prepregnancy BMI category, using the published IOM-defined cut points and excessive 

weight gain cutoffs.3 Nonindependence of the repeated weight change scores required the 

use of multilevel models to examine weight change trajectories. Multilevel analyses were 

performed using PROC MIXED with maximum likelihood estimation and an unstructured 

covariance structure using SAS version 9.3 (SAS Institute, Cary, NC). Because of a 

significant P value for variance estimates, both the model intercept and gestational age (ie, 

time) were treated as random effects in the models. Because all other predictors were 

person-level effects (ie, level 2), they were treated as fixed.

Per multilevel modeling convention, the trajectory model building process began with testing 

of the random intercept model, followed by the unconditional growth model.32 Three 

iterations of growth models were sequentially tested: linear, quadratic, and cubic. 

Comparison of model fit using a χ2 difference test of the –2 log likelihood statistic indicated 

that the cubic model, which includes the linear, quadratic, and cubic terms in the model, 

represented the best fit of the data. Next, each main effect of interest was tested with only 

the linear, quadratic, and cubic time effects entered as covariates. All significant main effects 

were then tested in a combined effects model that included time effects. Interactions terms of 

theoretical interest were then entered in the model.

To maximize generalizability of the model, maternal age, racial/ethnic group, prepregnancy 

BMI (obese/nonobese), smoking during pregnancy, and intervention group were 

predetermined to be included in final models as covariates, regardless of statistical 
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significance. Prenatal depression and distress were retained in the model as they were tested 

as moderators of weight loss trajectories. All other predictors and interactions terms were 

retained only if P < .05.

Results

Participant characteristics and comparison between intervention and control conditions

Of 1538 young women eligible for the study, 1233 enrolled (80.2%). Of the 1233 young 

women who participated in the study, those with any of the following issues were excluded 

from all multilevel analyses: multiple births (n = 12), history of heart disease (n = 31), 

history of hypertension (n = 31), history of diabetes (n = 16), usable BMI data not provided 

(n = 80), and completely missing or invalid weight data (n = 63), yielding a working model 

of n = 1012.

Because of a small amount of missing data for the other predicators and covariates, the 

analytic sample informing the combined effects weight trajectory model was n = 984. χ2 

tests revealed that there were no significant differences between condition for any of the 

exclusionary health conditions or for invalid prepregnancy BMI data; however, women in the 

control group were more likely to have missing or invalid pregnancy weight data as 

compared with the intervention group (9% of control sample vs 1% in the intervention 

sample; P < .05).

Participant demographics are presented in Table 1. Comparing women at clinical sites 

randomized to group vs individual care, there were no significant differences in 

demographic, behavioral, or clinical characteristics, with the exception of the baseline 

nutritional assessment. Although the women in the intervention condition reported slightly 

better eating habits using the REAP (14.0 ± 5.3 vs 15.0 ± 5.8 vs P < .05), both groups 

demonstrated relatively good habits overall (range, 0–40). It is notable that half of the 

participants exceeded gestational weight gain amounts based on IOM guidelines. There was 

no significant difference in the total number of prenatal care visits with women in group care 

averaging 9.3 total visits compared with 8.9 in individual care.

Impact of group prenatal care on pregnancy weight gain and postpartum weight loss 
trajectories

Statistically significant and nonsignificant main effects from the multilevel model and their 

beta weights, SEs, and P values are presented in Table 2. In addition to several significant 

main effect, the multilevel model showed a significant difference in weight trajectories 

between the intervention and control groups over time (P < .0001). Women randomized to 

group prenatal care gained less weight during pregnancy and retained less weight 12 months 

postpartum. Furthermore, 12 months postpartum, the intervention group trajectory mean 

weight gain was within the guidelines of retaining <10 pounds postpartum (Figure 1, A).

There were no substantive differences in the multilevel models between underweight, 

normal weight, and over-weight groups; therefore, these categories were combined in 

multilevel models such that women were classified as either nonobese (BMI <30.0 kg/m2) or 

obese (BMI 30.0 kg/m2) based on prepregnancy BMI. The difference in weight gain 
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trajectories between the intervention and control groups persisted when stratified by obesity 

status (P < .01). As illustrated in Figure 1, B, the primary effect of the group prenatal care 

intervention was upheld, and in addition, there was a main effect of BMI group such that 

women who were categorized as obese based on prepregnancy BMI gained less weight 

during pregnancy and lost more weight postpartum than those who were not obese.

Prenatal depression and distress as mediators of weight change trajectories

Figure 2 illustrates that there was a significant difference in weight change between the 

intervention and control groups as a function of baseline depressive symptomatology. 

Women who were at clinical sites randomized to group prenatal care had similar (and 

generally favorable) trajectories of weight loss, regardless of depressive symptoms. An 

interaction was observed, such that women at clinical sites randomized to individual prenatal 

care with moderate and high baseline depressive symptoms had significantly more weight 

gain in pregnancy and significantly less weight loss throughout the postpartum period (P < .

0001). For example, 12 months postpartum, those in the control group with high depression 

(+2 SD) retained an average of 22.0 pounds, compared with those in group prenatal care 

with high depression who retained an average of 13.5 pounds (Table 3).

Figure 3 illustrates similar trajectories for varying levels of prenatal distress (P < .0001), 

whereby those with moderate and high levels of prenatal distress gained the most weight 

during pregnancy and retained the most weight postpartum. Using the same comparison as 

above, at 12 months postpartum, those in the control group with high prenatal distress (+2 

SD) retained an average of 24.2 pounds, compared with those in group prenatal care with 

high prenatal distress who retained an average of 15.1 pounds (Table 4).

Stratified weight differences for the full range of depression and prenatal distress are shown 

in Tables 3 and 4, respectively. These results demonstrate that women with the highest levels 

of depression and prenatal distress exhibited the greatest positive impact of group prenatal 

care on weight trajectories during pregnancy and through 12 months postpartum.

Comment

Our results demonstrate that group prenatal care has a significant positive effect on 

pregnancy weight gain trajectories and postpartum weight loss that extends to 12 months 

postpartum. This finding is further accentuated among women with prepregnancy obesity. 

Few studies to date have demonstrated an effect of lifestyle interventions on either 

gestational weight gain or postpartum weight loss, especially among those who are 

obese.12-14

Group prenatal care is not a weight-loss intervention. It is an innovative model of group 

medical care that provides more direct contact with providers (ie, 20 hours in the group 

setting) and deeply engages women and their family members, providing education and 

skills to have a healthy pregnancy. Participants discuss healthy nutrition and exercise in the 

first session as well as personally monitor their weight gain at each visit throughout the 

pregnancy. We believe that this intensive interaction with health care providers and self-care 

is likely the reason for these favorable outcomes.
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Group prenatal care focuses on positive lifestyle choices to promote a healthier pregnancy 

and also has demonstrated to have improved birth outcomes such as preventing preterm 

birth, rapid repeat pregnancy, and better mental health outcomes.24,25,33 Moreover, although 

one might presume that the time commitment for group prenatal care would be a barrier for 

participation, we have generally found that most patients report that the amount of time they 

are typically required to spend in a waiting room in a traditional care setting, in combination 

with the time of their individual care appointment, is often fairly equivalent to the time 

investment required in the group care context.

A second reason that the group prenatal care may lead to less weight gain is that it appears 

to reduce stress for those high baseline psychosocial distress, as we know from our previous 

research,25 and thus, it may reduce stress-related eating and weight gain.21,22 This study 

demonstrates that group prenatal care has a significant impact of mitigating the negative 

effects of depression and prenatal distress on weight gain trajectories, especially in the 

postpartum period.

The effect is both statistically significant and clinically meaningful, with weight gain 

differentials throughout the perinatal and postpartum periods. One year postpartum weight 

loss differentials are as much as 8–10 pounds. Both depression and stress are associated with 

weight gain, binge eating, and an increased intake of high caloric, nonnutritious food.22,23 

Addressing psychosocial factors in pregnancy and postpartum may lead to more sustained 

and beneficial results.11,34-37

This is a large cohort followed up longitudinally for 12 months post-partum. Participants are 

young and primarily ethnic minority; therefore, results may not be generalizable to women 

of different socioeconomic backgrounds. Although there was no apparent bias in the final 

sample analyzed, 20% of the original sample was excluded. The missing women, who were 

excluded because of health and pregnancy conditions, which may affect weight gain in 

pregnancy, or missing data may not have had as favorable weight outcomes. However, there 

was no difference in the groups at randomization or in the reason for patient exclusion by 

intervention. The results highlight the importance of incorporating weight control at a young 

age. More than one third of our cohort of young predominantly nulliparous women aged 14–

21 years were overweight or obese at conception, and half gained weight excessively during 

pregnancy.

Pregnancy is a window of opportunity to improve health outcomes because women are 

highly motivated to incorporate healthy behaviors to improve the outcomes for themselves 

and their children. Group prenatal care may be creating healthy social norms that might 

override the predominant cultural norms.38,39 It creates a new social network along with 

information about what is healthy weight gain, social support, and peer role models for 

healthy weight. Given the burgeoning rates of obesity as well as the importance of perinatal 

health for the health of future generations, it is time to implement a more holistic approach 

to the obstetric care of women.
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FIGURE 1. 
Weight change over time by intervention condition and obese group status
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FIGURE 2. 
Weight change over time as predicted by intervention condition × depression
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FIGURE 3. 
Weight change over time as predicted by intervention condition × prenatal distress
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TABLE 1

Demographics

Variable Group care (n = 495) Individual care (n = 489) Total (n = 984)

Age, M (SD) 18.7 (1.79) 18.6 (1.69) 18.7 (1.74)

Race, % (n)

    Latina 63.6 (315) 63.4 (310) 63.5 (625)

    Black, non-Latina 30.9 (153) 33.3 (163) 32.1 (316)

    Other 5.5 (27) 3.3 (16) 4.4 (43)

Parity, % (n)

    0 84.8 (407) 85.9 (413) 85.3 (820)

    1 13.8 (66) 11.4 (55) 12.6 (121)

Education, % (n)

    Less than high school 29.4 (143) 28.0 (136) 28.7 (279)

    High school graduate/in school 50.8 (247) 50.1 (243) 50.5 (490)

    Some college or more 19.8 (96) 21.9 (106) 20.8 (202)

Depression, M (SD) 12.8 (8.3) 12.3 (8.9) 12.5 (8.6)

Prenatal distress, M (SD) 13.0 (6.8) 13.3 (6.7) 13.1 (6.7)

Prepregnancy weight, % (n)

    Underweight 11.7 (58) 11.5 (56) 11.6 (114)

    Healthy weight 49.9 (247) 56.6 (277) 53.3 (524)

    Overweight 21.8 (108) 17.2 (84) 19.5 (192)

    Obese 16.6 (82) 14.7 (72) 15.7 (154)

Excessive weight gain, % (n) 48.8 (205) 51.6 (215) 50.2 (420)

REAP, M (SD)
a 14.0 (5.3) 15.0 (5.8) 14.5 (5.6)

WAVE, M (SD) 5.67 (2.8) 5.81 (2.8) 5.74 (2.8)

Attempted breast-feeding, % (n) 88.1 (267) 87.2 (231) 87.7 (498)

ANOVA with Tukey correction for continuous outcomes and χ2 test for categorical outcomes were used to examine between-group differences.

a
Indicates a significant difference between groups with P < .05.
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TABLE 2

Pregnancy and postpartum weight change model estimates

Combined effects depression interaction 

model
a

Combined effects prenatal distress 

interaction model
b

Predictor b P value SE B P value SE

Intercept –29.9 c 2.76 –29.5 c 2.75

    Level 1 (time-varying measures)

        Time, weeks from conception based on 

GA
d

            GA, linear time effect (random) 2.53 c 0.05 2.49 c 0.05

            GA2, quadratic time effect –0.04 c 0.001 –0.04 c 0.001

            GA3, cubic time effect 0.00016 c .000006 0.0002 c 0.000005

    Level 2 (non–time-varying measures)

Demographic variables

    Intervention (0 = control group; 1 = 
intervention group)

2.75 e 1.21 2.45 e 1.20

    Race (reference group is Other race 

category)
d

        African American –2.98 1.62 –2.90 1.61

        Latino/Hispanic –3.26 e 1.57 –3.17 e 1.55

    Maternal age, grand mean centered 0.44 0.23 0.43 0.23

Health-related variables

    BMI group (0, nonobese; 1, obese) 0.48 1.39 –0.09 1.39

    Smoking during first 24 wks of pregnancy 
(0, no; 1, yes)

2.28 1.80 2.29 1.80

    Depression (CES-D), grand mean centered –0.02 0.10 0.06 0.05

        Prenatal distress, grand mean centered 0.01 0.07 –0.07 0.14

Model intraclass correlation = 0.56; unadjusted estimates for education, income, and primigravida were not significantly predictive of weight 
change, so these effects were excluded from the combined effects models.

BMI, body mass index; CES-D, Centers for Epidemiologic Study-Depression; GA, gestational age.

a
The estimates in this column are adjusted for the following significant (P < .05) interactions, including all required lower-order interaction terms: 

GA2 × BMI group; GA3 × intervention, CESD × intervention; GA3 × CESD; and GA3 × CES-D × intervention
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b
The estimates in this column are adjusted for the following significant (P < .05) interactions, including all required lower-order interaction terms: 

GA2 × BMI group GA3 × intervention, PD × intervention; GA3 × PD, and GA3 × PD × intervention

c
Variables subsumed under this term tested together as a block

d
P < .0001

e
P < .05.
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TABLE 4

Weight change model estimates for intervention × prenatal distress group interaction, adjusted for model 

covariates (pounds)

Group prenatal care Control

Weeks from conception –1 SD 
prenatal 
distress

M prenatal distress +1 SD 
prenatal 
distress

+2 SD 
prenatal 
distress

–1 SD 
prenatal 
distress

M prenatal distress +1 SD 
prenatal 
distress

+2 SD 
prenatal 
distress

12 wks 2.25 2.14 2.03 1.92 2.45 2.58 2.71 2.84

20 12.0 11.8 11.7 11.5 13.0 13.5 13.9 14.4

40 24.4 24.3 24.2 24.2 25.8 26.9 28.0 29.2

6 wks’ postpartum 25.4 25.4 25.4 25.3 26.6 27.9 29.2 30.6

6 mo postpartum 23.6 23.6 23.7 23.8 23.2 25.4 27.5 29.7

12 mo postpartum 15.4 15.3 15.2 15.1 12.3 16.3 20.3 24.2
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