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Abstract We examined the effects of CenteringPre-
gnancy group prenatal care versus individually delivered
prenatal care on gestational age, birth weight, and fetal
demise. We conducted a retrospective chart review and
used propensity score matching to form a sample of 6,155
women receiving prenatal care delivered in a group or
individual format at five sites in Tennessee. Compared to
the matched group of women receiving prenatal care in an
individual format, women in CenteringPregnancy group
prenatal care had longer weeks of gestation (b = .35, 95 %
CI [.29, .41]), higher birth weight in grams (b = 28.6,
95 % CI [4.8, 52.3]), lower odds of very low birth weight
(OR = .21, 95 % CI [.06, .70]), and lower odds of fetal
demise (OR = .12, 95 % CI [.02, .92]). Results indicated
no evidence of differences in the odds of preterm birth or
low birth weight for participants in group versus individual
prenatal care. CenteringPregnancy group prenatal care had
statistically and clinically significant beneficial effects on
very low birth weight and fetal demise outcomes relative to
traditional individually delivered prenatal care. Group
prenatal care had statistically significant beneficial effects
on gestational age and birth weight, although the effects
were relatively small in clinical magnitude.
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Introduction

Although rates of infant mortality in the United States have
declined over the last several decades, rates of preterm
birth (birth prior to 37 weeks of gestation) and low birth
weight (less than 2,500 g) have been slowly increasing
over time [1]. Access to and adequate use of quality pre-
natal care is an important correlate of maternal and child
health outcomes, and may therefore help reduce the odds of
infant mortality, preterm birth, and low birth weight [2, 3].
Although some of the known risk factors for preterm birth,
low birth weight, and infant mortality are not themselves
malleable (e.g., history of heart disease), many are (e.g.,
managing hypertension or diabetes), and might therefore be
addressed in prenatal care settings.

Over the past two decades, the utilization of prenatal care
delivered in group formats has increased, particularly the
CenteringPregnancy (CP) model of group prenatal care [4].
The CP model involves groups of 8—12 women in similar
gestational ages meeting with licensed health care providers
for 10 sessions of approximately 90-120 min each. The CP
model is in contrast to more common forms of prenatal care
that are delivered in an individual format where women
attend visits with obstetric providers and have little oppor-
tunity to interact with other pregnant women. The CP group
prenatal care model has been theorized to produce better
birth outcomes than traditional individually delivered pre-
natal care due to increased patient-provider interaction,
increased social support, greater perceived empowerment,
and increased exposure to useful skills and information
about pregnancy, birthing, and childcare.

To date, two randomized control trials have compared
infant mortality, preterm birth, and low birth weight out-
comes for women who received CP versus traditional
individually delivered prenatal care [5, 6]. Neither of these
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trials found differences between CP and traditional care
participants in the odds of fetal demise, total gestational
age, total birth weight, or the odds of low birth weight. One
of those trials [6], which included 322 women at two
military settings, found no evidence that the odds of pre-
term birth were different for women in CP versus indi-
vidually delivered prenatal care. However, the other
randomized trial, a multi-site study of 993 women [5, 7],
found that the odds of preterm birth were significantly
lower among women in CP than those participants in
individually delivered prenatal care. Several other non-
randomized studies with relatively small sample sizes (less
than 400 CP participants) have compared birth outcomes
for women in CP versus individually delivered prenatal
care, with varying results [8—14]. For example, findings
from the largest matched multisite study (N = 458) indi-
cated that CP participants had significantly higher birth
weight than participants in traditional prenatal care, but
found no significant differences in preterm birth, low birth
weight, very low birth weight, or neonatal deaths [10].

Given the limited and inconsistent findings to date [15],
the objective of this study was to provide further evidence
on this matter by examining the effects of group-delivered
(CP) versus traditional individually delivered prenatal care
on gestational age, birth weight, and fetal demise outcomes
among women receiving prenatal care at five sites in
Tennessee. Prior studies have been limited by relatively
small sample sizes; this study contributes to the literature
with one of the largest samples of CP participants to date,
which permits exploration of rare adverse birth outcomes.
This study also addresses a major limitation of prior non-
randomized studies by using statistical matching proce-
dures to ensure the equivalence of groups of women
receiving different formats of prenatal care on a wide range
of baseline characteristics.

Methods
Sample

The sample included obstetric patients who received pre-
natal care at one of five sites that offered both individual
and group prenatal care between 2008 and 2011. All five
sites received grants from the Tennessee Governor’s Office
of Children’s Care Coordination (later from the Tennessee
Department of Health) to implement CP, and agreed to
participate in an evaluation as part of their grant require-
ments. Two sites were affiliated with OB/GYN depart-
ments in large metropolitan hospitals (A, D); one was a
community health center affiliated with a large metropol-
itan hospital (E); one was an independent faith-based
community health center in a metropolitan area (B); and
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one was an independent rural birthing center (C). Although
the sites were diverse in terms of client populations, set-
ting, and specific content, all had a dedicated group space
for CP at their facility, and all had at least two providers
responsible for delivering CP (primarily CNM, MD, LPN,
APN, and doulas) [16]. Four of the sites were approved as
Centering sites by the Centering Healthcare Institute, and
one was working toward approval. Although enrollment
procedures varied across sites, most invited women to
participate in CP at their first prenatal appointment unless
they were deemed high risk due to prior medical conditions
(see [16] for more details).

At each site, staff conducted a retrospective chart review
to extract de-identified data from medical records for all
women who had received prenatal care and delivered
sometime between the month in which CP started at that
site (generally mid-2008) and late-2011. De-identified
electronic medical record data were extracted at two of the
sites. For the other three sites, de-identified data were
collected and managed using REDCap, a secure, web-
based application designed to support data capture for
research hosted at Vanderbilt University through the
Vanderbilt Institute for Clinical and Translational Research
(grant support 1 UL1 RR024975 from NCRR/NIH) [17].
The retrospective chart review used to collect medical
record data on background and childbirth outcomes was
part of a contracted evaluation and was not human subjects
research. The current study is a secondary analysis of the
de-identified dataset that was compiled during that contract
evaluation, and was approved by the IRB at Vanderbilt
University and conducted in accord with prevailing ethical
principles.

Medical record data were extracted for 818 CP and
6,258 traditional prenatal care recipients across the five
sites  (nsie 4 = 5,494, ngire p = 726; ngye ¢ = 561;
Nsie p = 197; nsie £ = 98). Because the sample was based
on retrospective records, we could not randomly assign
women to prenatal care conditions. Therefore, we used
propensity scores to create a statistically matched group of
women who received CP versus traditional prenatal care at
each of the five sites [18, 19]. Propensity score matching
attempts to reduce the impact of selection bias and con-
founding on estimated causal treatment effects in non-
randomized observational studies [18]. Random assign-
ment permits causal inferences because it ensures that
treatment status is independent of baseline characteristics
of participants, whether observed or unobserved. Propen-
sity score methods attempt to achieve that result in non-
randomized studies by matching or balancing groups on
baseline characteristics, with the limitation that it can only
do so on observed, i.e., measured, characteristics.

The data available from the medical records varied
somewhat across sites, but in all sites the propensity scores
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were estimated using variables representing demographic
characteristics, pregnancy and childbirth history, and risk
factors for adverse pregnancy outcomes, e.g., age, race,
insurance status, weight at entry, gestational age at entry,
gravidity, parity, obesity history, hypertension history,
substance use history. The particular variables included in
the propensity score estimation models, therefore, also
varied across sites, depending on availability in medical
charts (see [16] for a complete list of variables used for
matching at each site). Candidate variables for inclusion in
the propensity scores that were missing data for more than
20 % of the cases at a site were not retained for further
analysis; for those cases with fewer than 20 % missing, we
imputed the missing values using an expectation—-maximi-
zation algorithm [20]. Patients with rare medical conditions
who could not be matched with another participant at the
same site were excluded (ngy, 4 = 114; ng =22
Nsie ¢ = 30; ngize p = 40; ngy £ = 0). Patients who attended
fewer than five prenatal care sessions (CP or traditional) over
the course of the pregnancy were also excluded (ngy, 4 = 0;
Nsie B = 254; Nsire ¢ = 24; Nsire p = 5 Nsire £ = 9)."
Propensity scores were estimated separately at each site
using a logistic regression model predicting the probability
of patients participating in CP (versus traditional) prenatal
care, conditional on demographic, medical, pregnancy, and
childbirth histories. Patients were excluded if their esti-
mated propensity scores fell outside the common support
region where the two groups’ distributions overlapped
(sie 4 =19, ngwe =25, ngpe ¢=315; ng p=43;
nsie £ = 21), which ensured similarity in the propensity
score distributions across the two groups.” We then used a
many-to-many matching procedure so that any CP patient

' This exclusion criterion was used to ensure conservative estimates
of effects, such that results would not be biased due to poor birth
outcomes among women who did not receive adequate levels of
prenatal care over the course of pregnancy. Indeed, at Site B where
this exclusion resulted in the loss of 254 cases, CP participants were
significantly less likely than traditional care participants to attend
fewer than five prenatal care sessions (3> = 7.09, p = .01). Retaining
these cases in the analysis sample yielded statistically significant
beneficial effects of CP—an effect partly due to bias associated with
inadequate prenatal care receipt among traditional care patients. Thus,
we used this exclusion criterion to ensure a conservative effect of CP
prenatal care on birth outcomes.

2 Again, the restriction to the common support region was used to ensure
conservative estimates of CP effects on birth outcomes, such that CP
participants were only compared with traditional care participants with
similar background characteristics. Despite the large number of partic-
ipants dropped at Site C due to propensity score estimates falling outside
the common support region, sensitivity analyses (available upon request
from the authors) at Site C indicate that all results were substantively
unchanged when those 315 participants were retained in the sample.
Nonetheless, for all analyses we excluded participants with propensity
scores outside the common support region to be consistent with standard
propensity score methods and to ensure comparability in the CP and
traditional care patients being compared [18].

who could be statistically matched with a comparable
traditional prenatal care patient (and vice versa) was
retained in the matched sample [18].> The quality of the
matching on the individual variables incorporated in the
propensity scores was assessed by examining pre- and post-
matching means, standardized mean differences, and vari-
ance ratios [21, 22] and showed that acceptable covariate
balance was achieved at all sites (see [16] for standardized
mean differences and variance ratios for all variables by
site). The final matched sample included 651 patients who
received CP group care and 5,504 patients who received
traditional individually delivered prenatal care.

Measures

Primary outcome data were extracted during the medical
chart reviews. Gestational age was measured in weeks, and
preterm birth was measured with a binary variable indi-
cating whether gestational age at birth was less than
37 weeks (1 = yes; 0 = no). Birth weight was measured in
grams; low birth weight was measured with a binary var-
iable indicating whether birth weight was less than 2,500 g
(1 = yes; 0 = no); very low birth weight was measured
with a binary variable indicating whether birth weight was
less than 1,500 g (1 = yes; 0 = no). Fetal demise data
were available at only four sites; this outcome was mea-
sured with a binary variable (1 = yes; 0 = no). Missing
data were not imputed for any outcome variables; cases
without valid delivery data were not included within a
given outcome analysis.

Data Analysis

Program effects at each site were estimated using weighted
ordinary least squares (for continuous outcomes) and
weighted logistic regression models (for binary out-
comes).* To increase the total sample size and hence sta-
tistical power, we also estimated aggregate models that
combined findings across all sites. The combined analyses
across sites used multilevel mixed effects linear and
logistic regression models that accounted for clustering
within sites. The propensity scores were incorporated into
the analyses in the form of a weighting function with

3 A many-to-many matching procedure was used given that several
of the birth outcomes of interest were rare events and thus particularly
difficult to detect in small samples. We therefore aimed to maintain
the largest overall sample size possible to maximize statistical power
to detect effects for these rare birth outcomes, while simultaneously
ensuring that the CP and traditional prenatal care patients that were
compared were equivalent in terms of background characteristics.

* We include the site-specific models given that some readers may be
interested in the effects of CP at sites with particular client profiles/
characteristics.
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weights equal to 1/propensity score for CP participants and
1/(1-propensity score) for traditional prenatal care partici-
pants [18, 21, 23, 24]. The purpose of the propensity score
matching and weighting procedures was to reduce any bias
in the effect estimates associated with differences between
the CP and traditional care groups on the covariates
included in the propensity score models. To safeguard
against any remaining imbalance between groups on key
background characteristics, and for face validity purposes,
all outcome analyses additionally included age, race, and
gravidity as individual covariates.’

Results

Table 1 presents descriptive statistics on key background
characteristics for the original unmatched sample of 818
CP patients and 6,258 traditional prenatal care patients,
split by site. The propensity score matching procedure
helped minimize the differences in background character-
istics between the two groups, as shown in Table 2 for the
final matched sample of 651 CP patients and 5,504 tradi-
tional patients. Table 3 shows the differences in the con-
tinuously measured birth outcomes (gestational age, birth
weight) for women enrolled in CP versus traditional pre-
natal care at each site separately and for all five sites
combined. Results indicated that women in CP prenatal
care had significantly higher gestational ages than women
in traditional prenatal care at Site A (b = .35, 95 % CI
[.11,.59]), Site B (b = .65,95 % CI[.12, 1.17]), and Site E
(b =.77,95 % CI [.08, 1.46]). At Site D women in CP had
gestational ages almost one week shorter than women in
traditional prenatal care, but this difference was not sta-
tistically significant (b = -.78, 95 % CI [—1.58, .03]). In
the combined results across all five sites, women in CP had
significantly longer gestational ages than women in tradi-
tional care—approximately one-third of a week longer
(b = .35, 95 % CI [.29, .41]). Although favoring CP, this
statistically significant overall effect has relatively little
clinical significance.

To further explore the potential clinical relevance of this
effect, we conducted post hoc analyses examining the effect
of CP prenatal care on gestational age only for those women
who experienced adverse birth outcomes during the current
pregnancy—i.e., preterm birth or low-birth weight. Results
indicated a statistically and clinically significant effect of CP

> Sensitivity analyses (available from authors) that adjusted for the
propensity score and did not include the additional covariates of age,
race, and gravidity yielded almost identical substantive and statistical
results. These additional covariate controls were retained in all
analyses, however, for face validity purposes, particularly given the
race differences between CP and traditional prenatal care clients that
persisted even after matching (see Table 2).
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on gestational age for those participants with preterm births
(b = 2.56,95 % CI[2.44,2.68]), and with low birth weights
(b=224, 95 % CI [1.90, 2.59]).6 These effects were
equivalent to two-week longer gestational ages for CP par-
ticipants with preterm birth or low-birth weight.

Analysis of total birth weight indicated no significant
differences between CP and traditional care patients at any
individual site.” However, combined results across all sites
indicated significantly higher birth weights for women in
CP, almost 30 g average difference between the groups
(b = 28.6,95 % CI [4.8, 52.3]). Given the relatively small
clinical magnitude of this effect, we again conducted
exploratory post hoc analyses focusing on women with
preterm births or low birth weight newborns. Results
indicated a statistically and clinically significant effect of
CP on birth weight for women with preterm births
(b = 368.1, 95 % CI [278, 458.3]) or low birth weights
(b = 339.5, 95 % CI [284, 395]), equivalent to over 300
additional grams of birth weight for CP participants who
experienced these adverse birth outcomes (see Table 3).8

Despite the observed differences in total gestational age,
Table 4 indicates minimal differences between CP and
traditional care patients in the odds of preterm birth. Pre-
term birth rates were higher among CP patients at some
sites and higher among traditional care patients at other
sites—but most of those differences were not statistically
significant. The odds of preterm birth were significantly
lower for CP participants at Site E, however, where all 6
preterm births were among women enrolled in traditional
prenatal care (Fisher’s exact test p = .02). The combined

S The beneficial effect of CP on gestational age was indeed signif-
icantly larger for women with preterm births, as evidenced by a
significant multiplicative interaction term in a model including all
participants (bcp = .03, 95% CI = [-.01, .08]; byrererm = —6.86,
95% CI = [-7.10, —6.611; bcpxpreterm = 2.54, 95% CI = [2.38,
2.71]). The beneficial effect of CP on gestational age was significantly
larger for women with low birth weight births, as evidenced by a
significant multiplicative interaction term in a model including all
participants (bcp = .00, 95% CI = [—.17, 18]; biow pirth weight =
—5.97, 95% CI = [—6.66, —5.271; bepxiow birth weight = 2.37, 95%
CI = [2.07, 2.68]).

7 Note that confidence intervals for birth weight outcomes are wide
because birth weight was measured in grams, and due to the
imprecision in point estimates at sites with the smallest sample sizes.

8 Again, the beneficial effect of CP on birth weight was significantly
larger for women with preterm births, as evidenced by a significant
multiplicative interaction term in a model including all participants
(bep = —16.7,95% CI = [—34.9, 1.5]; byrererm = —1,307,95% CI =
[—1,437, —=1,177]; bepxprererm = 372, 95% CI = [275, 469]). The
beneficial effect of CP on birth weight was also significantly larger for
women with low birth weight births, as evidenced by a significant
multiplicative interaction term in a model including all participants
(bep = —29.8, 95% CI = [—39.0, —20.71; biow pirtn weight = —1,566,
95% CI = [—1,648, —1,484]; bepxiow birth weight = 317, 95% Cl =
[345, 409]).



Matern Child Health J (2014) 18:801-809 805
Table 1 Demographic profiles of unmatched prenatal care participants, by site and prenatal care format
Site A Site B Site C Site D Site E
CP TC CP TC CP TC CP TC CP TC
Participant characteristics
Age, mean (SD) 249 27.4 222 232 25.7 24.8 24.4 27.8 242 23.3
5.7 (5.9) (5.2) 5.7 (5.5) 5.7 (5.8) (6.0) (5.3) (5.9)
White (%) 429 50.8 9.5 11.2 51.7 57.3 17.9 24.6 29.2 10.0
Black or African American (%) 40.4 24.0 77.5 74.2 1.1 1.3 68.7 38.3 60.4 76.0
Hispanic (%) 133 9.8 11.9 11.6 473 39.0 134 36.9 8.3 8.0
Single (%) 62.2 38.8 81.8 82.5 9.9 17.7 80.6 69.3 70.8 89.9
Government insurance (%) n/a n/a 87.0 83.7 80.2 79.0 84.7 88.7 93.8 98.0
Gravidity, median (SD) 2(15 20 1(1.6) 2(1.8) 214 2@16) 2(16) 322 2.8 2.9
History of hypertension (%) 4.8 2.7 44 7.6 1.1 0 1.5 11.5 18.8 16.0
History of non-gestational 3.7 6.8 1.2 2.8 0 2 7.5 17.9 4.2 8.0
diabetes (%)
History of obesity (%) 18.3 139 28.9 33.6 17.6 16.5 20.9 33.1 n/a n/a
History of tobacco use (%) 9.8 11.2 13.0 142 15.4 19.8 26.9 239 14.6 12.0
History of alcohol or substance .8 22 249 20.3 55 9.8 9.0 10.8 4.2 10.0
use (%)
Number of prenatal care visits, n/a n/a 10.8 6.6 14.2 12.1 12.0 11.7 53 10.3
mean (SD)
Outcomes
Gestational age (weeks), 389 38.5 39.0 37.0 39.1 38.8 38.5 38.5 39.1 38.3
mean (SD) (2.3) 3.1 (2.5) (7.2) (1.4) (3.5) (1.8) (1.9) (1.2) (1.5)
Birth weight (g), mean (SD) 3,229 3,211 3,137 3,133 3,348 3,358 3,073 3,110 3,020 3,013
(574) (694) (586) (674) (452) (565) (473) (571) (402) (539)
Preterm birth (%) 12.8 12.8 8.3 14.6 5.5 4.5 9.8 16.4 2.1 12.0
Low birth weight (%) 8.3 10.8 10.3 7.6 6.6 45 12.2 159 6.3 12.0
Very low birth weight (%) 1.2 29 2.4 2.5 0 1.1 0 1.1 0 0
Fetal demise (%) 0 1.4 1.6 6.3 0 9 n/a n/a 0 0
n 359 5,135 253 473 91 470 67 130 48 50

CP CenteringPregnancy prenatal care, 7C traditionally delivered prenatal care, SD standard deviation, n sample size

results across all five sites nonetheless indicated no sig-
nificant difference in the odds of preterm birth for women
in CP versus traditional prenatal care.

Results indicated no significant differences between CP
and traditional care patients in the odds of low birth weight
at the individual sites (see Table 4). However, combined
results across sites indicated significantly lower odds of
very low birth weight babies for CP patients than tradi-
tional care patients (OR = .21, 95 % CI [.06, .70]).
Holding age, race/ethnicity, and gravidity constant, this
effect is equivalent to a prevalence of .08 % very low birth
weight babies among CP participants versus .30 % among
traditional care participants. This finding was largely dri-
ven by the results at Site A where the odds of a woman in
CP having a very low birth weight baby were notably lower
than the odds for a woman in traditional prenatal care
(OR = .14, 95 % CI [.04, .43]).

As shown in the last section of Table 4, fetal demise was
rare and only occurred at the two largest sites (A & B). At

Site A, all 68 instances of fetal demise occurred for women
in traditional prenatal care (Fisher’s exact test p = .02).
The incidence of fetal demise was lower for CP partici-
pants at Site B, but the difference was not statistically
significant. The combined analysis showed that overall CP
participants had significantly lower odds of fetal demise
than their matched counterparts in traditional prenatal care
(OR = .12, 95 % CI [.02, .92]). Controlling for the
covariates, this effect is equivalent to a .17 % prevalence of
fetal demise among CP participants versus 1.32 % preva-
lence among traditional prenatal care participants.

Discussion
This study compared birth outcomes for women who
received two different forms of prenatal care at five sites in

Tennessee. Results indicated that women in CenteringPre-
gnancy (CP) group prenatal care, compared to women in
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Table 2 Demographic profiles of statistically matched prenatal care participants, by site and prenatal care format

Site A Site B Site C Site D Site E
CP TC CP TC CP TC CP TC CP TC
Participant characteristics
Age, mean (SD) 24.7 27.0 22.2 22.6 249 23.8 25.2 27.0 244 22.3
(5.5) (5.5) (5.3) (5.7) (5.3) (5.8) (6.2) (6.1) (5.6) (5.2)
White (%) 42.5 50.9 9.1 8.9 63.6 82.5 18.9 19.4 17.9 12.5
Black or African American (%) 40.8 24.2 80.0 72.7 1.5 1.6 59.5 444 67.9 72.5
Hispanic (%) 13.1 9.7 10.3 154 349 12.7 21.6 36.1 10.7 7.5
Single (%) 62.4 39.5 83.6 81.2 12.1 21.6 75.7 69.9 75.0 87.3
Government insurance (%) n/a n/a 89.7 87.3 74.2 69.1 78.4 91.6 96.4 97.5
Gravidity, median (SD) 2(1.5) 2(1.6) 1(1.5) 27 2(1.3) 1(16) 2014 223 207 29
History of hypertension (%) 4.6 25 4.2 5.8 0 0 0 6.9 10.7 12.5
History of non-gestational 3.7 6.4 1.2 1.5 0 0 9.4 10.2 3.6 7.5
diabetes (%)
History of obesity (%) 18.5 13.9 29.7 26.5 16.7 13.5 21.6 333 n/a n/a
History of tobacco use (%) 9.6 11.3 10.9 10.8 16.7 18.3 13.5 15.3 14.3 15.0
History of alcohol or substance .9 22 26.1 16.9 6.1 6.4 8.1 6.9 7.1 12.5
use (%)
Number of prenatal care visits, n/a n/a 12.4 9.5 14.3 14.2 12.2 11.7 6.1 10.7
mean (SD)
Outcomes
Gestational age (weeks), 38.9 38.5 394 38.9 39.1 39.1 38.6 39.1 394 (9) 384
mean (SD) 2.1 3.1) 1.4) 3.2) 1.4) 3.0) (1.8) (1.5) (1.5)
Birth weight (g), mean (SD) 3,237 3,210 3214 3,249 3,331 3,335 3,030 3,236 3,045 3,021
(550) (695) 451) (478) (415) (503) 451) (533) 401) (561)
Preterm birth (%) 12.4 12.9 4.9 8.5 7.6 32 10.3 7.0 12.5
Low birth weight (%) 8.1 10.9 6.7 5.0 6.1 24 11.1 14.0 7.1 12.5
Very low birth weight (%) 9 3.0 0 0 0 8 0 0 0 0
Fetal demise (%) 0 1.4 .6 .8 0 0 n/a n/a 0 0
n 355 5,006 165 260 66 126 37 72 28 40

CP CenteringPregnancy prenatal care, 7C traditionally delivered prenatal care, SD standard deviation, n sample size

Table 3 Unstandardized regression coefficients and confidence intervals indexing differences in gestational age and birth weight for CP and
traditional prenatal care participants

Gestational age (weeks)

Birth weight (g)

b

95 % CI n b 95 % CI n
Site A 35 (.11, .59) 5,327 384 (—31, 107) 4,907
Site B .65°% (.12, 1.17) 404 —50.4 (—160, 60) 398
Site C .05 (—.64, .74) 183 6.2 (—131, 144) 188
Site D —.78 (—1.58, .03) 100 —185 (—460, 91) 70
Site E Nk (.08, 1.46) 50 —35.2 (—369, 299) 50
All sites, all participants 35k (.29, 41) 6,064 28.6% (5, 52) 5,613
All sites, preterm births only 2.56% (2.44, 2.68) 735 368. 1% (278, 458) 620
All sites, low birth weight only 22454k (1.90, 2.59) 560 339 5ok (284, 395) 571

b = unstandardized regression coefficients for CP versus traditional prenatal care format from propensity score weighted ordinary least squares
regression models that also controlled for age, race/ethnicity, and gravidity. Models pooled across sites were estimated with propensity score
weighted multilevel linear mixed models that accounted for clustering within site

w5 p < 001, %% p < 01, * p < .05
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Table 4 Odds ratios and confidence intervals indexing differences in birth outcomes for CP and traditional prenatal care participants

Preterm birth Low birth weight Very low birth weight Fetal demise

OR 95 % CI n OR 95 % CI OR 95 % CI n OR 95 % CI n
Site A 1.02 (.69, 1.51) 5,327 76 (47, 1.23) 4,907  14%FF (04, .43) 4907 NE* 5,223
Site B .58 (.24, 1.42) 425  1.81 (.69, 4.69) 425 - 425 .36 (.02, 5.30) 425
Site C 3.04 (.66, 13.96) 192 439 (.58, 33.17) 192 NE 192 NE 191
Site D 126 (.22,7.37) 100 1.31  (.23,7.49) 70 NE 70 NE 68
Site E NE* 68 1.19 (.19, 7.60) 68 NE 68 - 0
All Sites .83 (.61, 1.12) 6,112 80 (.57, 1.11) 5,662  21% (.06,.70) 5,662  .12% (.02, .92) 5,907

OR = exponentiated logit coefficient for CP versus traditional prenatal care from propensity score weighted logistic regression models that
controlled for age, race/ethnicity, and gravidity. Models pooled across sites were estimated with multilevel logistic regression models that
accounted for clustering within site and adjusted for propensity scores. NE—multivariate estimates of differences were not estimable due to

small cell sizes, statistical significance tested with Fisher’s exact tests

**% p <001, ¥ p < .05

traditional individually delivered prenatal care, had signifi-
cantly longer gestational ages and higher overall birth
weights. The significant effects of CP on gestational age and
birth weight were relatively small in clinical terms, equiva-
lent to an additional one-third of a week in gestation and 29 g
in birth weight. However, post hoc exploratory analyses
revealed that the significant beneficial effect of CP on ges-
tational age was stronger for participants who delivered
preterm, such that CP was associated with 2.56 weeks longer
gestational age—a substantial and clinically significant
effect. Similarly, despite the relatively small beneficial effect
of CP on total birth weight, this effect was more pronounced
in low-birth weight infants, with CP being associated with
368 g of birth weight higher than traditional care. Results
also indicated that CP was associated with significantly and
substantially lower odds of very low birth weight and fetal
demise, but findings provided no evidence of differences
between the CP and traditional prenatal care participants in
the odds of preterm birth or low birth weight. Further, at none
of the sites did CP participants have consistently worse birth
outcomes than their matched counterparts in traditional
prenatal care. Thus, results indicated largely beneficial
effects of CP prenatal care on women’s birth outcomes at
these five Tennessee sites.

This study’s finding of a non-significant effect of CP on
low birth weight was consistent with previous research [5,
6, 10, 11, 14]. However, contrary to prior randomized
controlled trials [5, 6], we found significant differences in
total gestational age and birth weight; and, unlike three
previous studies, we did not find a beneficial effect of CP
on the odds of preterm birth [5, 13, 14]. The discrepant
findings from the current study could be due to inadequate
matching procedures, but could be associated with other
factors such as higher statistical power (i.e., because of the
large sample size), variation in participant populations,
implementation procedures, or simply sampling error.

When interpreting these findings, we must acknowledge
the study’s strengths and weaknesses. The primary
strengths of the study were the large aggregate sample size
across sites and the use of rigorous statistical matching
procedures to create groups of women enrolled in CP or
traditional prenatal care that were equivalent on a wide
range of relevant baseline characteristics. The large sample
size permitted examination of very low birth weight and
fetal demise—outcomes often unobserved in smaller
studies [5, 6]. The primary weakness of the study was the
lack of random assignment. Although we used propensity
scores to balance participants on many relevant baseline
characteristics, we have no assurance that all potentially
biasing variables have been included. Reliance on retro-
spective chart reviews inherently limited the availability of
variables for use in the propensity score estimation,
meaning that some variables that may have improved the
balancing were omitted (e.g., transportation, work sched-
ules, history of periodontal disease).

Furthermore, enrollment procedures used at most sites
dictated that women were only able to enroll in CP if they
were not deemed at “high risk” for adverse pregnancy
outcomes. Although different sites used different defini-
tions of high risk that would disallow CP participation,
common exclusions were histories of preterm birth, low
birth weight, cesarean births, diabetes, lupus, heart disease,
or other prior medical conditions. Because the propensity
score methods necessitated the exclusion of participants
that could not be matched to equivalent participants
receiving a different format of prenatal care, prenatal care
participants with high medical risk were not well repre-
sented in this study and results should not be generalized to
such populations. We did, however, conduct exploratory
sensitivity analyses (not shown here) of the effects of CP
on birth outcomes for women with different levels of
medical risk. The results indicated that at the largest site
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(A), the beneficial effects of CP on birth outcomes were
slightly larger for women with more medical risk factors
[16]. These findings are, at best, only suggestive, particu-
larly because they were not observed at any of the other
sites. They do, however, indicate that the relatively
favorable effects found for CP are unlikely to have resulted
from inadvertent inclusion of more high-risk cases in the
traditional care sample through inadequate matching.

Findings from the current study therefore add to the
accumulating evidence of beneficial effects of CP group
prenatal care, even among participants with preterm or
low-birth weight outcomes. Despite these promising find-
ings, and as noted in a recent systematic review [25],
limited research exists on the underlying mechanisms
behind these effects. Because we could not collect process
data on how prenatal care was delivered at each site, and
due to limited antepartum data related to maternal behav-
iors, we were unable to examine the mechanisms by which
CP yields beneficial effects on birth outcomes. The logic
model of CP prenatal care suggests that the personalized
care, participatory feedback, and social support involved in
CP may yield beneficial maternal and infant effects, but
how those mechanisms actually operate is unclear. For
instance, personalized care may improve adherence to care
and promote healthy group norms that lead to maternal
lifestyle changes (e.g., improved diet, exercise, smoking
cessation, abstinence from alcohol/drugs, healthy gesta-
tional weight gain), which may in turn lead to longer
gestational ages and higher birth weight. Increased social
support may also improve mental and physical health,
particularly among women under stress [4, 26, 27].
Although we are unaware of any research that has explic-
itly examined the causal pathways by which CP may lead
to improved birth outcomes, prior studies have indicated
that women in CP have higher levels of satisfaction with
prenatal care, better knowledge about pregnancy and infant
care, and receive more adequate prenatal care than women
in traditional individually delivered care—all factors that
might contribute to the beneficial effects observed in the
current study [5, 8, 28, 29]. More research is therefore
needed to examine causal pathways to identify the mech-
anisms by which CP may affect infant and maternal health
outcomes; such knowledge could be used to identify key
kernels or components of care that might be adopted in
other prenatal care settings.

Health policy reforms aimed at reducing adverse birth
outcomes may consider group prenatal care a promising
alternative format for delivering prenatal care. Widespread
adoption in clinical settings may be premature, however,
until more research has examined why group prenatal care
may have beneficial effects, for what client populations
those effects are strongest/weakest, and the cost and cost-
effectiveness of different formats of prenatal care. Whereas

@ Springer

some studies have found that delivering prenatal care in
group versus individual formats is cost neutral [5], others
have suggested that group care may offer financial
advantages in larger facilities with adequate patient vol-
umes, but may not be cost effective and may adversely
affect productivity in small, rural facilities [30]. Thus,
more research is needed to examine the costs associated
with different prenatal care delivery models across diverse
healthcare settings, and subsequent implications for pro-
posed health policy reforms. Given the accumulating evi-
dence of beneficial effects of CP group prenatal care,
understanding the mechanisms behind such effects and the
cost implications of widespread implementation will be
critical for informing state and local health policies aimed
at improving maternal and perinatal health outcomes.
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