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ABSTRACT
Objective: To estimate associations between Wisconsin Medicaid's Prenatal Care Coordination (PNCC) program and infant 
mortality.
Data Sources and Study Setting: We analyzed birth records, Medicaid claims, and infant death records for all resident and 
in-state Medicaid-paid live deliveries during 2010–2018.
Study Design: We measured PNCC exposure during pregnancy dichotomously (none; any) and categorically (none; assessment/
care plan only; service receipt). Our outcome was infant mortality (death at age < 365 days). Adjusted binary logit regressions 
and propensity score weighted regressions tested associations between PNCC receipt and infant mortality, and we estimated 
probabilities and average marginal effects of infant mortality. We also executed regressions with interactions on maternal race/
ethnicity to determine if associations varied across Black non-Hispanic (NH), Hispanic, and White NH births.
Data Collection/Extraction Methods: Our sample consisted of 231,540 Medicaid-paid births during 2010–2018. PNCC is only 
available to pregnant Medicaid beneficiaries.
Principal Findings: Infant mortality was lower among PNCC assessment/care plan only births (5.0 deaths/1000 births) and 
PNCC service receipt births (6.1 deaths/1000 births) relative to non-PNCC births (6.8 deaths/1000 births). This pattern was con-
sistent in Black NH and Hispanic subgroups, but infant mortality did not vary by PNCC among White NH deliveries. Overall, 
adjusted binary logit regressions indicated that the probabilities of infant mortality were 0.70% for no PNCC and 0.53% for any 
PNCC, yielding an average marginal effect of −0.17 percentage points (95% confidence interval −0.22 percentage points, −0.11 
percentage points). This association did not vary by PNCC exposure level. PNCC-infant mortality associations were significantly 
stronger for Black NH births relative to White NH births. Results were consistent in propensity score weighted regressions.
Conclusions: PNCC during pregnancy is associated with a lower probability of infant mortality, particularly in Black NH fami-
lies. The benefit of PNCC on infant mortality may not depend on receiving services beyond care planning.
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1   |   Introduction

Infant mortality (death < 365 days post-birth) is a critical public 
health problem in the United States [1]. In 2022, the national 
infant mortality rate (IMR) was 5.6 deaths per 1000 births, rep-
resenting > 20,500 deaths [2]. There are also substantial racial 
disparities in infant mortality. The 2022 IMR was greatest for 
Black non-Hispanic (NH) infants at 10.9 per 1000 births—more 
than double that of White NH infants (4.5 per 1000 births)—
and the Black–White disparity in infant mortality has persisted 
for nearly a century [2, 3]. Further, the IMR for American 
Indian/Alaska Native NH and Pacific Islander NH infants also 
exceeds the national average [2]. Infant mortality has declined 
steadily in the United States by 19% since 2005 and by nearly 
half since 1990 [4, 5]. Nonetheless, the United States has the 
greatest incidence of infant mortality among high-income na-
tions globally [6]. Thus, preventing infant mortality remains a 
national priority.

There are two oft-cited explanations for sharp infant mortal-
ity reductions over the past 35 years: technological and qual-
ity advancements in neonatal intensive care unit services for 
preterm or low birth weight infants [7–9] (notably, the wide-
spread adoption of surfactant to treat respiratory distress 
syndrome [7, 10, 11]); and Medicaid expansion for pregnant 
beneficiaries and infants [12–15]. Federal reforms in the late 
1980s broadened eligibility and services for pregnancy-related 
care to prevent adverse birth outcomes and, thusly, infant mor-
tality. A 1996 study found that Medicaid expansion during this 
period reduced infant mortality incidence, particularly among 
the lowest-income populations [16]. Subsequent research found 
that Medicaid expansion following the 2010 Patient Protection 
and Affordable Care Act—which broadened prenatal and 

reproductive healthcare coverage—was associated with de-
clining infant mortality among Black NH and Hispanic infants 
[17, 18].

While evidence suggests that Medicaid coverage and service ex-
pansion reduced infant mortality, it is less certain whether spe-
cific Medicaid benefits and programs impacted infant mortality. 
One advent of federal Medicaid expansion in the late 1980s in-
cluded the widespread implementation of state-administered 
and Medicaid-funded obstetric care coordination programs 
[19, 20]. Obstetric care coordination supplements prenatal care 
with tailored services that target behavioral and social risk fac-
tors of adverse birth outcomes [21, 22]. Nearly four decades of 
scholarship suggests that obstetric care coordination prevents 
both low birth weight and preterm birth [23–29], which are 
leading causes of infant mortality [4, 30]. Consequently, receipt 
of obstetric care coordination services may also improve infant 
survival.

To date, there are only two published studies on Medicaid ob-
stetric care coordination and infant mortality, and both evalu-
ated Michigan's Maternal Infant Health Program (MIHP). The 
first study examined any MIHP exposure among Medicaid-paid 
births during 2009–2012 [31]. The authors found that any MIHP 
receipt—including screening without further follow-up—was 
negatively associated with infant mortality and mediated by 
preterm birth. Additionally, this association did not vary be-
tween Black and non-Black births. A subsequent analysis of the 
same cohort found no difference in infant mortality between 
MIHP-screened births and MIHP-service recipient births [32]. 
These results are promising, but we can reexamine this rela-
tionship with more recent data in a different population to 
interrogate the temporal and geographic generalizability of 
these findings. Further, and like the Michigan studies, we can 
evaluate differential mortality outcomes by race to determine 
whether obstetric care coordination reduces racial disparities in 
infant mortality.

We investigate participation in Wisconsin's Prenatal Care 
Coordination (PNCC) program [33] and its association with 
infant mortality among Medicaid-paid births during 2010–
2018. Additionally, we examine differential associations by 
maternal race/ethnicity (Black NH; Hispanic; White NH). We 
hypothesize that PNCC is negatively associated with infant 
mortality and that associations differ by race/ethnicity due to 
Wisconsin's demographic makeup and geographic variation 
in PNCC services. Most of Wisconsin's Black NH population 
resides in highly urbanized areas with prevalent and well-
resourced PNCC services, whereas other racial/ethnic popula-
tions are dispersed across more rural regions with low PNCC 
availability [34–36].

2   |   Methods

2.1   |   PNCC

PNCC is a Wisconsin Medicaid benefit that is administered 
through local public health departments and approved inde-
pendent care coordination providers throughout the state [33]. 
This program provides medical, educational, and social services 

Summary

•	 What is known on this topic
○	 Medicaid obstetric care coordination programs pro-

vide tailored medical, educational, and social ser-
vices during pregnancy to improve maternal and 
infant health.

○	 Receipt of care coordination services during 
pregnancy reduces the risk of adverse birth out-
comes—in particular, low birth weight and pre-
term birth.

○	 Two prior studies, both of which are based in 
Michigan, found that obstetric care coordination re-
ceipt may prevent infant mortality (death within the 
first 365 days of life).

•	 What this study adds
○	 Exposure to Wisconsin Medicaid's Prenatal Care 

Coordination program is associated with lower 
probabilities of infant mortality and neonatal mor-
tality (death within the first 28 days of life).

○	 This association is strongest in the Black (non-
Hispanic) population of Medicaid births.

○	 Prevention of adverse birth outcomes via care co-
ordination may explain the association between 
Prenatal Care Coordination receipt and infant 
mortality.
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to pregnant beneficiaries with the goal of improving maternal 
and infant health. Program services are varied and tailored to 
the beneficiary's needs. Additionally, these services target social 
and behavioral factors that elevate the risk of adverse pregnancy 
health outcomes. Examples of PNCC services include psycho-
social therapy, alcohol and drug cessation, continuing employ-
ment support, and nutrition counseling [33, 37].

Pregnant Medicaid beneficiaries enroll in PNCC by completing 
an eligibility questionnaire at a certified clinical or community-
based service agency [37]. Individuals may seek assessment in-
dependently or they may receive a referral from a health care 
professional. The questionnaire consists of 31 risk factors of 
adverse pregnancy outcomes that relate to sociodemographic 
background (e.g., no college education), living circumstances 
(e.g., unstable housing), health behavior (e.g., cigarette smok-
ing), and pregnancy history (e.g., prior preterm delivery) [38]. 
A beneficiary is eligible for services if they are < 18 years-old at 
assessment or report 4+ risk factors on the questionnaire [37]. 
PNCC eligibility is intentionally broad to maximize program 
uptake. The questionnaire is available in the English, Hmong, 
and Spanish languages [38].

PNCC enrollees meet with a care coordinator to develop their 
care plan [37]. Care coordinators can bill for services once per 
30 days, and Medicaid covers PNCC services from enrollment to 
60-day postpartum. PNCC-providing institutions submit man-
agement plans to the Wisconsin Department of Health Services 
to prove their ability to administer assessments, care plans, and 
services. PNCC is a state-mandated program, but local public 
health departments (county or city) can prioritize populations 
or services for PNCC administration [37]. This may manifest 
geographic variation in PNCC outreach [36, 39]. We describe 
PNCC measurement in Section 2.3.

2.2   |   Data

The Wisconsin Department of Health Services furnished all 
birth records for live, in-state resident deliveries during 2010–
2018 alongside linked infant death records for 2010–2019. We 
accessed maternal Medicaid claims and encounters (henceforth, 
“claims”)—including pharmaceutical claims—for 2009–2018 
from the Wisconsin Administrative Data Core (WADC) [40]. 
Medicaid is a federal- and state-funded health insurance pro-
gram for low-income United States residents [41]. Tables S1 and 
S2 contain all billing codes for analyses.

Birth records linked to WADC with a complex matching strat-
egy. Non-study team programmers created maternal iden-
tifiers for birth records and matched mothers across birth 
records on name (first; middle initial; last; suffix) and birthdate. 
Additionally, programmers assigned the same maternal iden-
tifier to near-matches due to name changes or typos. Maternal 
identifiers on the birth record allowed us to generate family clus-
ters. Programmers then linked birth record maternal identifiers 
to WADC identifiers on name (first; middle initial; last; suffix) 
and birthdate. Near-matches due to name changes or typos were 
assigned perfect 1:1 maternal links between birth records and 
the WADC. Otherwise, a maternal birth record identifier could 
link to multiple WADC identifiers.

We sampled Medicaid-paid births during 2010–2018 with com-
plete information on selected birth record variables. PNCC par-
ticipation is limited to pregnant Medicaid beneficiaries [37, 38], 
and we identified Medicaid payment of live birth with Current 
Procedural Technology codes (Table S1) [42]. Additionally, we 
required complete information on several analyzed birth re-
cord variables that we used for regression analyses: maternal 
age, race/ethnicity, nativity, education, marital status, smoking, 
chronic hypertension, chronic diabetes, and residence county; 
and infant birth order and plurality.

There were 576,266 unique birth records for deliveries during 
2010–2018. Of these, 15,188 birth records (2.6%) linked to multi-
ple maternal WADC identifiers. Absent shared variables to break 
ties among multiple identifier linkages, we randomly selected one 
match and discarded others. We then identified 233,920 births 
(40.6% of the sampling pool) that linked to a Medicaid live deliv-
ery claim. Finally, we excluded 2380 births (1.0% of Medicaid-paid 
births) with missing information on analyzed birth record vari-
ables. Variables that accounted for the greatest missingness were 
maternal education (1563 births), race/ethnicity (335 births), and 
nativity (207 observations). This yielded a final analytical sample 
of 231,540 births, representing 99% of all Medicaid-paid live, in-
state, resident births during 2010–2018.

We then conducted power calculations to determine minimum 
sample sizes for regressions with interactions on race/ethnic-
ity (Table S3) [43]. Using White NH as the reference, we had 
sufficiently large samples for Black NH and Hispanic births to 
detect interactions, but our sample sizes for American Indian/
Alaska Native NH, Asian/Pacific Islander NH, multiple race 
NH, or other race NH births were too small. Thus, we only con-
sidered results for Black NH, Hispanic, and White NH births 
for all race/ethnicity-stratified analyses.

2.3   |   Variables

Our exposure was PNCC receipt during pregnancy (≤ 8 months 
pre-delivery), which we identified with Health Care Procedure 
Coding System values in Medicaid claims (Table S1). We coded 
PNCC dichotomously (none; any) and categorically (none; assess-
ment/care plan only; service receipt). The categorical measure 
distinguishes assessed beneficiaries who may have a care plan 
(“assessment/care plan only”) from beneficiaries who received 
services after care planning (“service receipt”). PNCC services 
are billed as “education,” “follow-up home visits,” or “case man-
agement” in Medicaid claims, although specific types of services 
are unknown (e.g., smoking cessation therapy).

Our primary outcome was infant mortality (death at 
age < 365 days [1 year]). Secondary outcomes were neonatal 
mortality (death at age 0–28 days) and postneonatal mortality 
(death at age 29–364 days). We calculated survival time in days 
with birthdates and death dates.

Analyzed birth record variables included maternal character-
istics (age; race/ethnicity; nativity; education; marital status; 
smoking during pregnancy; chronic hypertension; chronic 
diabetes; residence county urbanicity using the 2013 National 
Center for Health Statistics urban–rural classification 
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scheme  [44]) and infant characteristics (birth order; plu-
rality; birth year; gestational age in completed weeks; birth 
weight in grams). From Medicaid claims, we measured bi-
nary variables during pregnancy: a substance use disorder 
(SUD) diagnosis, identified with International Classification 
of Diseases codes (Table  S1); receipt of United States Food 
and Drug Administration-approved medications for opioid 
use disorder (MOUD), identified with generic drug names for 
buprenorphine, methadone, and naltrexone in the Medicaid 
pharmaceutical data  [45]; and receipt of mental health med-
ications (anticonvulsants; psychotherapeutic agents; anxiolyt-
ics; sedatives; hypnotics), identified with American Hospital 
Formulary Service codes (Table S2).

2.4   |   Analysis

We cross-tabulated infant mortality outcomes and sample char-
acteristics by PNCC receipt. Additionally, we cross-tabulated 
PNCC receipt and maternal residence county by race/ethnicity 
(Black NH, Hispanic, and White NH only). Kaplan–Meier sur-
vival plots tracked infant mortality by PNCC receipt—overall 
and within Black NH, Hispanic, or White NH births—and cor-
responding log-rank tests computed differences in mortality by 
PNCC receipt.

A conceptual model guided covariate selection for adjusted 
regressions (Figure  S1). We hypothesized that observed ma-
ternal characteristics confounded the relationship between 
PNCC receipt and infant death. First, there are several ma-
ternal characteristics that determine PNCC eligibility: low or 
high age (< 20 years old or 35+ years old), being non-White NH, 
having limited English language proficiency (correlated with 
being born outside of the United States [46]), incomplete high 
school education, being unmarried, currently smoking, having 
diabetes or hypertension, SUD, and a mental health diagnosis 
[37, 38]. Further, these maternal characteristics are associated 
with the risk of infant mortality [47–53]. Second, PNCC uptake 
varies by county urbanicity in Wisconsin [36]—as such, ben-
eficiary lives likely impacts whether they receive PNCC ser-
vices—and infant mortality also varies by county urbanicity 
[54, 55]. For non-maternal characteristics, we hypothesized 
that birth year confounded the relationship between PNCC 
receipt and infant mortality because both PNCC receipt and 
infant mortality have declined over time in Wisconsin [36, 56]; 
and latter birth order and plural birth may increase the risk of 
infant mortality [57–59]. Adjustment for these variables should 
reduce bias and improve precision in regressions.

Our primary regression analyses consisted of conventional bi-
nary logit regressions and propensity score weighted (PSW) 
regressions. For each combination of a PNCC exposure and mor-
tality outcome, we executed conventional binary logit regressions 
that were unadjusted or adjusted for maternal characteristics 
(age; race/ethnicity; nativity; education; marital status; smoking; 
resident county urbanicity; chronic diabetes; chronic hyperten-
sion; SUD diagnosis; MOUD receipt; mental health medication 
receipt) and infant characteristics (birth order; plurality; birth 
year). Following each regression, we calculated predicted prob-
abilities of mortality at each PNCC exposure level and average 

marginal effects of PNCC on mortality. For PSW regressions, 
we calculated the probability of PNCC exposure for each obser-
vation (separately for dichotomous and categorical exposures) 
in our full sample conditional on our previously listed control 
variables to better account for selection into PNCC. We executed 
5000 iterations of weighting with covariate balance on mean 
effect size, and graphical diagnostics indicate strong balance of 
covariates between PNCC exposure levels (Figures S2–S9). We 
then executed PSW regressions and estimated the average treat-
ment effect (ATE)—the average effect of PNCC on mortality for 
the full population of Medicaid births. Likewise, we calculated 
corresponding predicted probabilities of outcomes and average 
marginal effects. We used Stata's Twang and MNPS packages to 
conduct PSW analyses [60, 61]. In all regressions, we clustered 
standard errors at the county-level to account for geographic 
variation in PNCC services [36].

We then repeated adjusted conventional binary logit regressions 
and PSW regressions with interactions between maternal race/
ethnicity (referent: White NH) and PNCC receipt to determine 
whether PNCC-mortality associations varied by race/ethnicity. 
Afterward, we calculated corresponding predicted probabil-
ities of outcomes and average marginal effects for Black NH, 
Hispanic, and White NH births. Again, we did not consider 
other racial/ethnic subgroups due to insufficient sample size for 
detecting interactions.

We also conducted several supplementary analyses. First, we 
repeated all adjusted conventional regressions and PSW regres-
sions (with and without interactions by race/ethnicity) with sin-
gleton births only (N = 225,026 births; 97.2% of the sample). Plural 
birth increases the risk of infant mortality, so this analysis deter-
mines if PNCC-mortality associations hold for lower-risk births 
[57, 58]. Second, we executed PSW regressions to estimate the 
average treatment effect on the treated (ATT) in the any PNCC 
group (N = 54,309 births) and in the PNCC service receipt group 
(N = 36,486 births). Unlike the ATE, the ATT estimates the ex-
pected difference in mortality between births with PNCC expo-
sure to the same births had they been unexposed to PNCC, which 
should further allay bias from selection into treatment [60, 61]. 
We computed weights over 5000 iterations on our same set of 
control variables, and we executed PSW ATT regressions with 
and without interactions on race/ethnicity. Graphical diagnostics 
indicated good balance on covariates for PSW ATT regressions 
(Figures S10–S17). Third, we conducted a three-part mediation 
analysis with a subsample that had complete information on ges-
tational age and birth weight (N = 230,994 births; 99.7% of the 
sample). Prior literature indicates that birth outcomes mediate 
the association between obstetric care coordination receipt and 
infant mortality [31]. To explore this, we executed adjusted logit 
binary regressions of preterm birth (gestational age < 37 weeks) 
or low birth weight (< 2500 g) on PNCC receipt to determine if 
PNCC was associated with birth outcomes; repeated our pri-
mary adjusted binary logit regression analysis while controlling 
for gestational age and birth weight to determine if adjustment 
for birth outcomes attenuated PNCC-mortality associations; and 
conducted causal mediation analysis to estimate how much ges-
tational age or birth weight explained observed PNCC-mortality 
associations [62]. Finally, we executed adjusted sibling fixed ef-
fects (FE) linear probability models (LPM) to test associations 



5 of 18

between PNCC receipt and infant mortality. Despite a broad 
set of covariates, there may be unobserved confounders—such 
as health-seeking behavior or genetic risk of adverse birth out-
comes [63, 64]—that bias our estimates. Sibling FE regressions 
offset unobserved family-level factors that equally affect siblings' 
outcomes (i.e., infant mortality), thereby reducing confounding 
bias [65]. FE regressions only use in-sample siblings (N = 120,070 
births; 51.9% of the sample), and estimates rely on sibling clus-
ters with differential exposure. Thus, these estimates only apply 
to families with mixed uptake of PNCC across pregnancies. We 
opted for LPMs over binary logit regressions for this analysis 
because LPMs produce more accurate predicted probabilities in 
FE regressions with rare binary outcomes [66]. We did not test 
for interaction by race/ethnicity due to insufficient sample sizes. 
Likewise, we did not execute FE regressions with neonatal mor-
tality or postneonatal mortality due to small mortality counts.

We conducted analyses with Stata Statistical Software: Release 
18 [67]. The University of Wisconsin-Madison minimal risk in-
stitutional review board approved study procedures.

3   |   Results

3.1   |   Descriptive Results

On average, the pool of mothers who received PNCC services 
were younger, more racially diverse, had less formal education, 
were less likely to be married, and were more likely to reside 
in Milwaukee County (i.e., Wisconsin's sole large central met-
ropolitan county) relative to non-recipient mothers (Table  1). 
Additionally, PNCC service-recipient births had higher propor-
tions of first-births and low birth weight relative to non-PNCC 
births. The overall IMR was 6.6 deaths/1000 births, and the 
IMR was greater in the no PNCC group (6.8 deaths/1000 births) 
relative to the PNCC service receipt group (6.1 deaths/1000 
births) and the PNCC assessment/care plan only group (5.0 
deaths/1000 births). We observed similar patterns in neonatal 
mortality, while postneonatal mortality was more balanced by 
PNCC exposure. In Kaplan–Meier plots, the most rapid declines 
in survival occurred in the neonatal period (Figure 1; log-rank 
tests in Table A4). Mortality trends are similar in the sibling-
only sample (Table A5).

Focusing on maternal race/ethnicity, approximately 31% of 
Black NH or Hispanic births connected to any PNCC receipt, 
compared to only 19% of White NH births (Table A6). We ob-
served the most pronounced absolute differences in mortality 
by PNCC receipt among Black NH births. Compared to the no 
PNCC group (12.8 deaths/1000 births), the IMR was 36% lower 
in the PNCC assessment/care plan only group (8.2 deaths/1000 
births) and 28% lower in the PNCC service receipt group (9.2 
deaths/1000 births). Much like results from the full sample, we 
observed similar patterns in neonatal mortality but less variation 
by PNCC receipt in postneonatal mortality. Compared to Black 
NH births, absolute differences in IMR by PNCC status were 
smaller among Hispanic births—from 4.5 deaths/1000 births 
in the no PNCC group to 3.3 deaths/1000 births in the PNCC 
service receipt group. Similarly, there was little variation in 
IMR by PNCC status among White NH births (~5.3 deaths/1000 

births). Furthermore, there was urban–rural variation in racial/
ethnic distributions (Table  A7). Milwaukee County accounted 
for 74% of Black NH births, 42% of Hispanic births, and 9% of 
White NH births (notably, highly rural counties accounted for 
67% of White NH births). Among PNCC service recipient-births, 
Milwaukee County accounted for 82% of Black NH births, 56% 
of Hispanic births, and 7% of White NH births.

3.2   |   Primary Regressions

Adjusted conventional regressions indicated that PNCC re-
ceipt was associated with a lower probability of infant mortal-
ity (Table  2). The predicated probabilities of infant mortality 
were 0.70% (95% CI 0.66%, 0.73%) for no PNCC and 0.53% (95% 
CI 0.49%, 0.57%) for any PNCC. Correspondingly, any PNCC 
was associated with a significant reduction in the probabil-
ity of infant mortality (change in probability −0.17 percentage 
points [pp]; 95% CI −0.22 pp, −0.11 pp). Estimates did not vary 
by PNCC level among exposed (assessment/care plan only vs. 
service receipt). These patterns and associations were consistent 
with neonatal mortality, but there was no association between 
PNCC receipt and postneonatal mortality. Unadjusted results 
were similar (Table  A8). Additionally, PSW ATE regressions 
generated nearly identical estimates.

Conventional and PSW ATE regressions with interactions on 
maternal race/ethnicity indicated that the magnitude of the 
negative association between any PNCC or PNCC service re-
ceipt and infant mortality was stronger among Black NH births 
relative to White NH births (Table  3). However, these associ-
ations did not significantly vary between Hispanic and White 
NH births. Predicted probabilities and average marginal effects 
reflected these patterns. For example, focusing on results from 
conventional binary logit regressions, the predicted probabilities 
of infant mortality among Black NH births were 1.19% (95% CI 
1.09%, 1.28%) for no PNCC and 0.83% (95% CI 0.76%, 0.90%) for 
PNCC service receipt (Table 4). Subsequently, PNCC service re-
ceipt was associated with a 0.36 pp decrease (95% CI −0.42 pp, 
−0.30 pp) in the probability of infant mortality. The predicted 
probabilities of infant mortality for Hispanic and White NH 
births hovered around 0.40%–0.60% regardless of PNCC expo-
sure level, and PNCC was not associated with infant mortality 
in either subgroup. Similar patterns emerged for neonatal mor-
tality, although there were no significant associations for post-
neonatal mortality (Tables S9–S14).

3.3   |   Supplemental Analyses

Excluding plural births did not notably alter regression esti-
mates (Tables S15–S22). PSW ATT regressions estimates also 
indicated that PNCC was negatively associated with infant and 
neonatal mortality, although there was no significant variation 
by race/ethnicity (Tables S23–S28). Additionally, we found evi-
dence of mediation by birth outcomes (Tables S29–S31): PNCC 
was associated with preterm birth and low birth weight; birth 
outcome adjustment attenuated associations between PNCC 
and mortality; and gestational age explained roughly half of 
the observed association between any PNCC receipt and infant 
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mortality. Sibling FE models indicated stronger effects com-
pared to primary regressions (Table S32). Both any PNCC re-
ceipt (−0.39 pp; 95% CI −0.59 pp, −0.19 pp) and PNCC service 
receipt (−0.50 pp; 95% CI −0.73 pp, −0.27 pp) were associated 
with decreased probabilities of infant mortality, although there 
was no significant association between PNCC assessment/care 
plan only and infant mortality. However, we note that sibling 
FE results only apply to with differential PNCC receipt across 
pregnancy [65].

4   |   Discussion

Medicaid-funded obstetric care coordination programs aim to 
improve birth outcomes. In turn, these programs may also im-
prove infant survival. We examined the relationship between 
Wisconsin's PNCC program and infant mortality in nearly all 
Medicaid-paid births statewide during 2010–2018. PNCC was 
associated with a reduced probability of infant mortality, and 
this association did not notably vary by exposure level (assess-
ment/care plan only vs. service receipt). PNCC participation 
was also negatively associated with neonatal mortality but with 
postneonatal mortality. Further, these associations were stron-
ger among Black NH births compared with White NH births. 
Thus, significant estimates in the overall sample may be largely 
driven by Black NH births.

Improved birth outcomes are the likely mechanism in this 
association. Preterm birth and low birthweight are leading 
causes of infant mortality in the United States [4, 30], and 
recent analyses indicate that PNCC service receipt lowers 
risks of preterm birth and low birth weight by 17% and 14%, 
respectively [29]. In turn, PNCC may improve infant survival 
by preventing adverse birth outcomes. Supplemental find-
ings support this hypothesis: PNCC was associated with birth 
outcomes, controlling for birth outcomes attenuated PNCC-
mortality associations, and gestational age largely mediated 
the association between PNCC and infant mortality. We also 
consider how PNCC is associated with neonatal mortality but 
not with postneonatal mortality. Preterm birth is a common 
cause of neonatal mortality [68–70]. In contrast, congenital 
malformations and sudden unexpected death in infants are 
the most frequent causes of postneonatal mortality in the 
United States [71]. It is unclear how PNCC would prevent ei-
ther cause of postneonatal death.

We also observed racial/ethnic variation in PNCC-mortality 
associations. Specifically, PNCC was strongly associated with 
a lower probability of infant mortality in Black NH births, 
while the probabilities of infant mortality were balanced 
across levels of PNCC exposure in Hispanic and White NH 
births. This may be due to geographic variation of PNCC ser-
vice provision and, consequently, racial/ethnic variation in 
the uptake of PNCC services. PNCC-providing institutions 
in urban areas are often more prevalent, resourced, and con-
nected to other social service agencies relative to more rural 
areas of the state [35]. This yields significant urban–rural dis-
parities in the quality and availability of PNCC. Indeed, re-
cently analyses documented PNCC participation by urbanicity 
across Wisconsin during 2010–2019 [36]. PNCC receipt was 
greatest in Milwaukee County—Wisconsin's only large central 
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metropolitan county—and uptake remained high throughout 
the decade. However, PNCC receipt was relatively low and de-
clining in rural counties. Simultaneously, nearly 70% of Black 
NH Wisconsin residents reside in Milwaukee County, and 
nearly 90% of Black NH Wisconsin residents reside in the six 
southeastern counties that encompass or surround the city of 
Milwaukee [34], whereas the White NH and Hispanic popu-
lations are more equally distributed across the state [36]. Our 
results reflected these trends: among PNCC service recipient-
births, Milwaukee County accounted for more than 80% of 
Black NH births but only for 56% and 7% of Hispanic and White 
NH births, respectively. Thus, among PNCC service recipients, 
Black NH beneficiaries may be accessing more well-resourced 
PNCC providers compared to Hispanic or White NH benefi-
ciaries. This variation in service—and service quality—may 
explain the variable associations by race/ethnicity.

Notably, the association between PNCC and infant mortality 
did not depend on PNCC exposure level in our primary anal-
ysis. This contrasts prior research—PNCC service receipt be-
yond care planning prevented adverse birth outcomes, but there 
was no such benefit for PNCC assessment/care planning only 
[29]. Our supplemental sibling FE analyses may illuminate this 
discrepancy. Sibling FE regressions accounted for unobserved 
sibling-invariant confounding, thus reducing bias in estimates. 
Here, only PNCC service receipt was negatively associated with 
infant mortality. This may signal that PNCC's benefit to infant 
survival depends on receiving program services, much like the 
documented effect of PNCC on birth outcomes. Still, we inter-
pret these results cautiously; FE estimates depend on—and, 
thusly, only apply to—sibling clusters with differential PNCC 
exposure. A more conservative interpretation is that sibling FE 
results largely align with primary regression results.

FIGURE 1    |    Kaplan–Meier survival plots: Infant mortality by categorical Prenatal Care Coordination receipt during pregnancy. PNCC, Prenatal 
Care Coordination. The vertical dashed line indicates 28 days post-birth (i.e., the end of the neonatal period).
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TABLE 3    |    Results from regressions of infant mortality (death at age < 365 days) on Prenatal Care Coordination receipt during pregnancy with 
interactions on maternal race/ethnicity (N = 231,540 births).

Conventional adjusted 
binary logit regressions

Propensity score weighted 
regressions, ATE

Coefficient 95% CI Coefficient 95% CI

Regressions with binary PNCC exposure

Any PNCC

None Ref. — Ref. —

Any −0.09 −0.29, 0.10 −0.05 −0.27, 0.16

Maternal race/ethnicity

AI/AN NH 0.24 −0.03, 0.52 0.33 −0.06, 0.72

Asian/PI NH 0.52 0.27, 0.78 0.15 −0.12, 0.42

Black NH 0.83 0.72, 0.94 0.86 −0.73, 0.99

Hispanic 0.06 −0.13, 0.25 −0.11 −0.31, 0.09

White NH Ref. — Ref. —

Multiple NH 0.57 0.27, 0.86 0.56 0.26, 0.87

Other NH 0.68 −0.18, 1.54 0.26 −0.45, 0.96

PNCC and race/ethnicity interaction

Any*AI/AN NH −0.64 −1.75, 0.47 −0.26 −1.40, 0.89

Any*Asian/PI NH −0.56 −1.50, 0.38 −0.36 −1.30, 0.59

Any*Black NH −0.28 −0.47, −0.10 −0.32 −0.62, −0.02

Any*Hispanic NH −0.21 −0.62, 0.20 −0.16 −0.61, 0.30

Any*White NH Ref. — Ref. —

Any*Multiple NH −0.27 −0.69, 0.14 −0.11 −0.84, 0.62

Any*Other NH [Empty] — [Empty] —

Regressions with categorical PNCC exposure

Categorical PNCC

None Ref. — Ref. —

Assessment/ care plan only −0.12 −0.33, 0.08 −0.17 −0.49, 0.15

Service receipt −0.08 −0.33, 0.18 0.02 −0.25, 0.29

Maternal race/ethnicity

AI/AN NH 0.25 −0.03, 0.52 0.32 −0.07, 0.71

Asian/PI NH 0.52 0.27, 0.78 0.15 −0.12, 0.42

Black NH 0.83 0.72, 0.94 0.86 0.73, 0.99

Hispanic 0.06 −0.13, 0.25 −0.12 −0.32, 0.08

White NH Ref. — Ref. —

Multiple NH 0.57 0.27, 0.87 0.55 0.25, 0.86

Other NH 0.68 −0.18, 1.54 0.26 −0.45, 0.96

PNCC and race/ethnicity interaction

ACP*AI/AN NH −0.21 −1.08, 0.66 0.07 −1.22, 1.35

(Continues)
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To date, this is the third study to investigate Medicaid obstet-
ric care coordination participation and infant mortality. Two 
prior studies examined Michigan's MIHP program—which is 
analogous to PNCC in Wisconsin—and infant mortality among 
Medicaid births during 2009–2012 [31, 32]. Results from these 
studies are akin our findings: program participation is nega-
tively associated with infant mortality, and this association does 
not vary by service level. The main difference is that MIHP par-
ticipation was negatively associated with postneonatal mortal-
ity, while we found no such association. Differences between 
MIHP and PNCC administration may explain this. MIHP ben-
eficiaries receive care coordination services from enrollment 
to the infant's first birthday [31]. Participating families may 
thusly receive additional health and educational interventions 
that prevent causes of postneonatal mortality, including sudden 
unexpected death in infancy [72]. In contrast, PNCC services 
only cover beneficiaries from enrollment to 60 days postpartum 
[37]. This may limit the ability of care coordination services to 
intervene on the risk of postneonatal death, even for families 
that maintain Medicaid coverage after the postpartum period. 
Nonetheless, the cumulation of this evidence suggests that ob-
stetric care coordination is a viable strategy for preventing in-
fant mortality in the Medicaid population.

We note key limitations. While we control for a robust set of 
confounders on PNCC receipt and infant mortality, we do not 
observe factors in home and familial environments that likely 
confound PNCC participation and infant health (e.g., parental 

incarceration or housing instability [73, 74]). Additionally, 
the small samples of American Indian/Alaska Native NH and 
Asian/Pacific Islander NH births—and, consequently, the low 
number of mortalities therein—precluded us from examining 
PNCC-mortality associations in those subpopulations. Finally, 
we could not test whether PNCC-mortality associations varied 
by specific PNCC services because billing codes do not con-
tain this information. Potential PNCC impact likely varies 
by service. For example, tobacco smoking cessation prevents 
adverse birth outcomes and, by extension, infant mortality 
[49, 75]. Conversely, the link between continuing education 
support and infant mortality is likely tenuous.

5   |   Conclusion

We find evidence that participation in Wisconsin's PNCC pro-
gram is associated with a lower probability of infant mortality 
in the state's Medicaid population. This underscores the oppor-
tunity for obstetric care coordination to improve infant surviv-
al—a public health priority in the United States. These results, 
in tandem with evidence of PNCC's benefit to infant and mater-
nal health more generally, should inform stakeholders and pol-
icymakers to expand PNCC services in populations and regions 
with low program outreach [35, 36]. Future research should ex-
amine obstetric care coordination and infant mortality in other 
states as well as more thoroughly investigate the causal mecha-
nisms of this association.

Conventional adjusted 
binary logit regressions

Propensity score weighted 
regressions, ATE

Coefficient 95% CI Coefficient 95% CI

ACP*Asian/PI NH −0.09 −1.47, 1.29 0.35 −1.07, 1.77

ACP*Black NH −0.32 −0.66, 0.02 −0.36 −0.98, 0.25

ACP*Hispanic NH −0.17 −0.55, 0.20 −0.23 −1.00, 0.54

ACP*White NH Ref. — Ref. —

ACP*Multiple NH −0.81 −2.14, 0.53 −0.65 −2.12, 0.83

ACP*Other NH [Empty] — [Empty] —

Service*AI/AN NH −1.34 −3.15, 0.46 −1.85 −3.87, 0.17

Service*Asian/PI NH −1.11 −2.55, 0.32 −1.09 −2.52, 0.35

Service*Black NH −0.29 −0.54, −0.04 −0.46 −0.81, −0.11

Service*Hispanic NH −0.23 −0.75, 0.29 −0.37 −0.90, 0.17

Service*White NH Ref. — Ref. —

Service*Multiple NH −0.13 −0.62, 0.36 0.02 −0.83, 0.87

Service*Other NH [Empty] — [Empty] —

Note: Conventional adjusted binary logit regressions controlled for maternal characteristics (age; race/ethnicity; nativity; education; marital status; smoking; resident 
county urbanicity; chronic diabetes; chronic hypertension; substance use disorder diagnosis during pregnancy; medication for opioid use disorder receipt during 
pregnancy; mental health medication receipt during pregnancy) and infant characteristics (birth order; plurality; birth year). Propensity score weighted regressions 
balanced covariates between treatment groups on all previously listed control variables. Cells with “[Empty]” indicate no mortalities for that combination of PNCC 
exposure and maternal race/ethnicity.
Abbreviations: ACP, assessment/care plan only; AI/AN, American Indian/Alaska Native; ATE, average treatment effect; CI, confidence interval; NH, non-Hispanic; 
PI, Pacific Islander; PNCC, Prenatal Care Coordination; Ref., referent group.

TABLE 3    |    (Continued)
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