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Abstract This study examined differences in gestational

weight gain for women in CenteringPregnancy (CP) group

prenatal care versus individually delivered prenatal care.

We conducted a retrospective chart review and used pro-

pensity scores to form a matched sample of 393 women

(76 % African-American, 13 % Latina, 11 % White;

average age 22 years) receiving prenatal care at a com-

munity health center in the South. Women were matched

on a wide range of demographic and medical background

characteristics. Compared to the matched group of women

receiving standard individual prenatal care, CP participants

were less likely to have excessive gestational weight gain,

regardless of their pre-pregnancy weight (b = -.99, 95 %

CI [-1.92, -.06], RRR = .37). CP reduced the risk of

excessive weight gain during pregnancy to 54 % of what it

would have been in the standard model of prenatal care

(NNT = 5). The beneficial effect of CP was largest for

women who were overweight or obese prior to their

pregnancy. Effects did not vary by gestational age at

delivery. Post-hoc analyses provided no evidence of

adverse effects on newborn birth weight outcomes. Group

prenatal care had statistically and clinically significant

beneficial effects on reducing excessive gestational weight

gain relative to traditional individual prenatal care.

Keywords Birth weight � Pregnancy � Weight gain �
Women � Obesity

Introduction

In 2009, the Institute of Medicine (IOM) issued new rec-

ommendations for healthy weight gain during pregnancy

based on pre-pregnancy body mass index (BMI), recom-

mending that underweight women (BMI \ 18.5) gain

28–40 pounds during pregnancy, healthy weight women

(BMI = 18.5–24.9) gain 25–35 pounds, overweight

women (BMI = 25.0–29.9) gain 15–25 pounds, and obese

women (BMI [ 30) gain 11–20 pounds [1]. Maternal

weight gain below these guidelines is associated with low

neonatal birth weight, and weight gain above these

guidelines is associated with numerous detrimental out-

comes for mother and child, including gestational diabetes

mellitus, infant macrosomia, persistent maternal obesity

postpartum, and pediatric obesity [2–6]. Yet an estimated

45 % of US women gain weight during pregnancy in

excess of these guidelines [7].

Although much is known about the cascade of adverse

effects related to excessive weight gain during pregnancy,

existing interventions to prevent it are so limited in number

and effectiveness that both the IOM [1] and the Agency for

Healthcare Research and Quality (AHRQ) [8] have iden-

tified this topic as a major research gap. Although inter-

ventions have been tested to facilitate healthy weight gain

during pregnancy (with varying levels of cultural tailoring,

individualization, and participant burden), to date, prenatal
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care delivery models have not been sufficiently evaluated

for their efficacy.

Standard prenatal care typically involves approximately

13 one-on-one visits of 15–20 min duration with a primary

care provider. This care model generally focuses on con-

ducting health assessments and lab tests, early detection of

medical problems, and health education. Providers typi-

cally counsel on appropriate prenatal nutrition, exercise,

and weight gain targets. An alternative prenatal care model,

prenatal care in a group setting, emphasizes health educa-

tion, group support, and self-assessment. The Centering-

Pregnancy (CP) model is one standardized group-delivered

prenatal care model [9], which typically involves groups of

8–12 women of similar gestational age who meet for 10

group sessions of 90–120 min. At the beginning of each CP

session, women participate in personal prenatal assess-

ments by weighing themselves, measuring blood pressure,

determining gestational age, and editing their charts. Dur-

ing this assessment period, women have time to individu-

ally discuss with providers their progress, charts, or other

issues (e.g., scheduling individual prenatal sessions for

issues requiring additional privacy). Each CP session also

includes two formal group discussion/education periods

and a midsession break with refreshments. The group

education periods focus on a variety of wellness topics, are

led by a practitioner, and often supplemented with hand-

outs, worksheets, and videos. Women in CP typically keep

weekly food journals and learn to set physical activity and

nutrition goals. The CP curriculum also has sessions ded-

icated to prenatal nutrition and exercise, and the group

format is intended to provide social support and facilitate

collective problem-solving around barriers to behavior

change. Although women who receive traditional prenatal

care typically receive information about prenatal nutrition

and exercise, CP programs give women opportunities to

discuss their health, problem-solve, socialize, and develop

support networks with other pregnant women as part of

their medical care.

Only one randomized controlled trial has compared

gestational weight gain outcomes for CP versus traditional

individual prenatal care participants [10]. No significant

differences in weight gain were found between groups.

However, the study did not examine differences in weight

gain by pre-pregnancy BMI (e.g., healthy, overweight,

obese), which is problematic given that pre-pregnancy BMI

is the single best predictor of weight gain during pregnancy

[11–13], and that clinical recommendations for appropriate

weight gain vary by BMI category. A second (non-ran-

domized) study found that CP clients gained significantly

more weight during pregnancy than traditional care

patients [14]. Another non-randomized study found no

significant differences between groups in the likelihood of

gaining excess weight, but women in CP were less likely

than women in traditional care to gain weight below the

recommended amount [15]. Both studies used non-equiv-

alent comparison groups, and neither examined differences

in weight gain by pre-pregnancy BMI categories.

Given the limited and inconsistent findings to date [16],

the purpose of this study was to compare gestational weight

gain for similar women enrolled in group (CP) versus

traditional prenatal care. Secondary objectives were to

explore whether the association between prenatal care

model and gestational weight gain varied according to

women’s pre-pregnancy BMI and gestational age at birth.

To explore possible adverse effects, we also conducted post

hoc analyses comparing newborn birth weights based on

mothers’ type of prenatal care. We are unaware of any

controlled studies that have examined these differential

effects of prenatal care model on gestational weight gain by

pre-pregnancy BMI or gestational age. The present study

therefore contributes to the literature by examining whether

group prenatal care has a beneficial effect on gestational

weight gain, and whether those effects are more or less

pronounced in certain groups of women.

Methods

Sample

The sample included all obstetric patients who received

prenatal care (CP or traditional) at an independent faith-

based community health center in a Southern metropolitan

area between 2008 and 2011. Patients were offered the

option to participate in CP at their initial prenatal care

appointment. Women were deemed ineligible for CP by the

health clinic staff if they did not speak English (however,

multilingual women were eligible) or were considered at

high risk due to the following conditions: prior cesarean

birth, prior low birth weight infant, diabetes, lupus, heart

disease, clotting problems, seizures, kidney disorder, cer-

vical incompetence, or mental health issues. The health

center was an approved CP site, had a dedicated group

space for CP, and had two providers responsible for

delivering CP (one certified nurse-midwife and one phy-

sician) at the time of data collection [17].

We extracted de-identified data from records for all

women who received prenatal care and delivered between

mid-2008 and late-2011 [17]. Gestational weight gain data

were extracted from medical charts for 569 prenatal care

recipients with singleton births, 242 who received CP care

and 327 who did not. Data were collected and managed

using REDCap, a secure, web-based application designed

to support data capture for research studies [18]. All

research activities were conducted in accord with prevail-

ing ethical principles. The retrospective chart review used
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to collect medical record data on background and weight

gain outcomes was part of a contracted evaluation and was

therefore not human subjects research. The current study is

a secondary analysis of the de-identified dataset that was

compiled during that contract evaluation, and thus the

Vanderbilt University Institutional Review Board (IRB)

Committee exempted this secondary analysis from IRB

review because it met criteria set forth in federal regula-

tions at 45 CFR 46.101(b)[4].

Measures

Healthcare providers measured weight and height at the

first and last prenatal care visits. We calculated BMI from

weight (pounds) and height (inches) measurements as

BMI ¼ weightðlbsÞ
heightðinÞ2

� 703:

Total gestational weight gain was calculated as the

difference in weight measurements between the first and

last prenatal care visits, as documented in the medical

charts.

Gestational weight gain was measured with a three-

category variable (1 = low weight gain, 2 = healthy

weight gain, 3 = high weight gain) indicating whether

gestational weight gain was under, within, or over the

range recommended by the IOM [1] and based on pre-

pregnancy BMI and total gestational weight gain.

Prenatal care format was measured with a binary vari-

able (1 = CP group prenatal care; 0 = TC traditional

individual care). Participants who attended at least one CP

prenatal care session were classified as CP participants.

Participants who only attended traditional individual pre-

natal care sessions, and attended no CP sessions, were

classified as TC participants. This approach is conservative

and consistent with the intention-to-treat principle. Many

CP participants attended individually delivered prenatal

care sessions in addition to group sessions (e.g., to discuss

issues requiring more privacy or other issues that could not

be fully addressed during the CP personal assessment

periods). The fact that many CP participants also attended

individual prenatal care sessions does not reflect a con-

tamination or cross-over problem. Rather, this reflects the

fact that CP (as a prenatal care package) primarily involves

group sessions and also includes supplementary individual

sessions on an as-needed basis.

Background demographic and medical history variables

were extracted from medical charts for use as covariates in

the propensity score and final outcome models (statistical

methods described below). The following background

variables were used in the propensity score estimation

models: maternal age, race, Spanish language speaker (i.e.,

multilingual Spanish/English), education level, marital

status, government insurance, current employment, gra-

vidity, height, gestational age and weight at entry into care,

pre-pregnancy BMI, systolic blood pressure, histories of

non-gestational diabetes, depression, drug use, abnormal

Pap smear, pulmonary problems, alcohol use, gynecologi-

cal surgery, hypertension, kidney problems, operations,

blood transfusions, and trauma.

Newborn health outcomes were also collected from

retrospective chart reviews. Preterm delivery was measured

with a binary variable (1 = gestational age \ 37 weeks;

0 = gestational age C 37 weeks). Newborn birth weight

was measured as total birth weight (grams) and scored as a

binary variable for low birth weight (1 = birth weight \
2,500 g; 0 = birth weight C 2,500 g).

Data Analysis

Because the study was retrospective, we could not assign

women randomly to prenatal care conditions. Therefore,

we used propensity scores to create a statistically matched

group of women who received CP versus TC [19, 20].

Propensity score methods attempt to reduce the impact of

selection bias and confounding on estimated causal treat-

ment effects in non-randomized observational studies [19].

Random assignment permits causal inferences because it

ensures that treatment status is independent of baseline

characteristics, whether observed or unobserved. Propen-

sity score methods attempt to permit causal inferences

by matching or balancing groups on baseline characteris-

tics, but can only do so on observed, i.e., measured,

characteristics.

Propensity scores were estimated as the predicted

probability of women participating in CP (versus TC),

based on a logistic regression model that controlled for

background demographic and medical history variables.

Patients were excluded from the final matched sample if

their estimated propensity score fell outside the common

support region where the distributions of the propensity

scores for the two groups overlapped (nCP = 84;

nTC = 92). The restriction to the common support region

was used to ensure conservative estimates of CP effects,

such that CP participants were only compared with TC

participants with similar background characteristics. By

retaining all CP participants who could be matched with

TC participants (or vice versa), we maximized our statis-

tical power to detect effects by maintaining the largest

overall sample size.

The quality of the matching on individual variables

incorporated in the propensity scores was assessed by

examining pre- and post-matching means, standardized

mean differences, and variance ratios [21–24]; results

indicated acceptable covariate balance was achieved (see

Matern Child Health J (2014) 18:1711–1720 1713

123



[17] for standardized mean differences and variance ratios

for all variables). The final matched sample included 393

prenatal care recipients (nCP = 158; nTC = 235) balanced

on background covariates; this balancing permitted a fair

comparison of gestational weight gain across groups.

To address the primary goals of the study, we estimated

the main effects of prenatal care on gestational weight gain

outcomes for the matched sample using weighted multi-

nomial logistic regression models. All analyses used

inverse propensity score weighting, with sampling weights

equal to 1/propensity score for CP participants and 1/(1-

propensity score) for TC participants. The purpose of using

propensity score techniques was to reduce any bias asso-

ciated with observed baseline differences between the CP

and TC groups. To safeguard against any remaining imbal-

ance between groups on key background characteristics,

and for face validity purposes, all outcome analyses addi-

tionally adjusted for maternal age, race, gravidity, and total

number of prenatal care visits attended.

To address the secondary objectives of the study (i.e., to

explore variability in prenatal care format effects), we used

multiplicative interaction terms to examine whether the

effect of CP on gestational weight gain varied according to

[1] pre-pregnancy BMI (healthy, overweight, or obese) and

[2] gestational age at delivery (preterm or term). Finally,

post hoc analyses were used to explore possible adverse

effects of prenatal care format on newborn birth weight.

We used propensity score weighted ordinary least squares

and logistic regression models to examine the effects for

total birth weight and low birth weight outcomes.

To facilitate interpretation of results, we used results

from the multinomial logistic regression models to estimate

predicted probabilities of excessive gestational weight gain

for CP and TC participants, split by pre-pregnancy BMI

category [25]. These predicted probabilities were then

translated into three different effect size metrics, again to

aid interpretation: absolute risk differences, risk ratios, and

the number needed to treat [26]. Absolute risk differences

were calculated as the difference in the risk of excessive

gestational weight gain for the two prenatal care groups.

Risk ratios were calculated as the ratio of risks of excessive

gestational weight gain for the two groups. The number

needed to treat was calculated as the inverse of the absolute

risk difference.

Results

Table 1 presents results from the logistic regression model

that generated the propensity scores used to match the two

groups of participants. After matching, participants were an

average age of 22 years; 76 % were African American,

13 % were Latina, 11 % were White; 88 % were on public

insurance. No women were underweight prior to preg-

nancy, 43 % were a healthy weight prior to pregnancy,

30 % were overweight, and 27 % were obese. Women in

CP prenatal care gained an average of 27.66 pounds during

pregnancy, and women in TC gained an average of 24.96

pounds. Overall, women gained an average of 26 pounds

during pregnancy; 29 % gained less than the recommended

amount of weight during pregnancy, 36 % gained weight

Table 1 Logit coefficients and odds ratios from propensity score

estimation model predicting participation in CP group prenatal care

(n = 569)

Covariate b SE 95 % CI OR

Height at entry .14 .15 (-.16, .43) 1.15

Weight at entry -.02 .03 (-.08, .03) .98

Pre-pregnancy BMI .16 .17 (-.17, .50) 1.17

Maternal age -.03 .03 (-.08, .03) .97

Black, non-Hispanic .13 .33 (-.51, .78) 1.14

Hispanic -.15 .99 (-2.08, 1.79) .86

Primary language:

Spanish

.17 .98 (-1.75, 2.1) 1.19

Single -.19 .28 (-.74, .36) .83

Education .13 .09 (-.04, .30) 1.14

Employed .27 .24 (-.19, .74) 1.31

Public insurance .14 .30 (-.45, .74) 1.15

Gravidity -.21 .08** (-.36, -.07) .81

Gestational age at entry -.06 .02** (-.09, -.02) .94

Systolic blood pressure .00 .01 (-.02, .01) 1.00

Abnormal pap history -.23 .26 (-.73, .28) .79

Alcohol use history .92 .38* (.17, 1.67) 2.51

Blood transfusion history .79 .64 (-.47, 2.05) 2.20

Depression/psychiatric

illness history

-.22 .36 (-.94, .49) .80

Diabetes, non-gestational

history

.08 .77 (-1.43, 1.58) 1.08

Drug use risk history .16 .26 (-.35, .66) 1.17

Pulmonary problems .36 .33 (-.29, 1.01) 1.43

Gynecological surgery

history

.44 .60 (-.73, 1.62) 1.55

Hypertension history -.17 .45 (-1.04, .70) .84

Kidney disease/UTIs

history

.91 .44* (.05, 1.77) 2.48

Operations/

hospitalizations history

.03 .25 (-.46, .51) 1.03

Trauma/violence history -.68 .59 (-1.83, .46) .51

No medical history risk

factors

.12 .24 (-.35, .58) 1.13

Constant -8.25 9.61 (-27.09, 10.59)

b = logit coefficient, SE = standard error of logit coefficient,

OR = odds ratio (exp[b]), BMI = body mass index, UTI = urinary

tract infection. Results are from a logistic regression model predicting

type of prenatal care received (1 = CP, 0 = traditional care)

* p \ .05; ** p \ .01
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within recommended guidelines, and 35 % gained weight

in excess of the IOM recommendations. Table 2 presents

background demographic and medical history characteris-

tics for the two groups before and after the propensity score

matching.

Table 3 presents coefficients and relative risk ratios

from multinomial logistic regression models predicting

low, healthy, or excessive gestational weight gain. Model I

estimated the main effect of CP versus TC on type of

gestational weight gain. Models II–III addressed the

Table 2 Characteristics of unmatched and matched participants, by type of prenatal care

Unmatched sample Matched sample

CP

n = 242

TC

n = 327

CP

n = 158

TC

n = 235

All

n = 393

Gestational weight gain (GWG)

Average GWG, pounds (mean; SD) 25.50 (13.99) 21.32 (14.50) 27.66 (13.34) 24.96 (13.47) 26.05 (13.47)

Low GWG (%) 30.17 44.04 23.42 32.76 29.01

Healthy GWG (%) 33.47 29.36 34.81 36.17 35.62

Excessive GWG (%) 36.36 26.61 41.77 31.06 35.37

Maternal weight background

Weight at entry (mean; SD) 157.92 (37.87) 157.52 (38.96) 157.97 (34.72) 153.91 (37.33) 155.54 (36.31)

Pre-pregnancy BMI (mean; SD) 27.43 (6.16) 27.38 (6.31) 27.39 (5.82) 26.76 (6.01) 27.01 (5.93)

Healthy (%) 39.67 42.51 37.97 46.81 43.26

Overweight (%) 60.33 57.49 32.28 28.09 29.77

Obese (%) 28.93 29.66 29.75 25.11 26.97

Demographic characteristics

Age (mean; SD) 22.16 (5.29) 22.83 (5.64) 22.07 (5.20) 22.59 (5.82) 22.38 (5.58)

Black, non-Hispanic (%) 78.10 75.84 81.01 72.77 76.08

Hispanic (%) 11.98 14.07 10.13 15.74 13.49

Primary language: Spanish (%) 11.57 13.45 10.13 14.47 12.72

Single (%) 82.23 81.65 83.54 81.28 82.19

Education (mean; SD) 3.17 (1.47) 2.87 (1.24) 3.18 (1.43) 2.79 (1.13) 2.95 (1.27)

Employed (%) 26.78 21.77 28.18 21.16 23.99

Public insurance (%) 87.19 85.02 89.24 86.81 87.79

Pregnancy and birth characteristics

Gestational diabetes (%) 2.48 4.59 1.90 4.68 3.56

Gravidity (median; SD) 1 (1.56) 2 (1.77) 1 (1.47) 2 (1.59) 2 (1.56)

Gestational age at entry (mean; SD) 13.66 (4.52) 15.17 (5.50) 13.61 (4.41) 14.93 (5.20) 14.40 (4.93)

Preterm, this pregnancy (%) 8.26 16.82 4.43 8.94 7.12

Total number of prenatal care visits (mean; SD) 17.03 (5.83) 8.38 (4.13) 19.63 (3.95) 9.82 (3.12) 13.76 (5.94)

Medical history characteristics

Abnormal pap (%) 16.53 18.65 17.72 15.74 16.54

Alcohol use (%) 11.16 4.59 8.23 4.26 5.85

Blood transfusion (%) 2.48 1.83 2.53 .85 1.53

Depression/psychiatric illness (%) 7.02 8.56 7.59 8.51 8.14

Diabetes, non-gestational (%) 1.24 1.53 1.27 1.70 1.53

Drug use risk (%) 17.77 15.30 18.99 15.32 16.79

Gynecological surgery (%) 3.31 2.14 2.53 1.28 1.78

Hypertension (%) 4.54 6.42 4.43 5.53 5.09

Kidney disease/UTIs (%) 6.61 3.36 4.43 3.40 3.82

Operations/hospitalizations (%) 22.31 21.10 19.62 17.87 18.58

Pulmonary problems (%) 10.33 7.03 10.76 6.81 8.40

Trauma/violence (%) 2.07 3.98 3.16 5.11 4.33

CP CenteringPregnancy prenatal care, TC traditionally delivered prenatal care, SD standard deviation, n sample size, BMI body mass index, UTI

urinary tract infection
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exploratory aims of the study, and included multiplicative

interaction terms between CP prenatal care receipt and pre-

pregnancy BMI category and gestational age at birth,

respectively. Women in CP were significantly less likely

than participants in TC to have excessive gestational

weight gain, relative to healthy gestational weight gain

(b = -.99, p = .04, 95 % CI [-1.92, -.06], RRR = .37).

Results provided no evidence of differences between CP

and TC groups in the relative risk of low gestational weight

gain versus healthy weight gain (b = .25, p = .60, 95 %

CI [-.67, 1.17], RRR = 1.28). Figure 1 depicts the results

from Model I as predicted probabilities for low, healthy,

and high gestational weight gain. Participants in TC were

less likely to have low or healthy gestational weight gain

compared to CP participants.

There was no evidence that the effect of prenatal care

format on type of gestational weight gain varied according

to gestational age for women who were of a healthy weight

or were overweight before their pregnancy (Table 3).

Women in CP were significantly less likely to have

excessive weight gain compared to women in TC, and the

effect was most pronounced for women who entered into

pregnancy overweight or obese (Fig. 2). Therefore,

although overweight women enrolled in CP prenatal care

were more likely than similar TC participants to have low

gestational weight gain, this difference was primarily

because women in the latter group were most likely to have

excessive gestational weight gain. CP prenatal care had a

relatively equalizing effect on gestational weight gain for

overweight and obese women. In contrast, overweight and

obese women in the TC group were much more likely to

exceed the recommended gestational weight gain guide-

lines. Table 4 presents the various effect size metrics for all

women combined, and then separately based on partici-

pants’ weights before pregnancy.

Overall, post hoc analyses indicated no adverse effects of

low gestational weight gain on newborn birth weight out-

comes. Although CP participants had infants with lower total

birth weights than traditional care participants (b = -247.09,

Table 3 Coefficients and relative risk ratios from multinomial logistic regression models predicting type of gestational weight gain (GWG)

Low GWG versus Healthy GWG High GWG versus Healthy GWG

b SE 95 % CI RRR b SE 95 % CI RRR

Model I: Main effects

CP prenatal care (vs. TC) .25 .47 (-.67, 1.17) 1.28 -.99 .47* (-1.92, -.06) .37

Model II: Pre-pregnancy BMI interaction

CP prenatal care .07 .58 (-1.06, 1.21) 1.08 -1.07 .57� (-2.19, .04) .34

Overweight -.75 .41� (-1.55, .05) .47 1.21 .42** (.39, 2.02) 3.34

Obese -.02 .43 (-.87, .82) .98 1.44 .47** (.51, 2.37) 4.22

CP X overweight 1.16 .69� (-.19, 2.51) 3.20 .20 .63 (-1.05, 1.44) 1.22

CP X obese -.28 .71 (-1.68, 1.12) .76 -.96 .66 (-1.40, 1.21) .91

Model III: Gestational age interaction

CP prenatal care .26 .48 (-.68, 1.20) 1.30 -1.04 .49* (-2.00, -.08) .35

Preterm -.56 .53 (-1.61, .48) .57 -1.47 .72* (-2.87, -.06) .23

CP X preterm .20 1.14 (-2.04, 2.45) 1.23 1.52 1.12 (-.67, 3.72) 4.58

GWG = gestational weight gain, b = logit coefficient, SE = standard error of logit coefficient, RRR = relative risk ratio (exp[b]). Coefficients

are from multinomial logistic regression models predicting type of gestational weight gain (low, healthy, high per 2009 IOM clinical guidelines)

with healthy weight gain as the outcome reference category. All models additionally adjusted for maternal age, race, gravidity, and number of

prenatal care visits attended. All models weighted using weights of 1/propensity score for CP participants and 1/(1-propensity score) for

traditional care participants
� p \ .10; * p \ .05; ** p \ .01

.22

.30

.48

.35

.39

.26
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.3

.4
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P
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di
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bi
lit
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Healthy 
GWG
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Fig. 1 Predicted probabilities of type of gestational weight gain

(GWG), by format of prenatal care. Note. GWG—gestational weight

gain. Predicted probabilities estimated from multinomial logistic

regression models shown in Model I, Table 3
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p = .004, 95 % CI [-415.48, -78.69], B = -.28), results

indicated no significant differences between groups on

the odds of low birth weight (b = -1.30, p = .12, 95 % CI

[-.34, 2.94], OR = 3.67). Overweight CP participants had

infants with lower total birth weights than overweight TC

participants (b = -439.92, p = .02, 95 % CI [-794.01,

-85.82], B = -.43), but total birth weights were still

within healthy ranges for both prenatal care groups (3,197

grams for infants of CP mothers versus 3,327 grams for

infants of TC mothers).

Discussion

This non-randomized study used propensity score matching

to compare gestational weight gain for women in Center-

ingPregnancy (CP) group prenatal care and women enrol-

led in traditional individual care (TC). After controlling for

over 20 relevant background characteristics, women

enrolled in CP prenatal care were significantly less likely

than matched TC participants to gain weight in excess of

the IOM clinical guidelines (predicted probability .26 vs

.48). The effect of prenatal care format on gestational

weight gain did not vary according to gestational age at

delivery, but it did vary by pre-pregnancy BMI. Among

women with healthy pre-pregnancy BMIs, CP prenatal care

was associated with slightly higher probabilities of low

weight gain (predicted probability .39 vs .31) and healthy

weight gain (predicted probability .47 vs .38). Among

overweight women, CP was associated with a significantly

higher probability of low gestational weight gain (predicted

probability .38 vs .12). Notably, regardless of whether

women entered into pregnancy healthy, overweight, or

obese, women enrolled in CP were significantly less likely

to have excessive weight gain, especially those who were

overweight or obese before pregnancy. Additional post hoc

analyses provided no evidence of adverse effects on new-

born health outcomes (total birth weights and low birth

weights).

Evidence suggests that intervening on maternal weight

gain during pregnancy holds promise for interrupting the

intergenerational cycle of the obesity epidemic [27]. It is

believed that adiposity in offspring develops at least in part

during the critical window of development in utero [28].

Consequently, reversing the obesity epidemic must focus

on modulating maternal factors to promote healthy in utero

and post-natal growth. Having a practical, effective, and

sustainable gestational weight gain intervention would

have significant implications for public health. Indeed,

excessive gestational weight gain has been linked to

numerous detrimental health outcomes, including preterm

birth, postpartum weight retention, maternal obesity, and

childhood obesity [8, 29], each of which is associated with

increased healthcare expenditures. Existing behavioral

interventions have had modest success in restricting

excessive gestational weight gain, and few efforts have

been effective enough to increase the probability of women

gaining within their recommended target range [6, 30].

This study compared the effectiveness of two prenatal

care delivery models to reduce excessive gestational

weight gain, using a sample of predominantly African

American women attending a community health center in

the urban South. Compared to women who received tra-

ditional care, the CP group had fewer mothers who

exceeded the recommended gestational weight targets,

especially among those who were overweight or obese

Table 4 Summary of effect sizes indexing comparative effectiveness of two prenatal care models on excessive gestational weight gain, by pre-

pregnancy body mass index (BMI) category

Pre-pregnancy BMI category

All Healthy Overweight Obese

CP TC CP TC CP TC CP TC

Predicted probability

Predicted probability that mother will gain excessive weight during pregnancy. .26 .48 .14 .31 .33 .61 .38 .60

Risk ratio

CP reduced the risk of excessive weight gain during pregnancy

to ____% of what it would have been in the traditional model of prenatal care.

54 45 54 63

Absolute risk difference

CP reduced the risk of excessive weight gain during pregnancy

by ____ percentage points compared to the traditional model of prenatal care.

22 17 28 22

Number needed to treat

You would need to provide ___ women with CP prenatal care (rather than traditional

prenatal care) in order to prevent one case of excessive weight gain during pregnancy

5 6 4 5

CP CenteringPregnancy (group) prenatal care, TC traditional care (individual)
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before pregnancy. The increased probability of overweight

women in CP gaining below their recommended target

ranges did not appear to jeopardize infant weight outcomes.

This finding mirrors the conclusion of an AHRQ review,

wherein strong, consistent evidence was cited of an asso-

ciation between weight gain below the IOM guidelines and

low birth weight, but only for underweight and normal

weight women [8].

African-American women are at increased risk of

entering into pregnancy overweight and gaining additional

weight during their childbearing years [31–34]. These

women are at high-risk for continued excessive weight gain

during each pregnancy. The present study is unique due to

the predominantly African American sample, and demon-

strates that CP group prenatal care was successful in

reducing excessive weight gain during pregnancy in this

population.

Interpretation of these results must be tempered by study

limitations. Patients were not randomly assigned to CP and

TC, but appropriate statistical controls and matching pro-

cedures were used to provide a fair and meaningful com-

parison between the two different prenatal care models.

Another limitation is the reliance on retrospective chart

reviews. Recording errors could have occurred when pro-

viders documented patient height and weight at entry into

prenatal care, gestational weight gain during pregnancy,

and other patient characteristics. However, such errors are

unlikely to vary systematically between CP and TC

patients. Our computation of total gestational weight gain

used maternal weight measured at the last prenatal visit,

not at delivery. Although this measure is often used in the

literature, some women may have been misclassified as

having gained less than they actually did. The reliance on

retrospective data also limited our collection of antepartum

data, which may have been used to estimate the propensity

scores. Consequently, some variables that may have

improved the matching may have been omitted (e.g.,

transportation or work schedules). Finally, although the

predominantly African American sample is a notable

strength of the study, our results may not generalize to

dissimilar populations. Nonetheless, the IOM has made

explicit calls for ‘‘research to aid care providers and

communities in assisting women—especially low-income

and minority women—to meet the new [maternal weight

gain] guidelines’’ (1, p. 3).

Taken together, these data suggest that in populations

similar to the one studied here, CP group prenatal care may

be effective in decreasing the proportion of mothers with

excessive gestational weight gain. As noted in a recent

systematic review [35], however, little research exists that

explores the mechanisms underlying any beneficial effects

associated with group prenatal care. Because our study

relied on a retrospective chart review, we did not collect

process data on delivery of prenatal care, or extensive

antepartum data that might permit empirical examination

of the underlying mechanisms behind any observed effects.

The logic model of CP prenatal care [9] implies that cog-

nitive restructuring may occur during group-delivered

prenatal care sessions, whereby group problem-solving,

social support, peer influence, and increased educational

time may change how expectant mothers think about and

manage their nutrition, diet, and exercise during pregnancy.

These cognitive shifts, along with promotion of healthy

group norms, may then encourage healthy maternal
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GWG—gestational weight gain.
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logistic regression models
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behaviors. We are unaware of any research that has

empirically examined the causal pathways by which CP

may reduce excessive gestational weight gain. Such work

would help inform the development of a structured theo-

retical framework for understanding the beneficial effects

of group prenatal care.
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