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Prenatal Care in the United States: Improving Quality Measurement,  

Access to Care, and Outcomes 

 

Abstract 

 

Prenatal care anchors policy and public health approaches to improving maternal and 

child health in the United States. However, little is understood about the quality of this care and 

how to promote equitable access. In this dissertation, I developed new measures of prenatal care 

quality and evaluated two programs that could improve access to care and outcomes for low-

income pregnant people.  

In Chapter 1, we developed new measures of guideline-based prenatal care and 

documented their variation in a commercially insured population. Prenatal care quality 

measurement efforts have focused on the number of prenatal visits, or prenatal care adequacy, 

rather than the services received. We used a large dataset of commercial health insurance claims 

to measure whether patients received 8 prenatal services recommended by clinical guidelines. 

We found that, on average, patients only received 6 of the 8 services, and receiving more 

prenatal visits was not associated with more guideline-based care. Guideline-based care also 

varied across the population. For example, rates of Tdap vaccination were 27% lower in counties 

with low median income and 13% lower in counties with a high proportion of non-Hispanic 

Black residents. This work demonstrated that measuring guideline-based care is feasible and may 

capture quality of prenatal care better than visit count or adequacy alone. 

Chapter 2 is an evaluation of a prenatal nurse home visiting program, the Nurse Family 

Partnership (NFP), which aims to improve prenatal care utilization and pregnancy health. We 
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conducted a randomized controlled trial among 5,670 Medicaid-eligible pregnant individuals in 

South Carolina. We used an intent-to-treat approach to compare outcomes between the two 

groups during pregnancy using birth certificates, hospital discharge, and Medicaid claims data. 

We found no statistically significant change in the intensity of prenatal care utilization, no 

improvement in receipt of guideline-based prenatal care services, and no change in use of 

specialist care, smoking cessation, or gestational weight gain. These results were consistent in a 

subgroup of participants considered particularly vulnerable to challenges during pregnancy and 

parenthood (46.9% of the sample) and among Black non-Hispanic participants (55.5%). Our 

findings may reflect the limitations of individual-focused programming and suggest that more 

systemic or structural solutions are needed to address barriers to high quality prenatal care and to 

improve pregnancy health.   

In Chapter 3, we studied a structural approach to increasing access to high-quality 

primary and prenatal care for people of reproductive age. Federally Qualified Health Centers 

(FQHCs) provide affordable health care to low-income individuals, including nearly 1 in 10 

pregnant people. We studied whether the expansion of FQHCs between 2011-2016 improved 

early prenatal care initiation, low birth weight, and preterm birth among Medicaid-covered 

individuals in California. We used a synthetic control approach to compare areas that received 

their first FQHC early in the study period to areas that received it later, or that never had an 

FQHC. We used the Health Resources and Services Administration’s Uniform Data System to 

identify treated areas and measured the outcomes in California vital records data. We found no 

statistically significant impact on the three primary outcomes, and no evidence that this result 

was driven by demographic changes in the birthing population. This result suggests that access to 

primary and prenatal care may not be sufficient for improving these outcomes at the population 
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level. More targeted strategies may be needed to improve access to high-quality outpatient care 

for pregnant individuals. 
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Abstract 

 

Background: Despite the importance of prenatal care, quality measurement efforts have focused 

on the number of prenatal visits, or prenatal care adequacy, rather than the services received. It is 

unknown whether receiving more prenatal visits is associated with receiving more guideline-

based prenatal care services. The relationship between guideline-based prenatal care and 

patients’ clinical and sociodemographic characteristics has also not been studied.  

 

Objective: To measure receipt of guideline-based prenatal care among pregnant patients and to 

describe the association of guideline-based prenatal care with the number of prenatal visits and 

other patient characteristics.  

 

Study Design: This is a retrospective descriptive cohort study of 176,092 pregnancy episodes 

between 2016-2019. We used de-identified administrative claims data on commercial enrollees 

across the United States from the OptumLabs® Data Warehouse. We identified eight components 

of prenatal care that are universally recommended by the American College of Obstetricians and 

Gynecologists as well as other guideline-issuing organizations: testing for sexually transmitted 

infections, obstetric laboratory panel, urine culture, urinalysis, anatomy scan ultrasound, oral 

glucose tolerance test, TDAP vaccine, and group B streptococcus test. We measured the 

proportion of pregnant patients who received each of these guideline-based services at the 

appropriate gestational age. We measured the association between guideline-based services and 

the number of prenatal visits and prenatal care adequacy. We described variation of guideline-

based care by patient age, comorbidities, high deductible health plan enrollment, and their 
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county’s rurality, health professional shortage area status, racial composition, median income, 

and educational attainment.  

 

Results: The 176,092 pregnancy episodes were mostly among patients ages 25-34 (63%), with 

few pregnancy comorbidities (81%), and living in urban areas (92%). Guideline-based care 

varied by service, from 51% receiving a timely urinalysis to 90% receiving an anatomy scan and 

91% completing testing for sexually transmitted infections. Patients with at least four prenatal 

visits received, on average, 6 of the 8 guideline-based services. Guideline-based care did not 

increase with additional prenatal visits and varied by patient characteristics. Rates of TDAP 

vaccination were lower in counties with high proportions of minoritized populations, lower 

education, and lower income. 

 

Conclusion: In this commercially insured population, receipt of guideline-based care was not 

universal, did not increase with the number of prenatal visits, and varied by patient and area-

level characteristics. Measuring guideline-based care is feasible and may capture quality of 

prenatal care better than visit count or adequacy alone. 
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Introduction 

 

Despite its nearly universal use, little is understood about the quality of prenatal care and how it 

varies across pregnant patients.1–4 Instead of tracking the services provided, quality measurement 

organizations and researchers describe prenatal care in terms of the timing of its initiation and 

the number of visits, together referred to as “adequacy” of care.  

 

These two elements of care may capture important components of quality, but they fail to 

describe whether the patient received recommended care such as laboratory screenings, 

psychosocial support, and education on childbirth and parenting.4–6 Indeed, work in other areas 

of health services research has shown that health care visits vary substantially in their quality.7–9 

If this finding is true of prenatal care, it may be the case that two pregnant patients with 

“adequate” prenatal care receive very different quality of care.  

 

This distinction is relevant to the growing debate in the United States over the number and 

structure of prenatal visits.10 Current guidelines recommend 12-14 in-person visits over the 

course of a pregnancy – a higher number than our peer nations.11 There is evidence that more 

flexible models of prenatal care may be better suited to some patients’ needs.12–16 As clinicians 

and policymakers rethink models of prenatal care, it is important to understand existing variation 

in the services provided, not just the quantity and timing of prenatal visits.  

 

This paper moves beyond adequacy to measure whether prenatal care is consistent with national 

clinical guidelines in a commercially insured population. We overcome prior barriers to 

conducting such an analysis by using a national database of de-identified health insurance claims 
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that includes prenatal services billed individually, rather than as a global fee.17 We describe 

variation in guideline-based care by a patient’s number of prenatal visits, adequacy, and their 

clinical and demographic characteristics. 

 

Materials & Methods 

 

Data 

This is a retrospective descriptive study of prenatal care utilization among pregnant patients with 

commercial insurance. We used de-identified administrative claims data from the OptumLabs® 

Data Warehouse (OLDW), which includes medical and pharmacy claims and enrollment records 

for commercial enrollees. The database contains longitudinal health information on enrollees, 

representing a mixture of ages and geographical regions across the United States.18  

 

Study Population 

The study population included commercial insurance enrollees who had a claim for delivery of a 

neonate between June 1, 2016 and July 1, 2019 (see Appendix A for billing codes used to 

identify delivery episodes). For each delivery episode, we identified a corresponding 

approximate date of last menstrual period (LMP) using ICD-10 codes (see Appendix B and 

Appendix C).19–21 Enrollees were required to have continuous coverage in a commercial plan 

with medical and pharmacy benefits starting six months prior to the estimated date of LMP; this 

criterion was necessary for accurate measurement of the Obstetric Comorbidity Index.22,23 All 

included patients were ages 12-55 at their approximate date of LMP and were not listed as male 

sex. We excluded patients with missing age, sex, or ZIP code, which are indicators of incomplete 

or incorrect data in the OLDW (Appendix D describes the construction of the analytical cohort).  



 

 6 

 

Table 1.1. Guideline-Based Prenatal Care & Recommending Organizations 
Service Timing of 

service a 

Recommending 

Organization 

Clinical Need 

Testing for sexually transmitted 

infections (HIV, syphilis, and 

hepatitis B) 

N/A CDC, ACOG, 

USPSTF48–52 

Treat maternal infection; prevent 

transmission to fetus 

Obstetric laboratory panel  

(D (Rh) type, RBC antibody screen, 

Rubella avidity test (IgG), and CBC)  

First 

prenatal 

visit 

ACOG, 

USPSTF50,52,53 

Pregnancy risk assessment and 

management (e.g., treatment for 

Rh incompatibility or anemia)  

Urine culture/asymptomatic 

bacteriuria  

First 

trimester 

ACOG, 

USPSTF50,54 

Identify urinary tract infection and 

treat to prevent pregnancy 

complications  

Urinalysis First 

trimester 

ACOG50 Assess urine properties that may 

be indicative of infection or 

kidney disease 

Anatomy scan ultrasound b 18-22 

weeks 

ACOG, ISUOG50,55 Detect fetal, placental, or 

umbilical cord abnormalities; 

accurate gestational age dating 

Oral glucose tolerance test b 24-28 

weeks 

USPSTF, 

ACOG50,56 

Test for gestational diabetes 

TDAP vaccine b 27-36 

weeks 

CDC, ACOG57,58 Prevent pertussis transmission to 

fetus 

Group B streptococcus test b,c  35-37 

weeks 

CDC, ACOG50,59 Prevent transmission to fetus, 

which can cause sepsis 
Notes 

a. Recommended timing of the service as specified by the organization’s guidelines. 
b. Concordance with guidelines for the second and third trimester services was only evaluated among pregnancies that reach the maximum 

recommended gestational age for each service (i.e., 22 completed weeks for the anatomy scan, 28 completed weeks for gestational diabetes 

screening, 36 completed weeks for the TDAP vaccine, and 37 completed weeks for the group B streptococcus test). This is because, for 

example, pregnancies lasting 30 weeks should not be expected to include a group B streptococcus test at 35-37 weeks. 

c. In July 2019 (after our study period), the group B streptococcus screening guidelines were amended from recommending screening 
between 35-37 weeks to recommending screening between 36-39 weeks’ gestation.60  

 

Outcomes  

We measured “guideline-based care,” or timely receipt of specific prenatal services according to 

guidelines set by the American College of Obstetricians and Gynecologists (ACOG), the Centers 

for Disease Control and Prevention (CDC), the United States Preventive Services Task Force 

(USPSTF), and/or the International Society of Ultrasound in Obstetrics and Gynecology 

(ISUOG). Table 1.1 shows the eight components of guideline-based care, the organization(s) that 

issued the corresponding recommendations, and their clinical purpose. These eight components 

of care do not include all services that patients should receive prenatally; however, they are 
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recommended for all pregnant patients and we can interpret the absence of any of this care as a 

departure from clinical guidelines. The relative value of the eight guideline-based services, or 

their respective contributions to preventing maternal and infant morbidity and mortality, varies 

based on patient risk factors (e.g., drug use, multiple sexual partners, preexisting hypertension or 

diabetes).  

 

Guideline-based care requires receiving the right services at the right time in pregnancy. Care 

was only considered guideline-based if the claim for that service occurred at the recommended 

pregnancy stage (where applicable) based on the difference between the date the service was 

provided and the patient’s approximate date of LMP (see Appendix E for results without the 

timeliness constraint and Appendix F for a sensitivity analysis).  

 

Prenatal care is often included in a global fee with the delivery hospitalization, which has limited 

the utility of claims data for measuring prenatal services and visits.17 However, claims for 

prenatal, delivery, and postpartum care in the OLDW are not bundled or billed under a global 

fee. Instead, each prenatal visit and service is individually billed. This data resource therefore 

represents a unique opportunity to overcome key limitations of claims data for measuring the 

number of prenatal visits and the services patients receive. We used ICD-10, CPT/HCPCS and 

NDC codes to identify the eight components of guideline-based care (see Appendix G) and the 

number of prenatal visits (see Appendix B and Appendix H for details). We carefully selected 

the billing codes used to identify visits and services, testing the sensitivity of our definitions to 

exclusion and inclusion of relevant codes and relying on prior work where possible.24–26      
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Patient Characteristics  

We measured the number of prenatal visits prior to delivery as well as the Adequacy of Prenatal 

Care Utilization Index (APNCU), which is also known as the Kotelchuck Index. The APNCU 

describes the totality of a patient’s prenatal care as inadequate, intermediate, adequate, or 

adequate plus based on the timing of their prenatal care initiation and by comparing the number 

of prenatal visits they received to the number that they would have been recommended to receive 

based on their gestational age at initiation and at delivery.4  

 

We used the Obstetric Comorbidity Index (OCI), a validated claims-based method, to identify 

patients’ comorbidities.22,23 We used enrollment and benefit design information in the OLDW to 

measure patient age at approximate date of LMP and to capture high deductible health plan 

enrollment. The enrollment data include the patient’s ZIP code of residence, which we used to 

link to county characteristics from the Area Health Resources Files (AHRF). The AHRF data 

include United States Department of Agriculture urban influence codes, which we used to 

identify whether the patient’s county is urban, non-urban urban-adjacent, or rural, consistent with 

prior work.27,28 We also used the AHRF to identify whether the patient resides in a full or partial 

primary care health professional shortage area (HPSA). 

 

To maintain de-identification of the OLDW, some individual-level demographic elements were 

not available for this analysis. We instead described race, income, and educational attainment at 

the county level using episode-weighted percentiles of data from the AHRF. For race/ethnicity, 

we created three indicator variables capturing whether the patient resided in a county that was 

above the 75th percentile of percent of the population that was (1) White non-Hispanic/Latino, 
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(2) Black non-Hispanic/Latino, and (3) Hispanic/Latino. For income, we created a categorical 

variable with three levels corresponding to terciles of county-level household annual median 

income (low (<$56,732), middle ($56,732-$70,461), or high (>$70,461)). For educational 

attainment, we created a categorical variable for whether the patient resided in a county in the 

lowest, middle, or highest tercile of the percent of individuals ages 25 or older with less than a 

high school diploma (lowest attainment (>12.90% without diploma), middle attainment (9.21%-

12.90% without diploma) and highest attainment (<9.21% without diploma)).   

 

Analyses 

We report overall levels of each guideline-based service across our analytical sample and 

describe how a patient’s number of guideline-based services received varies by their number of 

prenatal visits and their APNCU index category. We also measure variation in the number and 

type of guideline-based services across patient- and area-level characteristics.  

 

All analyses were conducted at the delivery episode level. Descriptive analysis was performed 

with SAS version 9.4 (SAS Institute Inc.), figures were created in R version 4.0.2 (R Core Team, 

2020); all analyses were independently replicated by a second data analyst. As this study 

involved analysis of preexisting, de-identified data, it was deemed exempt from institutional 

review board approval.29 

 

Results 

 

We identified 329,101 pregnancy episodes with dates of delivery and last menstrual period in our 

study time frame, of which 176,092 (54%) met our study inclusion criteria (see Appendix D). 
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The 176,092 delivery episodes were among 171,107 distinct patients (3% of patients had more 

than one delivery episode during our study period). The pregnancies in our sample were mostly 

among patients between ages 25-34 (63%) and with few obstetric comorbidities (81% had an 

OCI score of 2 or lower) (Table 1.2). Most patients were not in a high deductible health plan 

(75%). Nearly all resided in an urban county (92%) and in a partial primary care health 

professional shortage area (88%). The sample was evenly distributed across the terciles of county 

racial composition, median income, and educational attainment.  

Table 1.2. Sample Characteristics  

Total Episodes: N=176,092a 

Age (years) 
  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 Health Professional Shortage Area 

12-24 22,589 (12.8%)  Non-HPSA County 15,681 (8.9%) 

25-29 44,291 (25.2%) Partial-HPSA County 155,271 (88.2%) 

30-34 67,228 (38.2%) Full-HPSA County 5,140 (2.9%) 

≥ 35 years 41,984 (23.8%)  

High Deductible Health Plan (HDHP) Enrollment  County Racial Composition b 

HDHP 43,842 (24.9%) High White non-Hispanic 44,113 (25.1%) 

No HDHP 132,250 (75.1%) High Black non-Hispanic 42,901 (24.4%) 

Obstetric Comorbidity Index Score  High Hispanic/Latino 43,521 (24.7%) 

0 74,092 (42.1%) County Median Income c 

1-2 68,711 (39.0%) Lowest Income 58,917 (33.5%) 

3-6 26,902 (15.3%) Middle Income 58,790 (33.4%) 

≥ 7 6,387 (3.6%) Highest Income 58,385 (33.2%) 

Rurality County Educational Attainment d 

Urban 162,064 (92.0%) Lowest Education 54,986 (31.2%) 

Urban-adjacent 9,329 (5.3%) Middle Education 61,359 (34.8%) 

Rural 4,699 (2.7%) Highest Education 59,747 (33.9%) 
Notes 

a. The 176,092 delivery episodes were among 171,107 distinct patients. 
b. A county is classified as having a “high” population of each racial/ethnic group if that county is above the 75th percentile (episode-

weighted) of counties’ proportion of the population from that racial/ethnic group.  

c. County median household income categories correspond to terciles of episode counties’ household median income (low (<$56,732), middle 

($56,732-$70,461), or high (>$70,461)).   
d. County educational attainment categories indicate whether the county is in the lowest, middle, or highest tercile of the percent of individuals 

ages 25 or older with less than a high school diploma among the pregnancy episodes’ counties (lowest attainment (>12.90% without 

diploma), middle attainment (9.21%-12.9% without diploma) and highest attainment (<9.21% without diploma)).   

 

Receipt of guideline-based prenatal care was not universal. As seen in Figure 1.1, approximately 

half of the sample received a timely urinalysis (51%), and less than three-quarters received a 

timely obstetric lab panel (61%) or TDAP vaccine (63%). The most consistently received 
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components of guideline-based care were an anatomy scan ultrasound (90%) and testing for 

sexually transmitted infections (STIs) (91%). Among those who did not receive the full obstetric 

laboratory panel, almost half did receive a timely complete blood count (CBC) (47%). Among 

those who did not receive the full STI testing panel, most received a syphilis test (51%), but less 

than half received a Hepatitis B test (41%) or HIV test (20%) (Appendix I). 

Figure 1.1. Receipt of Guideline-Based Care in the Full Sample (N=176,092) 

 
 
Note: The figure displays the percent of the full sample that received each component of guideline-based 

prenatal care at the recommended gestational age (timely guideline-based care). See Table 1.1 for additional 

detail on the guideline-based services. 

 

The number of guideline-based services received did not have a strong relationship with the 

patient’s number of prenatal visits. Enrollees with at least four prenatal visits (97% of the 

sample) received, on average, 6 of the 8 timely guideline-based services. Figure 1.2 shows the 

distribution of the number of guideline-based services received by the binned number of prenatal 

visits (left) and by adequacy of prenatal care (right). Individuals who had fewer than six visits or 

inadequate prenatal care were less likely to receive all 8 of the guideline-based services. 
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However, the distribution of the number of guideline-based services received is similar across 

patients with six or more visits and those with intermediate, adequate, or adequate plus care.   

Figure 1.2. Relationship between Number of Guideline-Based Services Received and Prenatal 

Care Quantity  

 
 

Note: The number of dots is proportional to the number of patients in each category. See Appendix E and 

Appendix J for additional details. 

 

The proportion of patients that received at least 6 of the 8 timely guideline-based services varied 

by patient characteristics (Figure 1.3 and Appendix J). Sixty percent of patients under age 25 

received at least 6 timely services, compared to 71% of patients ages 25 years or older. We 

observed little difference in rates of guideline-based care by high deductible health plan 

enrollment (71% of HDHP enrollees vs. 69% of non-HDHP enrollees received at least 6 timely 

services). Patients with higher-risk pregnancies were less likely to receive at least 6 timely 
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services than patients with no obstetric comorbidities (64% among patients with OCI ≥7 vs. 71% 

among patients with OCI=0).  

Figure 1.3. Percent of Patients that Received at least 6 out of the 8 Guideline-Based Prenatal 

Care Services Studied, by Patient Characteristics  

 

 
Note: The y-axis in each figure represents the percent of patients in each category that received at least 6 

of the 8 guideline-based services studied. See Appendix J for 95% confidence intervals and the results 

using the anytime definition of guideline-based care. 

 

In addition, patients living in non-urban counties or counties that included a health professional 

shortage area were less likely to receive at least 6 timely services than patients in urban counties 

or counties without a health professional shortage area (64% in rural counties vs. 70% in urban 

counties and 65% in full-HPSA counties vs. 74% in non-HPSA counties). Patients living in 

counties with a high White non-Hispanic population were more likely to receive at least 6 timely 

services (72%) than patients living in counties with a high Black non-Hispanic (68%) or High 
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Hispanic/Latino population (66%). Patients in counties with lower median income or lower 

educational attainment were less likely to receive at least 6 timely services (65% among lowest-

income tercile vs. 74% among highest-income tercile and 66% among lowest education tercile 

vs. 74% among highest education tercile).  

 

Of the 8 timely guideline-based services studied, TDAP vaccination showed the most 

pronounced variation by county-level demographics. Counties with the lowest educational 

attainment had a 29% lower rate of TDAP vaccination than counties with the highest educational 

attainment (55% vs. 71%). Counties with the lowest median income had a 27% lower rate of 

TDAP vaccination than counties with the highest median income (56% vs. 71%). TDAP 

vaccination also varied by county-level racial composition: compared to counties with a high 

White non-Hispanic population, counties with a high Black non-Hispanic population had 13% 

lower rates of TDAP vaccination and counties with a high Hispanic population had 24% lower 

rates of TDAP vaccination (55% among high Hispanic counties, 60% among high Black non-

Hispanic counties, and 68% among high White non-Hispanic counties).  

 

Comment 

 

Principal Findings  

Services provided during prenatal care are not always consistent with clinical guidelines. The 

relationship between the number of prenatal visits, or prenatal care adequacy, and guideline-

based care is weak. Patients with very few prenatal care visits, or inadequate care, received fewer 

guideline-based services. However, there was little difference in receipt of these services across 

patients with six or more visits, or with intermediate, adequate, or adequate plus care. 
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Results  

Younger patients were less likely to receive guideline-based care, which may be driven by an 

association between age and pregnancy intention. Unintended pregnancy is associated with 

younger age at conception as well as with inadequate prenatal care.30 We find little variation in 

guideline-based care by deductible level, which may be because these preventive services are 

exempt from deductible spending or because patients anticipate surpassing their deductible in the 

year of a pregnancy. Patients with many comorbidities were less likely to receive most guideline-

based services; these cases may represent clinically appropriate deviations from guideline-based 

care, such as not screening for gestational diabetes in patients with preexisting diabetes. 

However, this finding as well as the observed variation across rurality and health professional 

shortage area should be interpreted with caution given that only a small proportion of our sample 

is in the highest-comorbidity, non-urban, or full HPSA groups.  

We find lower rates of TDAP vaccination in counties with a high proportion of Black non-

Hispanic or Hispanic residents as well as in those with low educational attainment or median 

income. Though we cannot be sure that our patients are representative of their county 

demographics, other work has found lower TDAP vaccination rates among pregnant patients 

from minoritized populations, with lower educational attainment, or with incomes below the 

poverty level.31–34 These disparities may reflect differences in provider likelihood of offering the 

vaccine or lower take-up of vaccinations among these vulnerable populations – both of which are 

linked to structural and interpersonal racism.35    

 

Clinical Implications  
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Our results suggest that many commercially insured pregnant patients are not receiving timely 

guideline-based services. Some patients who do not receive timely guideline-based care instead 

receive these services at another point in pregnancy (see Appendix E). Still, these services are 

not universal in our sample despite being recommended for all pregnant patients.  

 

Moreover, our results illustrate that prenatal visit number and adequacy do not sufficiently 

capture quality of care. The measures of guideline-based care that we implement may be a 

suitable starting point for more meaningful measurement of prenatal care quality: they are 

universally recommended based on clinical evidence and are observable in health insurance 

claims data. Measuring the quality of care provided during the management of conditions like 

gestational diabetes or group B streptococcus infection, which are detected via the tests that we 

study here, is an important direction for future quality measurement efforts. In addition, 

understanding the quality and consistency of non-billable physical examinations (e.g., blood 

pressure monitoring, fundal height measurements) and the quality of the counseling and 

anticipatory guidance provided in prenatal visits is important for evaluating prenatal care quality.   

 

These findings have implications for the ongoing work of redesigning prenatal care to be better 

suited to patients’ diverse medical and psychosocial needs.13,17,36 The COVID-19 pandemic has 

required clinicians to rethink how to flexibly provide prenatal care, which has been largely 

unchanged in the last century.10,37–40 As we move towards more flexible prenatal care models, the 

need for quality measures that go beyond visit number will only become more relevant.   

 

Research Implications  
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The primary value of high-quality prenatal care is improving maternal and neonatal outcomes. 

Future work should quantify the impact of guideline-based care on maternal and neonatal 

outcomes such as preterm delivery, birth weight, and infection. In addition, other measures of 

quality including patient reported outcomes and satisfaction should continue to be developed and 

incorporated into quality measurement strategies.41,42  

 

There are many potential explanations for why one patient may not have received a component 

of guideline-based care. First, the provider may not submit a claim to the insurer. We use 

unbundled claims and find high rates of billing for these services across pregnancy (Appendix 

E), and therefore do not believe that inconsistent billing practices are driving our results. Second, 

the patient may be unable to or choose not to receive the service, or the provider may feel that 

the service is not appropriate for that patient (e.g., gestational diabetes testing for patients with 

pre-existing diabetes). Patients may decline these services due structural factors impeding access 

to care, like transportation or the ability to take time off of work, as well as hesitancy around 

blood draws or vaccinations.34,43 Future work should examine the roles of patient and physician 

discretion in driving variation in guideline-based care. 

 

In addition, measuring guideline-based care among patients covered by Medicaid or who churn 

across insurers before or during pregnancy is an important direction for future work.44 Other 

work has shown that women covered by Medicaid may be less likely to receive preventive care; 

therefore, this analysis may overestimate rates of guideline-based care across all pregnant 

people.45,46 
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Strengths and Limitations  

Though prenatal care is nearly universally utilized by pregnant patients in the United States, our 

study is the first to measure the association between guideline-based care, visit count, and other 

patient characteristics. We do so using a large, nationwide sample with rich information on 

patients’ clinical and sociodemographic characteristics.  

 

Our sample only includes commercially insured women who are continuously enrolled in 

coverage around pregnancy; our results may not generalize to births covered by Medicaid or to 

people who churn across insurers around pregnancy. We do not observe individual patient race, 

education or income, nor those variables at a geographic level smaller than county. Correlations 

between county-level demographics and receipt of guideline-based care should be interpreted 

with caution as the individuals in our sample may not be representative of the counties where 

they live (and, inferring individual-level patterns from area-level estimates is subject to the 

ecological fallacy).47 We rely on claims data, which do not capture any services provided but not 

billed to the insurance company. Our lists of billing codes are based on prior analyses using 

claims, where possible.24,25 In addition, we use unbundled claims, which should limit the number 

of unbilled services relative to other databases of obstetrics claims.  

 

Conclusions 

Our work shows that receipt of guideline-based care is not universal, does not increase with the 

number of prenatal visits, and that care varies across patient characteristics. Future research and 

policy attention should be devoted to more meaningful measurement of prenatal care quality.
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Abstract 

 

Improving pregnancy health and access to high-quality prenatal care promotes maternal and 

newborn outcomes. Though prenatal home visiting programs target this critical period, more 

evidence is needed about their impact on pregnancy health and prenatal care. We conducted a 

randomized controlled trial of the Nurse Family Partnership (NFP) among Medicaid-eligible 

pregnant individuals in South Carolina. The 3,806 individuals randomized to the treatment group 

were eligible for regular home visits with a registered nurse who counselled them on health 

behaviors and provided referrals to health care and social services; the 1,864 individuals 

randomized to the control group received the standard of care. We used an intent-to-treat 

approach to compare outcomes between the two groups during pregnancy using birth certificates, 

hospital discharge, and Medicaid claims data. We found no statistically significant change in the 

intensity of prenatal care utilization, no improvement in receipt of guideline-based prenatal care 

services, and no change in use of specialist care, smoking cessation, or gestational weight gain. 

These results were consistent in a subgroup of participants considered particularly vulnerable to 

challenges during pregnancy and parenthood (46.9% of the sample) and among Black non-

Hispanic participants (55.5%). Our findings may reflect the limitations of individual-focused 

programming and suggest that more systemic or structural solutions are needed to address 

barriers to high quality prenatal care and to improve pregnancy health.   
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Introduction 

 

Connecting pregnant people to high-quality medical care and social support can promote healthy 

birth outcomes.1 Prenatal home visiting programs aim to do this by providing pregnant people 

with regular visits from a nurse or other health care professional. In 2010, the federal 

government invested in home visiting programs through the Maternal, Infant and Early 

Childhood Home Visiting (MIECHV) program, which received additional funding under the 

2021 American Rescue Plan.2  

 

Despite this substantial investment, more evidence is needed on how home visiting programs 

impact pregnant peoples’ health care utilization and health behaviors. Home visitors could 

increase prenatal care utilization by educating clients on the importance of routine prenatal care 

and helping them overcome barriers to these appointments. Alternatively, home visitors could 

supplement or substitute for some of the functions of traditional prenatal care, including 

connecting clients with social services; educating and assisting them with adopting healthy 

nutrition, exercise, and substance use behaviors during pregnancy; and preparing them for labor, 

delivery, and early parenting. This could decrease their clients’ demand for health care services.  

 

We examined the impact of a flagship home visiting program on pregnancy health and health 

care utilization during the prenatal period. The Nurse Family Partnership (NFP) provides home 

visits from a registered nurse to low-income pregnant people without prior live births. In 2016, 

South Carolina obtained a 1915(b) waiver from the Centers for Medicare and Medicaid Services 

to use Medicaid funding to finance NFP. MIECHV and philanthropic partners provided 

additional funding through a Pay for Success partnership. As part of this expansion, which was 
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not able to provide NFP to all eligible individuals, we conducted a randomized controlled trial to 

understand the impact of NFP at scale and in a modern context.  

 

The Nurse Family Partnership  

The Nurse Family Partnership, established in 1997, operates in 40 states and served over 50,000 

families in 2020.3 After enrolling in NFP, pregnant people receive regular home visits 

throughout pregnancy and up to 24 months after delivery. The NFP nurses serve as a general 

resource and provide social support to their clients. NFP clients report valuing these nurse visits 

as an opportunity to address their questions about pregnancy and preparation for parenting.4  

 

During their visits, the nurses use motivational interviewing techniques to identify where clients 

need the most support and tailor their resources to meet those needs. For example, some clients 

may prioritize resources to support their personal health, others may request more anticipatory 

guidance on delivery and early parenting, and others may want assistance navigating social 

services, personal relationships, school, or work.  

 

All NFP clients receive screenings for depression, anxiety, substance use, and intimate partner 

violence. The nurses monitor their clients’ health, as necessary, over the course of pregnancy 

(e.g., blood pressure, weight, signs of complications). NFP’s prenatal curriculum prioritizes 

education on healthy behaviors during pregnancy, especially smoking, exercise, and nutrition. 

Nurses also promote the use of office-based prenatal care services and may encourage their 

clients to follow through on or request recommended elements of prenatal care such as 

ultrasounds, vaccinations, or screenings. The nurses may also refer their clients to necessary 
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specialist care or help them decide whether any symptoms require emergency attention. This 

could plausibly increase or decrease utilization of health care and emergency services.  

 

The support from a nurse home visitor could help pregnant people overcome some barriers to 

prenatal care and healthy behaviors. However, this assistance, information, and empowerment 

alone may not be sufficient to overcome structural and systemic obstacles to care or to influence 

the quality of health care services.5,6 Prior trials found no impact of NFP on the number of 

prenatal visits.7–11  While small, early trials of NFP found modest impacts on some pregnancy 

health outcomes and use of cigarettes, more recent trials have not found any impact on prenatal 

health.7,11–13  

 

Methods  

 

We conducted a randomized controlled trial of the Nurse Family Partnership in South Carolina. 

Additional details on the trial design have been previously published.14  

 

Trial Design  

Potential study participants were identified through the state’s Medicaid eligibility database and 

by referral partners including local health care providers. People referred were assessed by an 

NFP nurse for the following eligibility criteria: (1) pregnant with a gestation of less than 28 

weeks, (2) nulliparous (no prior live births), (3) income-eligible for Medicaid (below 200% of 

the federal poverty level for pregnant people in South Carolina), (4) at least 15 years old, (5) 

living in a catchment area served by NFP nurses, and (6) not incarcerated or living in a lockdown 

facility.  
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Eligible participants completed a baseline survey (described below) and were then randomized 

with a 2:1 ratio to the treatment or control group. Trained NFP staff used encrypted tablets and 

Computer Assisted Personal Interview software to conduct trial enrollment, the baseline survey, 

and randomization. Both control and treatment group participants received a list of community 

resources available to low-income families and the standard of care in South Carolina, including 

access to all non-NFP community and medical services.  

 

Participants randomized to the treatment group were offered NFP services and assigned a nurse 

home visitor. They were eligible for biweekly or monthly home visits throughout pregnancy and 

up to 24 months postpartum, or until they decided to disenroll. Some Spanish-speaking 

participants had a bilingual nurse and participants who spoke other languages received 

translation services. Most prenatal visits took place in the client’s home prior to South Carolina’s 

COVID-19 stay-at-home order on March 23rd, 2020. After that date, 93% occurred via telehealth.  

 

The Institutional Review Board at the Harvard T.H. Chan School of Public Health approved this 

study (see Supplement for additional detail). All study participants gave written informed 

consent. The trial design and outcomes were prespecified and publicly archived at 

ClinicalTrials.gov (#NCT03360539) and the American Economic Association’s registry of 

clinical trials (#AEARCTR-0001039); we prespecified additional details in the published study 

protocol and pre-analysis plans.14–16 

 

Data Sources 
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The baseline survey prior to randomization covered the participant’s demographic information, 

physical and mental health, health behaviors, health care utilization, and use of social services. 

NFP also provided program data including the number, duration, and modality of visits, the 

topics discussed, and any referrals provided to social or health care services.  

 

We used three administrative datasets from South Carolina to measure the outcomes of interest: 

Medicaid claims, all-payer hospital discharge data, and birth certificates (vital records). The state 

identified participants in these data sources with a probabilistic match based on name, race, 

social security number, birthdate, and Medicaid ID. For each matched person, we identified the 

birth that was in gestation at the time of study enrollment as the birth record within 120 days of 

the expected due date they reported on the baseline survey.  

 

Outcomes  

We examined the impact of NFP on outcomes in four domains: quantity/intensity of prenatal 

care, receipt of guideline-based prenatal care services, use of specialist care during pregnancy, 

and pregnancy health. We measured all outcomes between the date of approximate last menstrual 

period and date of delivery (“the pregnancy period”). We calculated participants’ approximate 

date of last menstrual period, or the start of pregnancy, by subtracting the obstetric estimate of 

gestational age at delivery from the date of delivery, as reported in the birth certificate data. 

 

Prenatal care quantity/intensity 

NFP could impact the number of prenatal visits, or intensity of prenatal care, by encouraging 

clients to attend their prenatal visits and helping them overcome barriers to doing so, such as 
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arranging transportation or securing an appointment.17,18 We used two measures of prenatal care 

quantity from the birth certificate data: the number of prenatal visits, and whether they received 

adequate or adequate plus (“at least adequate”) prenatal care according to the Adequacy of 

Prenatal Care Utilization Index (APNCU; see Supplement for results within each APNCU 

category). The APNCU, a common measure of prenatal care utilization, is based on the person’s 

month of gestation at prenatal care initiation and the proportion of recommended prenatal visits 

they received.19  

 

We also used Medicaid claims to count the number of ultrasounds provided during pregnancy as 

a measure of the intensity of prenatal care services.  

 

Guideline-based prenatal care  

In addition to the intensity of prenatal care, NFP could impact whether their clients received 

recommended routine prenatal services. Nurses could educate people on these services, 

encourage them to follow through with that care, or request it if not offered.  

 

We measured whether participants received four services that are recommended by clinical 

guidelines.20 First, an anatomy scan ultrasound between 18-22 weeks of gestation to detect 

abnormalities and to more accurately measure gestational age.21,22 Second, a test to diagnose 

gestational diabetes between 24-28 weeks of gestation to ensure early management and 

prevention of complications.23 Third, vaccination against tetanus, diphtheria, and pertussis 

(Tdap) between 27-36 weeks of gestation to prevent maternal transmission of these illnesses and 

to facilitate neonatal antibody production.24 Fourth, testing for group B streptococcus infection 
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(GBS) between 35-38 weeks of gestation to prevent neonatal infection which can cause 

complications, including sepsis.25  

 

We measured these four guideline-based services in Medicaid clams (see Supplement for the 

billing codes used to identify each service). Care was only considered guideline-based if the 

claim for that service occurred within the gestational age window for which it is recommended 

(see Supplement for details of gestational age calculations). We therefore only evaluated these 

outcomes among pregnancies that reached the maximum recommended gestational age for each 

service (e.g., pregnancies lasting fewer than 36 weeks were not included in the analysis of Tdap 

vaccination). In a sensitivity analysis, we measured receipt of these services at any time during 

pregnancy using the full analytical sample (see Supplement).   

 

Specialist care during pregnancy 

The American College of Obstetricians and Gynecologists (ACOG) recommends at least one 

dental visit during pregnancy.26 South Carolina’s Medicaid program covered preventive dental 

care for pregnant people without a copayment. Since most study participants lost Medicaid 

eligibility after 60-days postpartum, pregnancy was an important time to take advantage of this 

benefit.27 NFP nurses could educate clients on the importance of dental care and help them 

identify a nearby provider that accepted Medicaid. We measured whether participants had any 

visit with a dentist during pregnancy using the Medicaid claims data. 

 

We also examined whether NFP impacted pregnant people’s likelihood of having any inpatient 

visit with a maternal fetal medicine (MFM) physician prior to delivery. For high-risk 
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pregnancies, which were common in our sample, an MFM consultation may be important for 

planning for a healthy labor and delivery.28 NFP nurses could refer clients with high-risk 

pregnancies to see an MFM specialist and assist them in accessing that care. We used the 

hospital discharge data to identify visits furnished by an MFM specialist.  

 

We also used the hospital discharge data to measure the number of emergency room visits during 

pregnancy, though we were unable to assess whether those visits were medically necessary. 

Nurses may help their clients decide whether symptoms require emergency care. Other work has 

found that expanded access to health care or insurance can increase utilization of emergency 

services, so it is important to understand whether receiving home visits leads to this 

externality.29,30    

 

Prenatal health 

NFP nurses’ prenatal counseling emphasized exercise, nutrition, and substance use. To evaluate 

whether NFP impacted these outcomes, we examined gestational weight gain and smoking 

cessation during pregnancy. Weight gain within the guidelines recommended by the National 

Academy of Medicine may be positively associated with birthweight, cesarean section, and 

postpartum body mass index.31–33 Smoking cessation at any point in pregnancy can prevent fetal 

growth restriction, placenta previa, low birthweight, and premature rupture of membranes.34   

 

We identified participants’ gestational weight gain using the birth certificate data, subtracting 

their weight at delivery from their weight prior to pregnancy. We then determined whether this 

weight gain was in the recommended range based on their pre-pregnancy BMI and number of 
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gestations. We measured smoking cessation among the subgroup of participants who reported 

any cigarette use in the three months prior to pregnancy on the baseline survey. We used birth 

certificate data to identify whether these participants smoked at any point during pregnancy.  

 

Statistical analysis  

We used an intent-to-treat approach to estimate the treatment effect of being randomized to 

receive NFP home visits. We regressed each outcome on an indicator for being randomized to 

the treatment group and a vector of prespecified baseline covariates to increase the precision of 

our estimates. We used linear probability models for binary outcomes and Poisson regressions 

with a log-link and robust standard errors for count outcomes (see Supplement for additional 

details). 

 

The analytical sample included all participants who matched to a birth certificate and a delivery 

record in the Medicaid claims data within 120 days of their expected delivery date. This sample 

definition allowed us to observe the outcomes, most of which are measured in Medicaid claims 

or birth certificates, for all included participants. As a sensitivity analysis, we calculated the 

treatment effects among all participants who matched to a birth certificate (see Supplement).  

 

We estimated treatment effects in two prespecified subgroups of the analytical sample. First, we 

examined a subgroup of participants who may be particularly vulnerable to challenges during 

pregnancy and parenthood, and who are often targeted by home visiting programs. This group 

included participants who were under 18 years old, had less than a high school education, 

presented with symptoms of depression (PHQ-2 score of 3 or greater), or reported having sought 
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mental health treatment in the last year. Second, we examined the subgroup of participants who 

self-identified as Black non-Hispanic; maternal and neonatal outcomes and prenatal care 

adequacy are worse among Black non-Hispanic people due to the impacts of interpersonal and 

structural racism.6,35–37  

 

We adjusted for multiple hypothesis testing with the Benjamini-Hochberg approach to 

controlling the false discovery rate at 5% within each of the four domains of outcomes.38  

 

Limitations  

Our study had several limitations. First, we expected loss to follow up due to miscarriage, 

stillbirth, and failures to match participants to administrative data sources. This loss to follow up 

was balanced across the treatment and control groups and our results are robust to different 

sample definitions (see Supplement). Second, there may have been measurement errors in our 

administrative data sources. It is possible that some services did not appear in Medicaid claims 

because they were provided but not billed to Medicaid (e.g., care received at free clinics). Prior 

research has found that some birth certificate fields may be unreliable, including underestimated 

pre-pregnancy weight and use of tobacco.39–43 In addition, the birth certificate data only captured 

smoking at any point during pregnancy rather than by trimester, which may deflate our measure 

of smoking cessation. However, these measurement errors should be balanced across the 

treatment and control group.   

 

Third, we did not measure patient-reported outcomes such as satisfaction with prenatal care, 

maternal wellbeing, or feelings of support and preparation for parenthood. Fourth, some 
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participants’ pregnancies were impacted by the COVID-19 pandemic; however, the stay-at-home 

order in mid-March 2020 was after the expected due dates for most of the sample (87%).  

 

Results  

 

Sample and Program Implementation  

We enrolled 5,670 eligible participants between April 1, 2016, and March 17, 2020. Two-thirds 

(N=3,806) were randomized to the treatment group and one-third to the control group (N=1,864). 

Loss to follow up due to withdrawal from the study or pregnancy loss was balanced across the 

treatment and control groups (5.0% in each group). We excluded participants that had a fetal 

death vital record or did not match to a birth certificate and a birth record in the Medicaid claims 

(16.4% of treatment group vs. 15.1% of control group, p=0.294). The analytical sample included 

4,522 births (N=3,019 in treatment and N=1,503 in control group). The baseline characteristics 

of participants who matched to the analytical sample were similar to those who did not. See 

Supplement for additional details on attrition.    

 

Participants in our analytical sample were predominately under age 25 (73.6% ages 15-24) 

(Table 2.1; see Supplement for details on the full study sample). Over half identified as Black 

non-Hispanic (55.5%) and one-third identified as White non-Hispanic (34.3%). Prior to trial 

enrollment, most participated in at least one social service program such as WIC or TANF 

(66.1%) and 17.5% experienced housing insecurity. Many participants lived with their parents 

(45.2%) and most (79.6%) interacted daily with the father of their child. At the time of the 

baseline survey, over two-thirds of participants presented with high stress (64.9%), nearly 1 in 5 

had symptoms of depression (18.8%), and one quarter reported smoking cigarettes in the three 
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months prior to pregnancy (26.7%). One third of participants had a pre-pregnancy body mass 

index that classified them as obese (31.9%), and half reported using the emergency room in the 

six months prior to enrollment (51.9%). All baseline characteristics were balanced across the 

treatment and control groups (Table 2.1).    

Table 2.1. Characteristics of the Analytical Sample & Balance Across Treatment Groups   
Full 

Sample 

(N=4,522) 

Control 

Group 

(N=3,019) 

Treatment 

Group 

(N=1,503) 

Age at trial enrollment 
 

   
15-18 years 18.6% 18.1% 18.8%  
19-24 years 54.9% 55.5% 54.6%  
25-34 years 24.1% 24.8% 23.8%  
35-44 years 2.3% 1.6% 2.7% 

Race/Ethnicity 
 

   
Black non-Hispanic 55.5% 55.8% 55.3%  
White non-Hispanic 34.3% 34.0% 34.4%  
Hispanic 5.9% 6.4% 5.7%  
Asian, multiracial, or other 4.3% 3.7% 4.6% 

Educational Attainment 
 

   
Less than high school diploma 22.9% 22.3% 23.2%  
High school diploma or equivalent 35.8% 34.5% 36.4%  
Some college, less than bachelor's degree 33.9% 35.7% 32.9%  
Bachelor's degree or higher 7.0% 7.1% 7.0% 

Socioeconomic Characteristics 
 

   
Working for pay 52.2% 52.0% 52.3%  
Receiving one or more social service programs1 65.1% 66.1% 64.7%  
Housing Insecurity2 16.9% 17.5% 16.7%  
Food Insecurity3 36.6% 34.8% 37.5%  
Currently lives with parents 44.0% 45.2% 43.4%  
Sees father of child daily  79.2% 79.6% 79.0% 

Mental Health and Substance Use  
 

   
Depressive symptoms4 19.2% 18.8% 19.3%  
Received mental health treatment in last year 13.4% 13.0% 13.5%  
Experiencing high stress5 65.0% 64.9% 65.1% 

 Reported smoking cigarettes in 3 months pre-pregnancy 25.7% 26.7% 25.1% 

 Reported drinking alcohol in 3 months pre-pregnancy 49.9% 50.6% 49.6% 

Body Mass Index (BMI) Pre-Pregnancy 
 

   
Underweight (< 18.5) 5.4% 5.4% 5.5%  
Healthy weight (18.5 - 24.9) 36.5% 37.5% 36.0%  
Overweight (25 - 29.9) 21.4% 21.2% 21.5%  
Obese (≥ 30.0) 33.3% 31.9% 34.0% 

Other Pre-Pregnancy Health 
 

   
Self-reported health as fair/poor 12.1% 10.9% 12.6%  
Obtained care at emergency room in past six months 51.3% 51.9% 51.0% 

Family planning 
 

   
Has access to family planning or birth control 55.6% 55.2% 55.8%  
Reports a desire for more children in the future 67.3% 67.7% 67.0% 

Pregnancy characteristics at baseline    

 Received at least one prenatal care visit before enrollment  83.1% 82.6% 83.4% 

 Gestational age at trial enrollment (weeks) 14.7 14.5 14.8 
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Table 2.1 (Continued) Characteristics of the Analytical Sample & Balance Across Treatment 

Groups 

Notes 

1. Social services include TANF, SNAP, SSI, WIC or unemployment benefits. 

2. Housing insecurity is defined as having moved two or more times in the previous twelve months. 

3. Food insecurity is defined as reporting at least sometimes worrying that food will run out or running out of food and not 

having money to obtain more.  

4. Depressive symptoms are defined as scoring a 3 or higher on the Patient Health Questionnaire-2 (PHQ-2).  

5. High stress is defined as scoring a 4 or higher on the Perceived Stress Scale 4 (PSS-4).  

 

Table 2.2. Table of program participation details 

Panel A: Participation of study participants in non-NFP home visiting programs 

 
Treatment 

(N=3,019) 

Control 

(N=1,503) 

Participation in non-NFP home visiting programs 0.8% 1.4% 

Participation in group prenatal care 8.9% 8.9% 

Panel B: Treatment group participation in NFP  

Encounters   

Received at least one home visit 98.3%  

Received visits to birth2 78.5%  

Number of visits in the prenatal period3 9.4  

Duration of visit (minutes) 3 70.1  

Telehealth visits (phone or video conference)   

Received at least one telehealth visit 28.2%  

Average share of total visits conducted via telehealth3 4.4%  

Share of visits spent on program domains3   

Personal health (nutrition, exercise, substance use, mental health) 39.5%  

Maternal role (anticipatory guidance for delivery and early parenting) 22.8%  

Life course topics (family planning, education, employment) 12.6%  

Topics covering friends and family (building healthy relationships) 12.8%  

Environment (safe home environment for children)  12.6%  

Referrals during pregnancy4   

Financial support (TANF, SNAP, unemployment) 19.8%  

Education services or job training 10.8%  

General support (housing, transport, legal, CPS, etc.)  25.2%  

Health insurance 9.0%  

Dental care  8.1%  

Smoking cessation support 3.2%  

Prenatal care 13.1%  

Other health care (primary or specialist care) 5.0%  

Drug or alcohol abuse care  0.2%  

Notes 

1. Program metrics are for the prenatal period only.  

2. Receiving visits until birth is defined as receiving a home visit within 14 days of the index birth or expected delivery date.  

3. See Supplement for additional detail and summary statistics by subgroup 

4. NFP referrals statistics show the percent of treatment group mothers who received a specific type of referral 
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The average gestational age at the time of enrollment was 14.5 weeks, and most participants 

(82.6%) already had at least one prenatal visit (Table 2.1). Nearly all participants randomized to 

the treatment group received at least one home visit (98.3%) and most continued regular home 

visits until their birth (78.5%). On average, participants in the treatment group had 9.4 visits over 

the course of pregnancy and each visit lasted 70 minutes (Table 2.2). Visit characteristics were 

similar across the subgroups examined (Supplement). Only 1 control group participant received 

home visits through NFP and 21 (1.4%) joined another home visiting program funded by 

MIECHV.  

 

During the visits, nurses focused primarily on personal health (39.5% of total visit time) and 

anticipatory guidance for delivery and parenting (22.8%). Some treatment group participants 

received referrals to social services and health care: 8.1% were referred to a dentist, 3.2% to 

smoking cessation support (10.9% of those who reported smoking at bassline), and 13.1% to 

prenatal care. We cannot observe whether referrals involved simply providing the client with 

relevant information or helping them apply for services and make appointments.   

 

Treatment effects 

Utilization of prenatal care was high: over 80% of the control group had at least adequate 

prenatal care, with 13 visits on average (Table 2.3). Despite this utilization, there were gaps in 

receipt of timely guideline-based care. For example, only 57.7% of the control group had a 

timely gestational diabetes test and only 1 in 3 (32.8%) received a timely Tdap vaccination. Few 

control group participants saw a dentist (18.0%) or a maternal fetal medicine specialist (7.5%). 

On average, they visited the emergency room twice during pregnancy. Only one quarter of 
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control group participants gained the recommended amount of weight during their pregnancy, 

and 2 in 3 who smoked pre-pregnancy ceased smoking during pregnancy. 

Table 2.3. Estimated Treatment Effects in Full Analytical Sample 

  

Samp-

le Size 

Cont-

rol 

Group 

Mean 

Treatm-

ent 

Group 

Mean 

Adjusted Treatment 

Effect (95% CI)1 FDR 

Sharpened Q-

Value2   Percent-

age Points 

Multiplica-

tive Change 

in Count 

Prenatal care quantity/intensity       

 At least adequate prenatal care 4522 81.2% 75.0% 
-0.95 

(-3.4, 1.5) 
 0.719 

 Number of prenatal visits 4522 13.1 12.2  
1.01 

(1.0, 1.0) 
0.719 

 Number of prenatal ultrasounds 4522 4.2 4.0  
1.00 

(1.0, 1.1) 
0.944 

Guideline-based prenatal care3       

 Anatomy scan ultrasound  

(18-22 weeks) 
4522 74.4% 69.9% 

0.21 

(-2.5, 2.9) 
 0.911 

 Gestational diabetes test  

(24-28 weeks) 
4468 57.7% 53.3% 

-0.18 

(-3.3, 2.9) 
 0.911 

 Tdap vaccination  

(27-36 weeks) 
4020 32.8% 31.0% 

0.67 

(-2.4, 3.8) 
 0.911 

 Group B streptococcus test  

(35-37 weeks) 
2664 68.0% 59.4% 

-4.39 

(-8.2, -

0.5) 

 0.103 

Specialist care during pregnancy        

 Dental visit during pregnancy 4522 18.0% 18.7% 
2.27 

(-0.2, 4.7) 
 0.208 

 Maternal fetal medicine (MFM) visit 4522 7.5% 8.4% 
0.96 

(-0.7, 2.7) 
 0.399 

 Number of emergency room visits 4522 2.0 2.0  
1.02 

(0.9, 1.1) 
0.596 

Prenatal health       

 
Recommended gestational weight 

gain 
4522 25.3% 23.5% 

-0.04 

(-2.7, 2.6) 
 0.975 

 Smoking cessation during pregnancy4 1158 66.3% 68.4% 
0.11 

(-5.6, 5.8) 
 0.975 

Notes  

1. The treatment effect and 95% confidence intervals are intent-to-treat regression estimates controlling for a prespecified vector 

of baseline covariates (see Supplement). All outcomes are modeled as linear probability models except for the count 

outcomes (number of prenatal visits, prenatal ultrasounds, and emergency room visits) which are modeled using Poisson 

regressions with a log-link and robust standard errors.  
2. We use a Benjamini-Hochberg approach to controlling the false discovery rate at 5% within each of these four outcome 

domains.  
3. Each guideline-based service is only measured among participants who reach the maximum end of the gestational window 

recommended for that service. Results without the gestational age constraint are found in the Supplement.   
Smoking cessation only measured among participants who reported smoking in the three months prior to pregnancy on the 

baseline survey prior to randomization. 

 

We found no statistically significant improvements in any of the outcomes examined among 

treatment group participants, before or after adjusting for multiple hypothesis tests (Table 2.3). 
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We measured a statistically significant reduction in timely group B streptococcus tests (-4.4 

percentage points, 95% CI [-8.2, -0.5]); this did not remain statistically significant after adjusting 

for multiple hypothesis tests. Our sensitivity analysis among all participants that matched to a 

birth certificate yielded qualitatively similar results (see Supplement). 

 

Subgroup analyses  

We also examined treatment effects in two subgroups, those vulnerable to challenges during 

pregnancy and early parenting due to mental health or age (N=2,120), and Black non-Hispanic 

participants (N=2,354). The control group means for most outcomes were similar between these 

subgroups and the full analytical sample (see Supplement). Those in the vulnerable subgroup 

were more likely to visit the dentist (22.1% vs. 13.7% among non-vulnerable, p<0.001), more 

likely to have a timely anatomy scan ultrasound (73.6% vs. 69.2%, p=0.043), and had more 

emergency room visits (2.3 vs 1.8, p<0.001). Black non-Hispanic participants ceased smoking at 

higher rates (80.9% among Black non-Hispanic vs. 57.7% among not Black non-Hispanic, 

p<0.001), were less likely to receive a Tdap vaccination (28.1% vs. 34.9%, p=0.006), and had 

more prenatal ultrasounds (4.4. vs 3.8, p<0.001) and emergency room visits (2.2 vs. 1.9, 

p=0.007).  

 

We found no statistically significant effects of NFP on the outcomes examined in either of these 

subgroups (Figure 2.1).    
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Figure 2.1. Estimated Treatment Effects by Subgroup 

 
Notes 

1. The vulnerable subgroup (N=2,120) includes participants who were under 18 years old, had less than a high 

school education, presented with symptoms of depression (PHQ-2 score of 3 or greater), or reported having 

sought mental health treatment in the last year. The Black non-Hispanic subgroup (N=2,354) includes 

individuals who identified as Black non-Hispanic on the baseline survey  

2. The treatment effect and 95% confidence intervals are intent-to-treat regression estimates controlling for a 

prespecified vector of baseline covariates (see Supplement). All outcomes are modeled as linear probability 

models except for the count outcomes (number of prenatal visits, prenatal ultrasounds, and emergency room 

visits) which are modeled using Poisson regressions with a log-link and robust standard errors. See the 

Supplement for the full model results and FDR-sharpened q-values.  

3. Each guideline-based service is only measured among participants who reach the maximum end of the 

gestational window recommended for that service. Results without the gestational age constraint are found in 

the Supplement. 

4. Smoking cessation only measured among participants who reported smoking in the three months prior to 

pregnancy on the baseline survey prior to randomization.  
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Discussion 

 

We found no statistically significant improvement in quantity or quality of prenatal care, 

utilization of specialist care, or prenatal health among pregnant people randomized to receive 

nurse home visits. These findings were consistent in the subgroup of participants traditionally 

targeted by home visiting programs due to their vulnerabilities, and among Black non-Hispanic 

participants.  

 

Our findings are consistent with prior trials of NFP, which found no impact on the number of 

prenatal visits, prenatal care adequacy, or emergency room visits.7–11 Recent trials also found no 

impact on rates of smoking during pregnancy, though one found a decrease in the number of 

cigarettes smoked.11,13,44 We are not aware of other studies that examined the impact of NFP or 

other prenatal home visiting programs on guideline-based prenatal care or utilization of other 

prenatal care services.  

 

NFP may have had countervailing impacts on prenatal care utilization: encouraging use of 

office-based care for some and substituting for that care among others. Our null findings for 

prenatal visits and adequacy could be explained by these competing dynamics. However, the 

high levels of baseline prenatal care utilization in the control group suggest that it would have 

been difficult for NFP to significantly increase use of these services.  

 

Despite this high engagement with office-based prenatal care, many study participants did not 

receive the guideline-based prenatal care services we examined. Rates of these services were 

substantially lower in this population compared to a commercially insured population (e.g., 58% 
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vs. 80% for a gestational diabetes test and 33% vs. 63% for Tdap vaccination, respectively).20 

Though there was room for improvement, NFP did not increase utilization of guideline-based 

care. NFP operates outside of the health care system, which may limit its influence over clinical 

decisions. The clinician, rather than the patient or their support system, may be a stronger 

determinant of receipt of specific clinical services.45,46 

 

NFP also did not impact use of specialist care. NFP nurses may have hesitated to refer clients to 

needed specialists if they were difficult to access.6 Indeed, only 8.1% of NFP clients were 

referred to dental care, and Medicaid enrollees nationwide report challenges finding dentists who 

accept their insurance.47 Similarly, nearly all MFM specialists practice in urban areas and, in 

2010, there were only 3 MFMs per 1,000 live births in South Carolina.48 We hypothesized that 

NFP nurses would help clients triage symptoms to the appropriate level of medical care, but we 

found no impact on the high rates of emergency room visits. This could be because clients did 

not rely on their nurses for triage or because substitutes for the emergency room were not 

available (e.g., urgent care).49 

 

Though NFP nurses can counsel clients on prenatal exercise, nutrition, and substance use, we did 

not find that this translated into improvements in gestational weight gain or smoking cessation. 

Prenatal smoking cessation may require more intensive interventions than counseling provided 

by NFP nurses (e.g., financial incentives or biofeedback).50,51 Still, only 1 in 10 treatment group 

participants who smoked at baseline was referred to smoking cessation services. Clients may 

face barriers to healthy diet and exercise that the program cannot address, including limited 
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access to healthy foods and areas for exercise.52,53 Control over one’s diet may also be 

challenging for the nearly half of the sample that lives with their parents.  

 

Taken together, two primary mechanisms likely drove our results. First, the NFP services may 

have not been effective or appropriately tailored to clients’ needs. Second, home visits alone 

cannot overcome the structural determinants of health. It is possible that home visits that are 

more integrated with clinical care or that more explicitly acknowledge and address systemic 

barriers to care could be effective in improving outcomes.54 However, these structural forces, a 

result of centuries of institutional racism, also require systems-level solutions.6,37 Focusing on 

individual behaviors and self-efficacy is insufficient and may place the onus of change on the 

individual rather than on the policy and public health landscape around them.5,6,37,55,44,45  

 

Conclusion 

 

There is significant room for improvement in use of guideline-based prenatal care, use of 

appropriate specialist services, and pregnancy health in this population of low-income and 

minoritized pregnant people in South Carolina. Receiving home visits with a registered nurse did 

not improve these outcomes, many of which are shaped by larger structural and social 

determinants of health. Interventions that address the determinants of health beyond an 

individual’s control may be more effective in improving prenatal health and prenatal care 

quality.  

 

  



 

 50 

References  
 

1.  Dubay L, Hill I, Garrett B, et al. Improving Birth Outcomes and Lowering Costs for 

Women on Medicaid: Impacts of ‘Strong Start for Mothers and Newborns.’ Health Affairs. 

2020;39(6):1042-1050. doi:10.1377/hlthaff.2019.01042 

2.  Health Resources and Service Administration. The Maternal, Infant, and Early 

Childhood Home Visiting Program.; 2021:5. Accessed September 16, 2021. 

https://mchb.hrsa.gov/sites/default/files/mchb/MaternalChildHealthInitiatives/HomeVisiting/pdf/

programbrief.pdf 

3.  Nurse Familiy Partnership. Nurse Family Partnership: Annual Report 2020. Nurse-

Family Partnership. Accessed February 25, 2022. 

https://www.nursefamilypartnership.org/about/annual-report-2020/ 

4.  Landy CK, Jack SM, Wahoush O, Sheehan D, MacMillan HL. Mothers’ experiences in 

the Nurse-Family Partnership program: a qualitative case study. BMC Nurs. 2012;11:15. 

doi:10.1186/1472-6955-11-15 

5.  Hardeman RR, Karbeah J. Examining racism in health services research: A disciplinary 

self‐critique. Health Serv Res. 2020;55(S2):777-780. doi:10.1111/1475-6773.13558 

6.  Crear-Perry J, Correa-de-Araujo R, Lewis Johnson T, McLemore MR, Neilson E, 

Wallace M. Social and Structural Determinants of Health Inequities in Maternal Health. Journal 

of Women’s Health. 2021;30(2):230-235. doi:10.1089/jwh.2020.8882 

7.  Kitzman H, Olds DL, Henderson CR, et al. Effect of Prenatal and Infancy Home 

Visitation by Nurses on Pregnancy Outcomes, Childhood Injuries, and Repeated Childbearing: A 

Randomized Controlled Trial. JAMA. 1997;278(8):644-652. 

doi:10.1001/jama.1997.03550080054039 



 

 51 

8.  Olds DL, Henderson CR, Tatelbaum R, Chamberlin R. Improving the life-course 

development of socially disadvantaged mothers: a randomized trial of nurse home visitation. Am 

J Public Health. 1988;78(11):1436-1445. 

9.  Julnes G, Konefal M, Pindur W, Kim P. Community-based perinatal care for 

disadvantaged adolescents: evaluation of The Resource Mothers Program. J Community Health. 

1994;19(1):41-53. doi:10.1007/BF02260520 

10.  Koniak-Griffin D, Anderson NL, Verzemnieks I, Brecht ML. A public health nursing 

early intervention program for adolescent mothers: outcomes from pregnancy through 6 weeks 

postpartum. Nurs Res. 2000;49(3):130-138. doi:10.1097/00006199-200005000-00003 

11.  Lee H, Crowne SS, Estarziau M, et al. The Effects of Home Visiting on Prenatal Health, 

Birth Outcomes, and Health Care Use in the First Year of Life: Final Implementation and 

Impact Findings from the Mother and Infant Home Visiting Program Evaluation-Strong Start.; 

2019:309. 

12.  Olds DL, Henderson CR, Tatelbaum R, Chamberlin R. Improving the Delivery of 

Prenatal Care and Outcomes of Pregnancy: A Randomized Trial of Nurse Home Visitation. 

Pediatrics. 1986;77(1):16. 

13.  Robling M, Bekkers MJ, Bell K, et al. Effectiveness of a nurse-led intensive home-

visitation programme for first-time teenage mothers (Building Blocks): a pragmatic randomised 

controlled trial. The Lancet. 2016;387(10014):146-155. doi:10.1016/S0140-6736(15)00392-X 

14.  McConnell MA, Zhou RA, Martin MW, et al. Protocol for a randomized controlled trial 

evaluating the impact of the Nurse-Family Partnership’s home visiting program in South 

Carolina on maternal and child health outcomes. Trials. 2020;21. doi:10.1186/s13063-020-

04916-9 



 

 52 

15.  McConnell M, Bates MA, Baicker K, Zhou RA, Woodford MM. Randomized Evaluation 

of the Nurse Family Partnership in South Carolina. AEA RCT Registry. Published January 20, 

2021. https://doi.org/10.1257/rct.1039-6.0 

16.  McConnell M. Nurse-Family Partnership Impact Evaluation in South Carolina. 

ClinicalTrials.gov. Published February 13, 2020. Accessed August 17, 2020. 

https://clinicaltrials.gov/ct2/show/NCT03360539 

17.  Braveman P. Barriers to timely prenatal care among women with insurance: the 

importance of prepregnancy factors. Obstetrics & Gynecology. 2000;95(6):874-880. 

doi:10.1016/S0029-7844(00)00780-8 

18.  Reid CN, Fryer K, Cabral N, Marshall J. Health care system barriers and facilitators to 

early prenatal care among diverse women in Florida. Birth. 2021;48(3):416-427. 

doi:10.1111/birt.12551 

19.  Alexander GR, Kotelchuck M. Quantifying the adequacy of prenatal care: a comparison 

of indices. Public Health Rep. 1996;111(5):408-419. 

20.  Gourevitch RA, Natwick T, Chaisson CE, Amber WEISETH, Shah NT. Variation in 

Guideline-Based Prenatal Care in a Commercially Insured Population. American Journal of 

Obstetrics and Gynecology. 2022;226(413):e1-19. doi:10.1016/j.ajog.2021.09.038 

21.  American Academy of Pediatrics, American College of Obstetricians and Gynecologists, 

eds. Guidelines for Perinatal Care. 7th ed. American Academy of Pediatrics ; American College 

of Obstetricians and Gynecologists; 2012. 

22.  Salomon LJ, Alfirevic Z, Berghella V, et al. Practice guidelines for performance of the 

routine mid-trimester fetal ultrasound scan. Ultrasound Obstet Gynecol. 2011;37(1):116-126. 

doi:10.1002/uog.8831 



 

 53 

23.  Recommendation: Gestational Diabetes Mellitus, Screening | United States Preventive 

Services Taskforce. Accessed August 25, 2020. 

https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/gestational-diabetes-

mellitus-screening 

24.  Centers for Disease Control and Prevention. Summary of Pertussis Vaccination 

Recommendations. Published January 22, 2020. Accessed August 25, 2020. 

https://www.cdc.gov/vaccines/vpd/pertussis/recs-summary.html 

25.  Centers for Disease Control and Prevention. Group B Strep. Published June 11, 2020. 

Accessed August 25, 2020. https://www.cdc.gov/groupbstrep/index.html 

26.  American College of Obstetricians and Gynecologists. Oral Health Care During 

Pregnancy and Through the Lifespan.; 2013:6. 

27.  South Carolina Department of Health and Human Services. Dental Services Provider 

Manual.; 2019. Accessed August 19, 2020. 

https://provider.scdhhs.gov/internet/pdf/manuals/dental/Manual.pdf 

28.  Society for Maternal Fetal Medicine. What Do MFMs Do? Accessed August 19, 2020. 

https://www.smfm.org/whatwedo 

29.  Kaestner R, Sasso ATL. Does seeing the doctor more often keep you out of the hospital? 

Journal of Health Economics. 2015;39:259-272. doi:10.1016/j.jhealeco.2014.08.003 

30.  Finkelstein AN, Taubman SL, Allen HL, Wright BJ, Baicker K. Effect of Medicaid 

Coverage on ED Use — Further Evidence from Oregon’s Experiment. N Engl J Med. 

2016;375(16):1505-1507. doi:10.1056/NEJMp1609533 



 

 54 

31.  Voerman E, Santos S, Inskip H, et al. Association of Gestational Weight Gain with 

Adverse Maternal and Infant Outcomes. JAMA. 2019;321(17):1702-1715. 

doi:10.1001/jama.2019.3820 

32.  Siega-Riz AM, Bodnar LM, Stotland NE, Stang J. The Current Understanding of 

Gestational Weight Gain Among Women with Obesity and the Need for Future Research. NAM 

Perspectives. Published online January 6, 2020. doi:10.31478/202001a 

33.  Hutchins F, Krafty R, El Khoudary SR, et al. Gestational Weight Gain and Long-term 

Maternal Obesity Risk: A Multiple-Bias Analysis. Epidemiology. 2021;32(2):248-258. 

doi:10.1097/EDE.0000000000001310 

34.  American College of Obstetricians and Gynecologists. Tobacco and Nicotine Cessation 

During Pregnancy.; 2017:9. 

35.  Megibow E, Gwam P, Godbolt D, Powell A, Crear-Perry J. Evidence-Informed and 

Community- Based Recommendations for Improving Black Maternal Health. :14. 

36.  Wallace M, Crear-Perry J, Richardson L, Tarver M, Theall K. Separate and unequal: 

Structural racism and infant mortality in the US. Health & Place. 2017;45:140-144. 

doi:10.1016/j.healthplace.2017.03.012 

37.  Scott KA, Britton L, McLemore MR. The Ethics of Perinatal Care for Black Women: 

Dismantling the Structural Racism in “Mother Blame” Narratives. The Journal of Perinatal & 

Neonatal Nursing. 2019;33(2):108-115. doi:10.1097/JPN.0000000000000394 

38.  Benjamini Y, Krieger AM, Yekutieli D. Adaptive linear step-up procedures that control 

the false discovery rate. Biometrika. 2006;93(3):491-507. doi:10.1093/biomet/93.3.491 

39.  Howland RE, Mulready-Ward C, Madsen AM, et al. Reliability of Reported Maternal 

Smoking: Comparing the Birth Certificate to Maternal Worksheets and Prenatal and Hospital 



 

 55 

Medical Records, New York City and Vermont, 2009. Matern Child Health J. 2015;19(9):1916-

1924. doi:10.1007/s10995-015-1722-1 

40.  Tong VT, Dietz PM, Farr SL, D’Angelo DV, England LJ. Estimates of Smoking before 

and during Pregnancy, and Smoking Cessation during Pregnancy: Comparing Two Population-

Based Data Sources. Public Health Rep. 2013;128(3):179-188. 

doi:10.1177/003335491312800308 

41.  Headen I, Cohen AK, Mujahid M, Abrams B. The accuracy of self-reported pregnancy-

related weight: a systematic review: Accuracy of self-reported pregnancy-related weight. Obesity 

Reviews. 2017;18(3):350-369. doi:10.1111/obr.12486 

42.  Bodnar LM, Abrams B, Bertolet M, et al. Validity of Birth Certificate-Derived Maternal 

Weight Data: Validity of maternal weight data. Paediatr Perinat Epidemiol. 2014;28(3):203-

212. doi:10.1111/ppe.12120 

43.  Wright CS, Weiner M, Localio R, Song L, Chen P, Rubin D. Misreport of Gestational 

Weight Gain (GWG) in Birth Certificate Data. Matern Child Health J. 2012;16(1):197-202. 

doi:10.1007/s10995-010-0724-2 

44.  Catherine NLA, Boyle M, Zheng Y, et al. Nurse home visiting and prenatal substance use 

in a socioeconomically disadvantaged population in British Columbia: analysis of prenatal 

secondary outcomes in an ongoing randomized controlled trial. cmajo. 2020;8(4):E667-E675. 

doi:10.9778/cmajo.20200063 

45.  Kozhimannil KB, Law MR, Virnig BA. Cesarean Delivery Rates Vary Tenfold Among 

US Hospitals; Reducing Variation May Address Quality And Cost Issues. Health Affairs. 

2013;32(3):527-535. doi:10.1377/hlthaff.2012.1030 



 

 56 

46.  Schwartz AL, Jena AB, Zaslavsky AM, McWilliams JM. Analysis of Physician Variation 

in Provision of Low-Value Services. JAMA Internal Medicine. 2019;179(1):16-25. 

doi:10.1001/jamainternmed.2018.5086 

47.  Medicaid and CHIP Payment and Access Commission. Medicaid Coverage of Dental 

Benefits for Adults. Published online June 2015:31. 

48.  Rayburn W, Klagholz J, Elwell E, Strunk A. Maternal-Fetal Medicine Workforce in the 

United States. Amer J Perinatol. 2012;29(09):741-746. doi:10.1055/s-0032-1316445 

49.  Allen L, Cummings JR, Hockenberry J. Urgent Care Centers and the Demand for Non-

Emergent Emergency Department Visits. National Bureau of Economic Research; 2019. 

doi:10.3386/w25428 

50.  Chamberlain C, O’Mara‐Eves A, Porter J, et al. Psychosocial interventions for supporting 

women to stop smoking in pregnancy. Cochrane Database of Systematic Reviews. 2017;(2). 

doi:10.1002/14651858.CD001055.pub5 

51.  Diamanti A, Papadakis S, Schoretsaniti S, et al. Smoking cessation in pregnancy: An 

update for maternity care practitioners. Tob Induc Dis. 2019;17:57. doi:10.18332/tid/109906 

52.  Cantor J, Beckman R, Collins RL, Dastidar MG, Richardson AS, Dubowitz T. SNAP 

Participants Improved Food Security And Diet After A Full-Service Supermarket Opened In An 

Urban Food Desert. Health Affairs. 2020;39(8):1386-1394. doi:10.1377/hlthaff.2019.01309 

53.  Stasi S, Spengler J, Maddock J, McKyer L, Clark H. Increasing Access to Physical 

Activity Within Low Income and Diverse Communities: A Systematic Review. Am J Health 

Promot. 2019;33(6):933-940. doi:10.1177/0890117119832257 

54.  Lewy D. Addressing Racial and Ethnic Disparities in Maternal and Child Health Through 

Home Visiting Programs. :19. 



 

 57 

55.  Chambers BD, Arega HA, Arabia SE, et al. Black Women’s Perspectives on Structural 

Racism across the Reproductive Lifespan: A Conceptual Framework for Measurement 

Development. Matern Child Health J. 2021;25(3):402-413. doi:10.1007/s10995-020-03074-3 

56.  Kuklina EV, Whiteman MK, Hillis SD, et al. An Enhanced Method for Identifying 

Obstetric Deliveries: Implications for Estimating Maternal Morbidity. Maternal and Child 

Health Journal. 2008;12:469-47



 

 58 

 

Chapter 3: The Role of Federally Qualified Health Centers in Improving Access to 

Prenatal Care and Birth Outcomes  

 

 

 

 

 

  



 

 59 

Abstract 

 

Increasing access to affordable pre-conception and prenatal care can improve maternal and child 

health outcomes. Federally Qualified Health Centers (FQHCs) provide affordable health care to 

low-income individuals, including nearly 1 in 10 pregnant people. We studied whether the 

expansion of FQHCs between 2011-2016 improved early prenatal care initiation, low birth 

weight, and preterm birth among Medicaid-covered individuals in California. We used a 

synthetic control approach to compare areas that received their first FQHC early in the study 

period to areas that received it later, or that never had an FQHC. We used the Health Resources 

and Services Administration’s Uniform Data System to identify treated areas and measured the 

outcomes in California vital records data. We found no statistically significant impact on the 

three primary outcomes, and no evidence that this result is driven by demographic changes in the 

birthing population. This result suggests that access to primary and prenatal care may not be 

sufficient for improving these outcomes at the population level. More targeted strategies may be 

needed to improve access to high-quality outpatient care for pregnant individuals.   
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Introduction 

 

The United States lags peer countries and national targets in maternal and child health outcomes 

like preterm birth and low birth weight.1–3 Infants born preterm or with low birth weight face 

elevated risk of infant death, developmental, cognitive, and behavioral challenges, and worse 

educational and economic outcomes later in life.4–9 Centuries of structural racism drive 

disparities in these outcomes. In 2019, 9.3% of non-Hispanic White births were preterm, 

compared to 14.4% of non-Hispanic Black births and 10.0% of Hispanic births.1  

 

Access to prenatal care anchors approaches to improving these outcomes.10 Receiving prenatal 

care early in pregnancy helps to identify and manage complications, provides pregnant people 

with resources for support, and improves neonatal outcomes.11,12 Nearly all pregnant people in 

the United States receive some prenatal care. However, in 2016, late (beginning in the third 

trimester) or no prenatal care preceded 6% of all births, 9% of Medicaid-covered births, and 20% 

of births to uninsured individuals.13 Among non-Hispanic White pregnant people, 5% had late or 

no prenatal care, compared to 10% of non-Hispanic Black pregnant people and 8% of Hispanic 

pregnant people.1  

 

More evidence is needed on whether expanding the availability of outpatient care improves early 

initiation of prenatal care and birth outcomes. Prior work has shown that receiving pre-

conception health care is associated with early prenatal care initiation.14–16 People living in areas 

with a higher density of obstetrician-gynecologists and hospital-based obstetric care experience 

better prenatal care access and birth outcomes.16,17 However, it is unclear whether expanding 

access to outpatient care improves outcomes. Such expansions are part of state and federal 
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strategies targeting these outcomes, alongside investments in the social determinants of health.18–

21 Experts recommend targeted investments in community-based organizations and clinics that 

are positioned to meet the diverse needs of local communities.22,23 

 

Federally Qualified Health Centers (FQHCs) can be key partners. These non-profit clinics 

provide free or low-cost, culturally-tailored care to low-income patients. The federal government 

supports FQHCs with financial and programmatic resources. In addition to a wide range of 

health care services, these centers provide non-clinical services such as language interpretation, 

transportation, and health education.24 In 2020, over 12,000 FQHC sites across the country cared 

for more than 28.6 million patients.25 FQHCs serve nearly one-third of all low-income women of 

reproductive age.26 They also serve 8% of all pregnant people nationwide, and a higher 

proportion from minoritized groups: 18% of Hispanic and 10% of Black non-Hispanic pregnant 

people.25 About two-thirds of FQHC clinic networks include a site that provides prenatal care 

directly, and the rest refer patients to other clinics.  

 

New or existing eligible clinics can apply to the Health Resources and Services Administration 

(HRSA) for FQHC certification. Due to limited funding, not all eligible clinics become FQHCs. 

HRSA prioritizes eligible applicants based on the needs of their communities and their 

demonstrated ability to meet those needs. The number of FQHC clinic sites and patients served 

grew 33% from 2010 to 2016, thanks to funding increases in the Affordable Care Act.27 We 

leverage this growth in FQHC sites to study whether the geographic expansion of pre-conception 

and prenatal care improves outcomes. Specifically, we study whether the introduction of an 
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FQHC improves early initiation of prenatal care, low birth weight, and preterm birth among 

births covered by Medicaid in California. 

 

Figure 3.1. Mechanisms of FQHC Impact on Prenatal Care and Birth Outcomes 

 

 
 

FQHCs may impact these outcomes via several mechanisms (Figure 3.1). Patients in areas 

served by FQHCs are more likely to report having a usual source of primary care than patients in 

areas without FQHC access.28–32 One study found that this translated into mortality reductions 

following the expansion of FQHCs.33 Having a usual source of primary care enables better 

management of chronic health conditions, like hypertension or diabetes, and, in turn, reduces the 

risk of pregnancy complications and adverse birth outcomes.14,15 Patients connected to a clinic 

may obtain a pregnancy test there, leading to earlier identification of the pregnancy and initiation 

of prenatal care.11,14,34,35 FQHCs improve access to highly effective contraception, which can 
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decrease rates of unintended pregnancy.36–38 Unintended pregnancy is associated with later 

initiation of prenatal care and worse birth outcomes.11,39  

 

Features of the care provided at FQHCs may reduce obstacles to initiating prenatal care, which 

include inflexible work or school schedules, inconvenient locations, inaccessible transportation, 

cost, language barriers, and racism or discrimination by clinic staff or providers.11,35,40,41  FQHCs 

are located near their patient population, often provide transportation services, and have more 

convenient hours.24,42 Care at FQHCs is free or low-cost. The clinics provide language 

translation services and benefit from programs that create a diverse workforce to match their 

patient population’s demographic profile.43 These features may decrease barriers to prenatal care 

and improve birth outcomes.44,45 

 

Methods  

 

We conducted a synthetic control analysis to measure the impact of the first FQHC presence in 

an area on prenatal care and birth outcomes in California between 2007 and 2019. We analyzed 

Primary Care Service Areas (PCSAs), a geographic market definition for primary care based on 

Medicare claims data.46,47 Primary Care Service Areas comprise neighboring ZIP codes in which 

most Medicare beneficiaries receive their primary care from the same providers. Our analysis is 

limited to California due to the availability of the outcome data at the ZIP-Code level. 

 

Data, Sample, and Outcomes 
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The Uniform Data System (UDS) compiles information that FQHCs submit annually to HRSA. 

It includes the address of all clinic sites, which we used to identify the location of all FQHCs in 

California. The PCSA Data Crosswalk files from the Dartmouth Atlas Project allowed us to map 

FQHC sites’ ZIP Codes to PCSAs.46–48 In UDS data from 2000-2019, we identified the year in 

which an FQHC first appeared in each PCSA (its treatment year). All PCSAs treated between 

2011-2016 comprised the treatment group, while PCSAs without an FQHC were considered 

never treated. PCSAs treated prior to 2011 were excluded from the analysis.    

 

We measured outcomes in vital records data from the California Department of Public Health. 

These data included demographic and clinical characteristics of every birth in the state from 

2007-2019. We used the birthing person’s ZIP code of residence and the ZIP-to-PCSA crosswalk 

to attribute each birth to a PCSA. We restricted the analysis to births covered by Medicaid since 

privately insured pregnant people are less likely to receive care at an FQHC.49 We limited the 

sample to PCSAs that had at least 10 births in every year 2007-2019.  

 

We used data from the American Community Survey (ACS) to describe the PCSAs’ total 

population size, and the percent enrolled in Medicaid, with less than a high school education, 

under 200% of the Federal Poverty Level, and that identified as White.50 We aggregated the 

2012-2019 ZIP Code 5-year estimates to the PCSA-year level by creating sums or population-

weighted averages and applying the ZIP-to-PCSA crosswalk. We used additional demographic 

variables from the vital records data to describe the population rates of births to individuals with 

less than a high school education and who were White.  

 



 

 65 

We examined three primary outcomes: the population rate of births preceded by early prenatal 

care initiation (before 4 months of gestation), infants born with low birth weight (< 2,500 grams), 

and infants born preterm (at < 37 weeks’ completed gestation). We chose these outcomes 

because they are all important to maternal and child health and are plausibly affected by an 

FQHC presence within its first few years (Figure 3.1).  

 

We estimated population rates of these outcomes in each PCSA from 2007-2019. The 

numerators were the number of births covered by Medicaid with early prenatal care initiation, 

low birth weight, or preterm birth, respectively. The denominators were the approximate number 

of reproductive-age females (ages 15-44) with Medicaid coverage. Since ZIP-code level data on 

insurance coverage were not available prior to 2012, we approximated this quantity. Specifically, 

we obtained the number of females ages 15-44 from the ACS and multiplied it by the percent of 

births covered by Medicaid, as observed in the vital records data (see Appendix A for additional 

details and an assessment of this approximation using post-2012 data). We used the ACS ZIP 

Code 5-year estimates from 2011-2019 and used 2011 data for 2007-2010.  

 

One way that FQHCs could impact these primary outcomes is by providing contraception and 

family planning to reduce unintended pregnancies (Figure 3.1). For example, one study found 

that FQHCs led to lower rates of teen births.36 If FQHCs shift the demographic composition of 

the birthing population, then our findings may be partially explained by changes in who gives 

birth. To assess this, we measured whether the first FQHC in a PCSA leads to changes in three 

secondary outcomes: rates of births to Hispanic individuals, to individuals less than 20 years old 

(teens), and to people on Medicaid (Appendix C). 
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Statistical Analysis  

 

To estimate the causal impacts of the first FQHC presence, we compared outcomes in treated and 

untreated PCSAs. Because we expected untreated areas to have different outcome levels and 

trends, we did not naively compare the two groups. Instead, we assumed that outcomes in the 

two groups were comparable only after conditioning on their past outcome trajectories. We used 

a synthetic control method, which enabled more flexible conditioning on past outcomes than 

matching or including lagged outcomes in a regression (see Appendix A for a detailed 

description of this approach).51 Briefly, we formed a comparison group that was a weighted 

combination of untreated units (later-treated and never-treated), where the weights were 

proportional to the similarity of the pre-FQHC outcome trends of the treated and untreated units.  

 

This procedure, described in Ben-Michael et al. (2021), was a “partially pooled” synthetic 

control as it combined two types of synthetic controls: the pooled approach and the separate 

approach. The pooled approach created one synthetic control based on the average pre-period 

outcomes across all treated units. The separate approach created a distinct synthetic control for 

each treated unit. The partially pooled synthetic control created a weighted combination of these 

two synthetic controls to minimize the bias from each. The synthetic control was constructed 

based on pre-period outcomes, and there was therefore a unique synthetic control for each 

outcome examined in this study; the weights on potential control PCSAs were similar across the 

primary outcomes (Appendix D). 
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PCSAs were treated at different times, so we indexed time 𝑘 ∈ {−9, 3} in years relative to the 

treatment year (𝑘 = 0).  Each PCSA’s synthetic control could also include later-treated PCSAs, 

or PCSAs that had their first FQHC presence at least three years (the length of the post-period) 

after the treated PCSA was treated. To succinctly describe the evolution of covariates in the 

treated group and synthetic control, we created an average synthetic control group by 

normalizing the weights across the never-treated and later-treated PCSAs for the low birth 

weight outcome.  

 

The estimand was the average treatment effect on the treated 𝑘 years after treatment (𝐴𝑇𝑇𝑘) for 

each 𝑘 > 0.  The estimator 𝐴𝑇𝑇𝑘̂ was the average difference between the weighted combination 

of the treated PCSAs’ outcomes in year 𝑘 and the synthetic control’s outcome in year 𝑘. We 

allowed for an intercept difference between the treated units and the synthetic control. We used a 

wild bootstrap procedure to construct 95% confidence intervals around the estimates of 𝐴𝑇𝑇𝑘̂.52  

 

The key assumption is that the synthetic control’s outcomes in the post period approximate the 

treated group’s post period outcomes if they had not been treated. Though this assumption is not 

empirically testable, Ben-Michael et al. suggest that it can be supported if the pre-treatment 

difference in outcomes between the treated group and the synthetic control (𝐴𝑇𝑇𝑘̂ for 𝑘 < 0) is 

close to zero.  

 

We conducted all analyses in R version 4.0.2 using the augsynth package.53   

 

Results  
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Characteristics of Treatment and Synthetic Control Groups  

Between 2011-2016, 55 PCSAs received their first FQHC (Figure 3.2). Forty-five PCSAs had 

not received their first FQHC by the end of 2019 (never treated).  

 

Figure 3.2. Map of California Primary Care Service Areas with Treatment Status  

 
 

Note: The boundaries in the map represent the Primary Care Service Areas (PCSAs) that are at least partially 

within California (N=348). The PCSAs shown in grey are excluded from the analysis because they received their 

first FQHC prior to 2011 (N=199) or after 2016 (N=10), or because they had fewer than 10 Medicaid-covered 

births in any year between 2007-2019 (N=39).     
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Figure 3.3a. PCSA Population Characteristics by Treatment Group and Year 

 

 
 
Note: Each solid line represents the average across treated PCSAs. Each dotted line represents the average synthetic 

control based on the percent low birth weight outcome. Appendix D shows that potential control PCSAs’ synthetic 

control weights were similar across outcomes. Data on all measures were obtained from the American Community 

Survey via AHRQ’s Social Determinants of Health Database (2009-2018). *ZIP-Code level insurance coverage 

information was only collected by the United States Census American Community Survey beginning in 2013. Other 

public insurance does not include Medicare or TRICARE.  
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Figure 3.3b. PCSA Population Size and Medicaid Coverage by Treatment Group and Year 

 

 
 
 

Note: Each solid line represents the average across treated PCSAs. Each dotted line represents the average synthetic 

control based on the percent low birth weight outcome. Appendix D shows that potential control PCSAs’ synthetic 

control weights were similar across outcomes. Data on all measures were obtained from AHRQ’s Social 

Determinants of Health Database (2009-2018) except the number of births covered by Medicaid, which was 

obtained from the California Vital Records Data (2007-2019). The Medicaid birth rate was the number of births 

covered by Medicaid per 10,000 population of females ages 15-44. 
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Figure 3.3c. Birth Characteristics by Treatment Group and Year 
 

 
 

Note: Each solid line represents the average across treated PCSAs. Each dotted line represents the average synthetic 

control based on the percent low birth weight outcome. Appendix D shows that potential control PCSAs’ synthetic 

control weights were similar across outcomes. Data on all measures were obtained from the California Vital Records 

Data (2007-2019). The numerator was the number of Medicaid births with the relevant characteristic and the 

denominator was the number of females ages 15-44 in the population of the PCSA in that year, multiplied by the 

percent of births covered by Medicaid. The population data came from the American Community Survey starting in 

2011. We use 2011 population data in the denominator for years 2007-2010.  

 

 

Over the study period, residents of treated PCSAs were more likely to have Medicaid, to be low 

income, and to be non-White or Hispanic (Figure 3.3a). The two groups experienced similar 

trends in these characteristics over the study period: the income and racial/ethnic makeup were 

relatively unchanged and the percent with Medicaid rose. Compared to their synthetic controls, 
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treated PCSAs had larger total and birthing populations (Figure 3.3b). They had a similar rate of 

Medicaid births among the reproductive age population and a higher percent of births covered by 

Medicaid. These measures were stable over the study period in both groups.  

 

Teens made up a similar proportion of the Medicaid birthing population in the treated and 

synthetic control PCSAs, which declined over the study period (Figure 3.3c). The percent of 

Medicaid births with low educational attainment was higher in the treatment group and declined 

over the study period. The decline appears steeper in the treated PCSAs. Treated areas had a 

lower rate of Medicaid births to White individuals and a higher rate to Hispanic individuals. The 

population rate of Medicaid births to Hispanic individuals declined in both groups over the study 

period.  

 

Estimating the Impact of FQHCs on Outcomes  

 

The synthetic control achieved good balance on pre-period outcomes compared to the treatment 

group. This is shown in Figure 3.4, where the black line representing the difference between the 

two groups is approximately zero through the whole pre-period for each outcome.  

 

We found no statistically significant impact of the first FQHC in a PCSA on early prenatal care 

initiation, low birth weight, or preterm birth (Figure 3.4 & Appendix B). We also found no 

statistically significant impact on the average treatment effect for the rate of births to Hispanic 

individuals, teens, or individuals covered by Medicaid (Appendix C).  
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Figure 3.4. The Impact of the First FQHC in a PCSA on Early Prenatal Care Initiation and 

Birth Outcomes  

 

 
 

 
Note: The black dots show the  𝐴𝑇𝑇̂𝑘, or difference between the treatment group and synthetic control, for each k 

years relative to the year of treatment (k=0).  Early prenatal care initiation was defined as initiating care before the 

fourth month of gestation. See Appendix A for details on outcome construction.  

 

Discussion 

 

We did not find any change in maternal and child health outcomes in the years following the 

introduction of the first Federally Qualified Health Center in a Primary Care Service Area. This 

suggests that increasing access to outpatient care and enabling services may not improve early 

initiation of prenatal care or birth outcomes. This may be because access to these services is 

insufficient to overcome the structural determinants of these outcomes, which include racism, 

environmental health, and stable housing.54–57  

 

There are alternative explanations for our null results. As discussed, FQHCs may change the 

composition of the birthing population by providing family planning and contraceptive care. This 

could impact maternal and child health outcomes by shifting the birthing population to a more, or 

less, healthy group of individuals. Though we find no statistically significant changes in the 
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demographic composition of the birthing population following the first FQHC, it is possible that 

it changed in unmeasured ways.  

 

There may also be heterogeneity in the treatment itself, which we plan to examine in future 

analyses. First, only two-thirds of FQHC networks have clinics that provide prenatal care 

directly, rather than by referral.25 We will examine whether limiting the treatment group to these 

clinics impacts our results. Second, the current analysis only measures the impact of the first 

FQHC in areas that previously had no FQHC, excluding the nearly 200 PCSAs that had their 

first FQHC prior to 2011. However, another FQHC in these already-treated areas may have an 

additional impact on the outcomes. Future analyses will assess the impact of an additional FQHC 

in an already-treated area.  

 

There are important limitations to our data and analytic approach. First, the Uniform Data 

System has no detail on FQHCs’ operational history. As a result, our treatment definition of the 

first FQHC in an area includes both the establishment of new physical clinic sites and the 

conversion of existing clinic sites to FQHC status. In future work, we plan to obtain and 

incorporate detail on clinics’ operational history into our analysis. Second, we are also only able 

to observe treatment effects for the three years following the first FQHC in an area. The clinics 

may become more effective at impacting these outcomes over time, as they become more known 

and trusted, and learn how to best reach and help their patient population. Over a longer post-

period, FQHCs could also impact other outcomes including birth spacing and pre-conception 

health.  
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Third, the key assumption of the synthetic control approach – that the synthetic control based on 

lagged outcomes is a suitable counterfactual for the treated group in the post-period – is not 

empirically verifiable. The balance achieved between the lagged outcomes in the treated group 

and synthetic control lends confidence in this assumption. Fourth, the wild bootstrap procedure 

we use for statistical inference is conservative, which may lead us to incorrectly fail to reject the 

null hypothesis of no treatment effect. Fifth, our estimate of the denominator of the outcome 

quantity may also have biased our results towards the null (see Appendix A). Finally, a 

nationwide analysis may be more generalizable and better-powered to detect any true treatment 

effects.  

  

Conclusion  

 

Though we found no statistically significant impact of FQHCs on prenatal care access and birth 

outcomes, the results may be explained by unmeasured heterogeneity rather than lack of impact. 

Our future analyses will clarify the appropriate interpretation of these findings. It is also possible 

that the current FQHC program – which is not aimed specifically at impacting maternal health – 

could be better targeted to improve these outcomes. Indeed, HRSA has planned workforce 

investments in areas with limited maternity care professionals.58 HRSA will dispatch OB/GYNs 

and certified nurse midwives from the National Health Service Corp to clinics in newly 

identified maternity care health professional target areas (MCTAs). With future research and 

evolving programmatic goals, the role of FQHCs in improving these outcomes can be better 

understood and optimized.  
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A. Appendix for Chapter 1  
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Appendix E. Study Outcomes by Sample Characteristics, with and without Timeliness Constraint  

Appendix F. Sensitivity analysis for timeliness constraint on applicable guideline-based services 

Appendix G. Billing Codes for Identifying Guideline-Recommended Prenatal Care 
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Appendix I. Receipt of individual components of the obstetric laboratory and STI testing panels 

Appendix J. Percent of Patients Receiving Fewer than 6 of 8 Guideline-Based Services by Patient Characteristics, 
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Appendix A. Billing Codes for Delivery Episode 
Code Type Codes Indicating Delivery 

ICD-10 DX Z37%, O80%, O82% 

ICD-10 PX 10D07Z3,10D07Z6,10D07Z8,10D07Z7,10E0XZZ,0W8NXZZ,10D00Z0, 

10D00Z1,10D00Z2,10D07Z4,10D07Z5,10S07ZZ 

DRG 765, 766, 774, 775, 767, 768, 783, 784, 786, 787, 785, 788, 805, 806, 807, 796, 797, 798 
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Appendix B  

 

Algorithm to Approximate Date of Last Menstrual Period  

We developed a novel algorithm for approximating the date of the last menstrual period (LMP) – 

which marks the start of a pregnancy – using ICD-10 codes in claims data. Identifying LMP is 

essential to understanding the gestational age at which each prenatal service was received. Since 

pregnancies vary in length, it is imprecise to identify the date of LMP as 40 weeks prior to 

delivery. Instead, our algorithm uses information contained in diagnosis and procedure codes to 

identify the date of LMP more precisely. We adapted this algorithm from prior studies that used 

ICD-9 codes to identify the date of LMP in claims data, and leveraged preliminary work by 

OptumLabs researchers to convert those algorithms to ICD-10 codes.19–21,61 The algorithm takes 

advantage of new diagnosis codes included in the ICD-10 that capture gestational age at any 

clinical encounter during the pregnancy (the Z3A.XX codes). See Appendix C for the full 

algorithm.  

 

Identifying Prenatal Visits  

We identify the first prenatal visit as the first claim after the patient’s estimated LMP with a 

diagnosis or procedure code for prenatal care, an evaluation and management (E&M) visit with 

an OB/GYN, a provider-ordered pregnancy test in a setting other than the emergency 

department, an obstetric ultrasound, or any of the obstetric laboratory panel tests listed in Table 

1.1 of the manuscript (see Appendix G for billing codes). If the patient receives the majority of 

their prenatal care from a primary care physician or neonatologist, we also “count” an E&M visit 

with that provider type as a prenatal visit. 

 

We identify subsequent prenatal care visits in the same way with the caveat that claims for 

ultrasounds and laboratory tests do not count as a subsequent prenatal visit. While these services 

should be taken as an indication that prenatal care has been initiated, they may be billed by 

ultrasound technicians or independent laboratories on dates when the patient did not have an in-

person prenatal care visit.  

 

See Appendix H for the list of billing codes used to identify prenatal visits.  
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Appendix C. Algorithm for Approximating Date of Last Menstrual Period (LMP)  
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Appendix D. Study Cohort Construction  
N EPISODES 

 
N (%) EPISODES DROPPED 

384,649a 

↓ → 

 

55,548 

(14%) 

Approximate LMP date out of time period, or not identified 

329,101 

↓ 
→ 

 

144,465 

(44%)  

Do not meet continuous enrollment requirements 

184,636 

↓ 
→ 

 

1,746  

(1%) 

Gender, age, or zip code exclusion 

182,890 

↓ 
→ 

 

5,639  

(3%) 

Abortive pregnancy, too-close delivery episodes, county does not link to 

the Area Health Resources Files (AHRF) 

177,251 

↓ 
→ 

 

1,159  

(1%)  

Delivery gestational age outside of 20-43 weeks 

176,092 
  

Final analytical sample 
Notes 

a. The 384,649 episodes originally identified are those with an inpatient delivery date between 6/1/2016 - 7/1/2019. 

b. Three percent of individuals in the sample had two or more deliveries during the study period (the final sample consists of 176,092 episodes 

among 171,107 individuals). 

 

  



 

 89 

Appendix E. Study Outcomes by Sample Characteristics, with and without Timeliness 

Constraint  

 
 

 

Note: “Timely” indicates that the guideline-based service was received at the recommended gestational age (Table 1.1). 

“Anytime” indicates that the service was received anytime between the patient’s approximate date of last menstrual period and 

the day before their delivery episode. There is no timely column for STI panel because we did not impose a gestational age 

requirement for this service. There is no anytime column for Anatomy Scan is not shown because it cannot be considered an 18-

22 week Anatomy Scan if it is outside of that recommended gestational age range.  
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Appendix F. Sensitivity analysis for timeliness constraint on applicable guideline-based 

services 

 
 
Notes: 

1. The outcomes included in the sensitivity analysis were limited to those with timeliness definitions depended on 

the claims-based algorithm used to estimate date of last menstrual period. The STI panel was not included 

because we did not impose a gestational age requirement for this service. The Anatomy Scan was not included as 

it cannot be considered an 18-22 week Anatomy Scan if it is outside of that recommended gestational age range. 

The obstetric laboratory panel was not included because it is considered timely if it is billed any time before the 

patient’s second prenatal visit; this definition does not depend on the gestational age at the time of the visit.  

2. For the primary definitions of timely care, urinalysis and urine culture were considered timely if they occurred 

either in the first 90 days of gestation (first trimester), within 38 days of the first prenatal visit, or within 8 days 

of the second prenatal visit. The sensitivity analysis only altered the 90 days of gestation criterion since it is the 

only component dependent on the claims-based algorithm for determining date of last menstrual period.  
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Appendix G. Billing Codes for Identifying Guideline-Based Prenatal Care   
CPT/HCPCS ICD-10 NDC 

STI Testing - HIV 87806, 87534, 87535, 87536, 87537, 87538, 

87539, 87390, 87391, 87389, 3292F, 3490F, 

3491F, 3492F, 3494F, 3496F, 3497F, 3498F, 

3500F, 3502F, 3503F, G0432, G0433, G0435, 

S3645, G0475, 86689, 86701, 86702, 86703, 

80081 

Z114 
 

STI Testing - Syphilis 86592, 86593, 3512F, 0065U, 87285, G9228,  

86781, 86780, 0064U, 80055, 80081 

  

STI Testing - Hepatitis B 80074, 86704, 86705, 86706, 87340, 87341, 

87516, 87517, G8869, G9912, 80081, 80055 

 
 

Obstetric panel component: D(Rh) 86901, 86906, 3290F, 3291F, 3293F, 80055, 

80081 

  

Obstetric panel component: RBC 86850, 86860, 86870, 86905, 86976, 86975, 

86977, 86971, 86970, 86972, 86978, 80055, 

80081 

  

Obstetric panel component: Rubella 86762, 86765, 80055, 80081 
  

Obstetric panel component: CBC 85004, 85007, 85009, 85013, 85014, 85018, 

85025, 85027, 85032, 85041, 85044, 85045, 

85046, 85048, 85049, G0306, G0307, 80050, 

80055, 80081 

  

Urine culture/asymptomatic bacteriuria 81007, 81015, 81020, 87086, 87088, P7001, 

87150, 87802, 87653, 87801 

 
 

Urinalysis 81000, 81001, 81002, 81003, 81005, 81099 
  

Anatomy scan 76805, 76810, 76811, 76812, 76815, 76816, 

76817 

  

Oral glucose tolerance test 82950, 82951, 82947 
  

TDAP Vaccine 90696, 90697, 90698, 90700, 90701, 90714, 

90715, 90471, 90472, 90460, 90461 

 
49281040010, 

49281040015, 

49281040020, 

58160084211, 

58160084252 

Group B Streptococcus 87150, 3294F, 87802, 87653, 87801, 87081, 

87084, 87070, 87077, 87147 

Z36.85 
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Appendix H. Billing Codes for Identifying Prenatal Visits 
 CPT/HCPCS ICD-10 Additional 

Requirements/Notes 

Prenatal visit procedure 

codes 

H1000, H1001, H1002, 

H1003, H1005, 0500F, 

0502F, 59425, 59426, 

0501F, 0503F 

Z36.%, Z34.%, O09.%, 

Z03.7 

 

E&M Codes 99211-99215, 99201-

99205, 99241-99245, 

99401-99404, 99384-

99386, 99394-99396, 

3725F, 3351F, 3352F, 

3353F, 3354F, 96150, 

96151, 96152, 96156, 

96158, 96127, 1220F, 

G0442-G0447, G8431-

G8433, G8510, G8511, 

G9717, H0004, G8419-

G8422, G8938, G8752-

G8755, 3008F, 3074F, 

3075F, 3077F, 3078F, 

3079F, 3080F, 2000F, 

2001F 

 Provider must be an 

OB/GYN or neonatologist. 

If a primary care provider 

was the primary prenatal 

care provider (provided the 

majority of prenatal care 

visits), then codes billed by 

primary care providers 

were counted 

Pregnancy test 81025, 84163, 84703, 

84702, 84704, 0167U  

Z32.00, Z32.01 Must not be from ER 

setting 

Ultrasound  76805, 76810, 76811, 

76812, 76815, 76816, 

76817 

 Only counts for first 

prenatal visit 

Obstetric laboratory tests 80055, 80081, 80050, 

G9228, 86762, 86765, 

86901, 86906, 3290F, 

3291F, 3293F, 87806, 

87534, 87535, 87536, 

87537, 87538, 87539, 

87390, 87391, 87389, 

3292F, 3490F, 3491F, 

3492F, 3494F, 3496F, 

3497F, 3498F, 3500F, 

3502F, 3503F, G0432, 

G0433, G0435, S3645, 

G0475, 86689, 86701, 

86702, 86703, 86592, 

86593, 3512F, 0065U, 

87285, 86781, 86780, 

0064U, 80074, 86704, 

86705, 86706, 87340, 

87341, 87516, 87517, 

G8869, G9912, 87110, 

87270, 87320, 87810, 

86631, 86632, 87490, 

87491, 87492, G9820, 

87590, 87591, 87592, 

87850 

Z114 Only counts for first 

prenatal visit 
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Appendix I. Receipt of individual components of the obstetric laboratory and STI testing 

panels 

 

Obstetric Laboratory Panel  

 

There were 17,447 episodes (10%) that did not receive all the OB panel components over the 

course of their pregnancy. The table below shows receipt of each component of the obstetric 

laboratory panel, with and without the timeliness criteria, among those episodes.  

 

Component 

Received Panel Component, 

Timely 

Received Panel Component, 

Anytime 

 N % N % 

D(Rh) type 4220 24% 6513 37% 

RBC antibody screen 3918 22% 6819 39% 

CBC  8116 47% 14993 86% 

Rubella avidity test (IgG) 4272 24% 6282 36% 

  

There were 51,309 episodes (29%) that did receive all the OB panel components during 

pregnancy but did not receive at least one of those components in a timely way. The table below 

shows receipt of each component of the obstetric laboratory panel, with the timeliness criteria 

(since all satisfied the anytime criteria), among those episodes.  

 

Component 

Received Panel Component, 

Timely 

 N % 

D(Rh) type 7323 14% 

RBC antibody screen 3669 7% 

CBC  10021 20% 

Rubella avidity test (IgG) 2114 4% 

 

STI Panel  

 

There were 15,160 episodes that did not receive all the components of the STI testing panel 

(9%). The table below shows receipt of each component of the STI testing panel among those 

episodes.  

 

Component Received Panel Component 

 N % 

Syphilis test 7751 51% 

HIV test 3028 20% 

Hepatitis B test 6218 41% 
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Appendix J. Percent of Patients Receiving at least 6 of 8 Guideline-Based Services by 

Patient Characteristics, both Timely and Anytime   
 

 

Percent Receiving At Least 6 of the 8 Guideline-Based Services 

Timely Anytime 

Percent 95% Conf. Int Percent 95% Conf. Int 

Full Sample 70%   93%   

APNCU        

 Inadequate 58% (57%, 58%) 76% (76%, 77%) 

 Intermediate 73% (73%, 74%) 94% (94%, 94%) 

 Adequate 71% (71%, 72%) 96% (95%, 96%) 

 Adequate Plus 69% (68%, 69%) 95% (95%, 95%) 

Number of Prenatal Visits        

 0-5 64% (63%, 65%) 80% (80%, 81%) 

 6-8 73% (72%, 73%) 94% (94%, 94%) 

 9-11 71% (70%, 71%) 95% (95%, 96%) 

 12-14 70% (69%, 71%) 95% (95%, 96%) 

 15+ 67% (66%, 68%) 95% (95%, 96%) 

Age        

 12-24 60% (59%, 61%) 88% (87%, 88%) 

 25-29 71% (70%, 71%) 93% (93%, 93%) 

 30-34 73% (72%, 73%) 94% (94%, 94%) 

 35-55 68% (68%, 69%) 93% (93%, 93%) 

HDHP        

 HDHP 71% (71%, 72%) 93% (93%, 93%) 

 No HDHP 69% (69%, 69%) 93% (92%, 93%) 

Obstetric Comorbidity Index        

 0 71% (71%, 71%) 92% (92%, 93%) 

 1-2 69% (69%, 70%) 93% (93%, 93%) 

 3-6 67% (66%, 68%) 93% (93%, 94%) 

 7+ 64% (61%, 66%) 93% (92%, 94%) 

Rurality        

 Urban 70% (70%, 70%) 93% (93%, 93%) 

 Urban-adjacent 66% (65%, 67%) 90% (90%, 91%) 

 Rural 64% (62%, 65%) 89% (88%, 90%) 

Health Professional Shortage Area        

 Non-HPSA County 74% (73%, 75%) 94% (93%, 94%) 

 Partial-HPSA County 69% (69%, 70%) 93% (93%, 93%) 

 Full-HPSA County 65% (63%, 66%) 91% (90%, 92%) 

County Racial Composition        

 High White Non-Hispanic 72% (71%, 72%) 92% (92%, 92%) 

 High Black Non-Hispanic 68% (67%, 68%) 92% (92%, 93%) 

 High Hispanic/Latino 66% (66%, 67%) 92% (92%, 93%) 

 

 



 

 95 

Appendix J (Continued). Percent of Patients Receiving at least 6 of 8 Guideline-Based 

Services by Patient Characteristics, both Timely and Anytime   

 

 

Percent Receiving At Least 6 of the 8 Guideline-Based Services 

Timely Anytime 

Percent 95% Conf. Int Percent 95% Conf. Int 

County Median Income        

 Lowest Income 65% (65%, 66%) 91% (91%, 92%) 

 Middle Income 69% (69%, 70%) 92% (92%, 93%) 

 Highest Income 74% (74%, 75%) 94% (94%, 95%) 

County Educational Attainment        

 Lowest Education 66% (66%, 67%) 92% (92%, 92%) 

 Middle Education 69% (68%, 69%) 93% (92%, 93%) 

 Highest Education 74% (73%, 74%) 93% (93%, 94%) 

 

Note: Percentages and 95% confidence intervals are predicted probabilities calculated from logistic regressions 

(regression of an indicator for receiving at least 6 of the 8 guideline-based services on each patient characteristic).   
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Section 1. Additional detail on study design and protocol  

 

1.1. Institutional Review Board approvals 

 

The study was approved by the Harvard T.H. Chan School of Public health Institutional Review 

Board (IRB15-2939). The following IRBs have approved Harvard’s oversight of this research 

study: Massachusetts Institute of Technology, South Carolina Department of Health and 

Environmental Control (DHEC), IRB00000092 (which includes DHEC agencies covering the 

Upstate, Pee Dee, Lowcountry and Midlands regions), McLeod Health System, IRB00004313, 

Greenville Health System, and Spartanburg Regional Health System, IRB00001369. All study 

participants gave written informed consent. 

 

Section 2. Additional detail on methods and analysis   

 

2.1. Identifying date of last menstrual period and gestational age 

 

All participants in the analytical sample matched to a birth certificate record in the birth 

certificate data. This data source included the date of delivery and the obstetric estimate of 

gestational age at delivery (in weeks; multiplied by 7 for days). The approximate date of last 

menstrual period was the date of delivery on the birth certificate minus the listed gestational age 

at delivery in days. The gestational age at the time of any other prenatal service was calculated as 

the date of that service minus the approximate date of last menstrual period.   

 

When we report gestational age at trial enrollment (i.e., in balance tables), we use the 

participant’s self-reported gestational age at the time of the baseline survey, prior to 

randomization.   

 

2.2. Detailed outcome construction and billing codes  

 

All outcomes measured in Medicaid claims or hospital discharge data were restricted to the 

prenatal period. The prenatal period is defined as the participant’s approximate date of last 

menstrual period through the day prior to their date of delivery.  

  
Source Additional Detail Billing Codes 

Prenatal care quantity/intensity 

At least adequate 

prenatal care 

Birth 

certificates 

The vital record reports whether the mother’s 

Kotelchuck Index (or Adequacy of Prenatal Care 

Utilization Index) as either Inadequate, Intermediate, 

Adequate or Adequate Plus. Participants with 

Adequate or Adequate Plus were considered to have 

at least adequate prenatal care.  

N/A 

Number of prenatal 

visits 

Birth 

certificates 

The vital record lists the mother’s number of prenatal 

visits.  

N/A 

Number of prenatal 

ultrasounds 

Medicaid 

claims and 

hospital 

discharge 

data 

Each date of service with either a Medicaid claim or 

discharge record indicating an ultrasound during the 

prenatal period was counted as a distinct prenatal 

ultrasound.  

HCPCS 

76801, 76805, 

76811, 76813, 

76815, 76816, 

76817, 76818, 

76819, 76810, 
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76812 

Guideline-based prenatal care 

Anatomy scan 

ultrasound  

(18-22 weeks) 

Medicaid 

claims 

We measure whether the participant had one of these 

billing codes in the Medicaid claims between 18 to 

22 weeks after their date of last menstrual period.  

HCPCS 

76801, 76805, 

76811, 76813, 

76815, 76816, 

76817, 76818, 

76819, 76810, 

76812 

Gestational diabetes 

test (24-28 weeks) 

Medicaid 

claims 

We measure whether the participant had one of these 

billing codes in the Medicaid claims between 24 to 

28 weeks after their date of last menstrual period. If a 

participant’s gestational age at delivery was less than 

28 weeks, this outcome was coded as missing. 

HCPCS 

82950, 82951, 

82947 

Tdap vaccination 

(27-36 weeks) 

Medicaid 

claims 

We measure whether the participant had one of these 

HCPCS codes in the Medicaid claims between 27 to 

36 weeks after their date of last menstrual period. We 

also identified whether any of the listed NDC codes 

were present in the Medicaid pharmacy claims file 

during that gestational window. If a participant’s 

gestational age at delivery was less than 36 weeks, 

this outcome was coded as missing. 

HCPCS 

90696, 90697, 

90698, 90700, 

90701, 90714, 

90715, 90471, 

90472, 90460, 

90461 

NDC 

49281040010, 

49281040015, 

49281040020, 

58160084211, 

58160084252 

Group B 

streptococcus test  

(35-37 weeks) 

Medicaid 

claims 

We measure whether the participant had one of these 

billing codes in the Medicaid claims between 35 to 

37 weeks after their date of last menstrual period. If a 

participant’s gestational age at delivery was less than 

37 weeks, this outcome was coded as missing. 

ICD-10 

Z3685 

HCPCS 

87150, 3294F, 

87802, 87653, 

87801, 87081, 

87084, 87070, 

87077, 87147 

Specialist care during pregnancy 

Dental visit during 

pregnancy 

Medicaid 

claims 

We use the Medicaid dental claims files to identify 

whether the participant had any claim for a cleaning, 

dental x-ray, resin/sealant, or extraction during the 

prenatal period 

HCPCS 

D1110, D0120,  

D0140, D0150, 

D0160, D0170, 

D0191, D1206, 

D1208, D02%, 

D0330, D0340,  

D0350, D2391,  

D2392, D2393,  

D1351, D71%, 

D7210, D7220,  

D7230, D7240, 

D7241, D7250 

Maternal fetal 

medicine (MFM) 

visit 

Hospital 

discharge 

data 

We identified whether the participant had any 

hospital discharge record during the prenatal period 

that had a provider specialty of Maternal Fetal 

Medicine 

N/A 
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Number of 

emergency room 

visits 

Hospital 

discharge 

data 

We counted the number of hospital discharge records 

during the prenatal period that had a revenue code 

indicating that the patient presented via the 

emergency room. This captures all emergency room 

visits regardless of whether they resulted in an 

admission.  

N/A 

Prenatal health 

Recommended 

gestational weight 

gain 

Birth 

certificates 

The vital record lists the mother’s weight prior to 

pregnancy and at delivery pre-pregnancy. The data 

also identify pre-pregnancy BMI and whether there 

are multiple gestations. These variables allow us to 

calculate whether the weight gained during 

pregnancy was within the National Academy of 

Medicine’s guidelines.1   

N/A 

Smoking cessation 

during pregnancy 

Birth 

certificates 

and baseline 

survey  

Prior to randomization, each participant is asked 

whether they smoked cigarettes in the three months 

prior to pregnancy. The vital record identifies 

whether the mother smoked during pregnancy. The 

smoking cessation outcome is equal to zero if the 

person smoked prior to pregnancy and during 

pregnancy, and equal to one if they smoked prior to 

pregnancy but not during pregnancy. This outcome is 

missing for people who did not report smoking prior 

to pregnancy.  

N/A 

 

2.3. Sample Definitions   

 

Index Pregnancy: Having matched administrative records for one or more of the outcomes listed 

below during the period of the index pregnancy. This period is defined as covering the weeks of 

gestation provided in the obstetric estimate on the vital record until the date of birth or fetal 

death, when a mother has a matched index birth or fetal death record. In the absence of an index 

birth or fetal death, we define the pregnancy period as the time covering 42 weeks prior to the 

expected delivery date provided on the baseline survey.  

• A live birth certificate for the index birth 

• A live birth in Medicaid claims or hospital discharge records occurring within 120 days 

of the expected delivery date. Live births are identified by Kuklina et al. (2008)2 

• A probable pregnancy loss in Medicaid claims or hospital discharge occurring during the 

index pregnancy 

• A fetal death record in birth certificates occurring during the index pregnancy 

• An antenatal care visit in Medicaid claims occurring during the index pregnancy  

• Enrollment in Medicaid for pregnant women overlapping with the index pregnancy 

period 

 

Index Birth: A birth identified by a matched birth certificate in Vital Records with a date of birth 

within 120 days before or after the estimated delivery date reported on the baseline survey. 

 

Index Fetal Death: A fetal death record in Vital Records occurring during the index pregnancy 

 

Delivery record in Medicaid claims: Participants were considered to have a delivery record in the 

Medicaid claims if they had a delivery episode claim within 120 days of their estimated delivery 



 

 100 

date reported on the baseline survey.  The following billing codes were used to identify delivery 

episodes:  

 

  



 

 101 

 
INCLUSION CRITERIA 

ICD-10-CM 

Z37 Outcome of delivery 

O80, O82 Encounter for delivery 

ICD-10-PCS  

10D07Z3, 10D07Z4, 10D07Z5 Extraction of products of conception, forceps 

10D07Z6 Extraction of products of conception, vacuum 

10D00Z0, 10D00Z1, 10D00Z2, 10D07Z7, 10D07Z8 Extraction of products of conception 

0W8NXZZ  Division of female perineum, external approach 

EXCLUSION CRITERIA 

ICD-10-CM 

O019 Hydatidiform mole, unspecified 

O02 Other abnormal products of conception 

O00 Ectopic pregnancy 

O048 
(Induced) termination of pregnancy with other and 

unspecified complications 

O03 
Complete or unspecified spontaneous abortion 

without complication 

O08 Complication following ectopic and molar pregnancy 

ICD-10-PCS 

10A07ZZ, 10A00ZZ, 10A03ZZ, 10A04ZZ, 

10A07ZX, 10A07ZW, 10A07Z6, 10A08ZZ  
Abortion of products of conception  
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2.4 Regression analysis specifications  

 

All regressions to estimate the treatment effect of being randomized to receiving nurse home 

visits controlled for the prespecified baseline covariates listed below.3,4 All of these fields are 

collected on the baseline survey prior to randomization and are balanced across the treatment and 

control group (see Table 2.1).  

• Implementing Agency: Indicators for each implementing agency enrolling study 

participants  

• Demographics:  

o Age: Indicator for age 15-17 and indicator for age equal to or greater than 28  

o Race: indicators for self-reported race of Black non-Hispanic, White non-

Hispanic, other 

o Ethnicity: indicator for self-reported ethnicity of Hispanic/Latina 

• Gestational age at time of study enrollment: A continuous variable of weeks to delivery 

as calculated by difference in estimated due date and the survey date  

• Relationship with father of the child: Indicator for daily interaction with father of the 

child  

• Education: indicators for school diploma or GED with no higher education and for less 

than high school diploma  

• Employment, Income, and Financial Resources: Indicator for whether the mother is 

working for pay at the time of the survey  

• Social services: Indicator for receiving one or more social service (i.e. TANF, SNAP, 

SSI, unemployment benefits, and WIC)  

• Housing stability  

o Indicator for moving two or more times in the previous twelve months (housing 

instability) 

o Indicator for living with parents  

• Access and utilization of health care, including mental health and maternal health  

o Indicator for receiving at least one prenatal care visit before time of survey  

o Indicator for having obtained care at an emergency room in past six months  

o Indicator for receiving mental health treatment in the previous year  

• Health behaviors  

o Indicator for reporting having consumed alcohol in the three months before 

pregnancy  

o Indicator for reporting having smoked cigarettes in the three months before 

pregnancy  

• Psychological state/resources: Indicator for PHQ-2 score of 3 or higher 

• Self-reported health: Indicator for self-reported health described as fair or poor 

• Maternal perceived stress level: Indicator for PSS-4 score of 4 or higher 

• Body mass index: Indicator for pre-pregnancy BMI between 18.5-24.9 (healthy weight) 

• Family planning  

o Reports having access to a place for family planning or birth control  

o Reports wanting more children one day   
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Section 3. Additional results   

 

3.1. CONSORT Diagram  

 

 

 

 

 

 

 

  

18,274 Assessed for eligibility 

5,670 Randomized 

3,806 Randomized to receive NFP home visits 
3,721 Received NFP services 
12 Withdrew from study 
3 Could not be matched to home visiting data 

1,864 Randomized to standard of care (control 
group) 
1 Received NFP services 
3 Withdrew from study 
3 Could not be matched to home visiting data 
 

3,019 Matched to birth certificate and 
Medicaid claims (analytical sample) 

Failure to match to birth outcome 
48 Could not be matched to an 
index pregnancy record  
131 Probable pregnancy loss 
(miscarriage)1  

 
Failure to match to analytical sample  
24 Fetal death vital record      
296 Failure to match to birth 
certificate in vital records2 
370 Failure to match to claim for 
birth in Medicaid data2 

 

Failure to match to birth outcome 
21 Could not be matched to an 
index pregnancy record 
66 Probable pregnancy loss 
(miscarriage) 1  

 
Failure to match to analytical sample  
10 Fetal death vital record    
127 Failure to match to birth 
certificate in vital records2 
190 Failure to match to claim for 
birth in Medicaid data2 

 

1,503 Matched to birth certificate and 
Medicaid claims (analytical sample) 

6,805 Did not meet eligibility criteria  
6,519 Declined participation/no 
reason given  

Notes 
1. A probable pregnancy loss was identified using the following IDC-10 diagnosis codes in Medicaid claims or 

hospital discharge data: O00% (ectopic pregnancy), O01% (molar pregnancy), O02.0%-O03.9% (spontaneous 
abortion) 

2. Categories are not mutually exclusive 



 

 104 

3.2. Attrition from full sample to analytical sample  

  
Treatment 

N (%) 

Control 

N (%) 
P-value 

 3,794 1,861 -- 

Withdrew from study 12 3 0.288 

 (0.3%) (0.2%)  

Could not be matched to an index pregnancy record 48 21 0.660 

 (1.3%) (1.1%)  

Probable pregnancy loss (miscarriage) 131 66 0.857 

 (3.5%) (3.5%)  

Fetal death vital record 24 10 0.663 

 (0.6%) (0.5%)  

Failure to match to birth certificate in vital records 499 224 0.238 

 (13.2%) (12.0%)  

Failure to match to claim for birth in Medicaid data 549 279 0.602 

 (14.5%) (15.0%)  

In analytical sample 3,019 1,503 0.294 

 (79.6%) (80.8%)  

Notes 
1. P-value is from test of differences in means between treatment and control group rates of attrition 
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3.3 Comparison of full sample to analytical sample on baseline covariates 

   

Full Sample 

(N=5,655) 

Matched  

to Vital 

Records 

(N=4,932) 

Matched to 

Medicaid 

and Vital 

Records 

(N=4,522) 

Age at trial enrollment 
 

   
15-18 years 18.0% 18.0% 18.6%  
19-24 years 54.6% 54.9% 54.9%  
25-34 years 24.8% 24.6% 24.1%  
35-44 years 2.6% 2.6% 2.3% 

Race/Ethnicity 
 

   
Black non-Hispanic 55.2% 55.2% 55.5%  
White non-Hispanic 34.8% 34.7% 34.3%  
Hispanic 5.8% 5.8% 5.9%  
Asian, multiracial, or other 4.3% 4.3% 4.3% 

Educational Attainment 
 

   
Less than high school diploma 22.1% 22.2% 22.9%  
High school diploma or equivalent 35.5% 35.3% 35.8%  
Some college, less than bachelor's degree 34.5% 34.5% 33.9%  
Bachelor's degree or higher 7.5% 7.6% 7.0% 

Socioeconomic Characteristics 
 

   
Working for pay 52.5% 52.8% 52.2%  
Receiving one or more social service programs1 64.7% 64.6% 65.1%  
Housing Insecurity2 17.1% 16.8% 16.9%  
Food Insecurity3 36.4% 36.5% 36.6%  
Currently lives with parents 43.4% 43.6% 44.0%  
Sees father of child daily  79.8% 79.7% 79.2% 

Mental Health and Substance Use 
 

   
Depressive symptoms4 18.8% 19.0% 19.2%  
Received mental health treatment in last year 13.5% 13.7% 13.4%  
High stress5 65.0% 65.1% 65.0%  
Reported smoking cigarettes in 3 months pre-pregnancy 25.2% 25.3% 25.7% 

 Reported drinking alcohol in 3 months pre-pregnancy 50.2% 50.6% 49.9% 

Body Mass Index (BMI) Pre-Pregnancy 
 

   
< 18.5 5.4% 5.4% 5.4%  
18.5 - 24.9 36.4% 36.7% 36.5%  
25 - 29.9 21.5% 21.3% 21.4%  
≥ 30.0 33.3% 33.3% 33.3% 

Other Pre-Pregnancy Health 
 

   
Health self-reported as fair/poor 12.2% 12.1% 12.1%  
Obtained care at emergency room in past 6 months 51.7% 51.5% 51.3% 

Family planning 
 

   
Has access to family planning or birth control 55.7% 55.6% 55.6%  
Reports a desire for more children in the future 67.6% 67.6% 67.3% 

Pregnancy characteristics at baseline 
 

   
Received ≥ 1 prenatal care visit before enrollment  83.6% 83.8% 83.1%  
Gestational age at trial enrollment (weeks) 14.7 14.8 14.7 

Notes 

1. Social services include TANF, SNAP, SSI, WIC or unemployment benefits. 

2. Housing insecurity is defined as having moved two or more times in the previous twelve months. 

3. Food insecurity is defined as reporting at least sometimes worrying that food will run out or running out of food and not 

having money to obtain more.  

4. Depressive symptoms are defined as scoring a 3 or higher on the Patient Health Questionnaire-2 (PHQ-2).  

5. High stress is defined as scoring a 4 or higher on the Perceived Stress Scale 4 (PSS-4). 
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3.4. Balance table of full enrolled sample     
Full 

Sample 

(N=5,655) 

Control 

Group 

(N=1,861) 

Treatment 

Group 

(N=3,794) 

Age at trial enrollment 
 

   
15-18 years 18.0% 17.7% 18.2%  
19-24 years 54.6% 54.9% 54.5%  
25-34 years 24.8% 25.5% 24.4%  
35-44 years 2.6% 2.0% 2.8% 

Race/Ethnicity 
 

   
Black non-Hispanic 55.2% 55.5% 55.0%  
White non-Hispanic 34.8% 34.5% 34.9%  
Hispanic 5.8% 6.1% 5.6%  
Asian, multiracial, or other 4.3% 3.9% 4.4% 

Educational Attainment 
 

   
Less than high school diploma 22.1% 21.7% 22.3%  
High school diploma or equivalent 35.5% 34.1% 36.1%  
Some college, less than bachelor's degree 34.5% 36.0% 33.8%  
Bachelor's degree or higher 7.5% 7.8% 7.4% 

Socioeconomic Characteristics 
 

   
Working for pay 52.5% 52.2% 52.6%  
Receiving one or more social service programs1 64.7% 65.4% 64.4%  
Housing Insecurity2 17.1% 17.6% 16.8%  
Food Insecurity3 36.4% 34.9% 37.1%  
Currently lives with parents 43.4% 44.1% 43.0%  
Sees father of child daily  79.8% 80.1% 79.7% 

Mental Health and Substance Use  
 

   
Depressive symptoms4 18.8% 18.4% 18.9%  
Received mental health treatment in last year 13.5% 13.2% 13.6%  
Experiencing high stress5 65.0% 65.0% 64.9% 

 Reported smoking cigarettes in 3 months pre-pregnancy 25.2% 26.7% 24.5% 

 Reported drinking alcohol in 3 months pre-pregnancy 50.2% 50.3% 50.1% 

Body Mass Index (BMI) Pre-Pregnancy 
 

   
Underweight (< 18.5) 5.4% 5.1% 5.6%  
Healthy weight (18.5 - 24.9) 36.4% 37.8% 35.7%  
Overweight (25 - 29.9) 21.5% 21.0% 21.8%  
Obese (≥ 30.0) 33.3% 32.0% 33.9% 

Other Pre-Pregnancy Health 
 

   
Self-reported health as fair/poor 12.2% 11.2% 12.6%  
Obtained care at emergency room in past six months 51.7% 52.4% 51.3% 

Family planning 
 

   
Has access to family planning or birth control 55.7% 55.1% 56.0%  
Reports a desire for more children in the future 67.6% 68.1% 67.4% 

Pregnancy characteristics at baseline    

 Received ≥ 1 prenatal care visit before enrollment  83.6% 82.8% 84.0% 

 Gestational age at trial enrollment (weeks) 14.7 14.5 14.9 

Notes 

1. Social services include TANF, SNAP, SSI, WIC or unemployment benefits. 

2. Housing insecurity is defined as having moved two or more times in the previous twelve months. 

3. Food insecurity is defined as reporting at least sometimes worrying that food will run out or running out of food and not 

having money to obtain more.  

4. Depressive symptoms are defined as scoring a 3 or higher on the Patient Health Questionnaire-2 (PHQ-2).  

5. High stress is defined as scoring a 4 or higher on the Perceived Stress Scale 4 (PSS-4).  
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3.5 Balance table of index birth sample     
Full 

Sample 

(N=4,932) 

Control 

Group 

(N=3,295) 

Treatment 

Group 

(N=1,637) 

Age at trial enrollment 
 

   
15-18 years 18.0% 17.5% 18.2%  
19-24 years 54.9% 55.0% 54.8%  
25-34 years 24.6% 25.5% 24.2%  
35-44 years 2.6% 2.0% 2.8% 

Race/Ethnicity 
 

   
Black non-Hispanic 55.2% 55.6% 55.0%  
White non-Hispanic 34.7% 34.4% 34.9%  
Hispanic 5.8% 6.2% 5.5%  
Asian, multiracial, or other 4.3% 3.7% 4.6% 

Educational Attainment 
 

   
Less than high school diploma 22.2% 21.6% 22.5%  
High school diploma or equivalent 35.3% 34.1% 35.8%  
Some college, less than bachelor's degree 34.5% 35.9% 33.7%  
Bachelor's degree or higher 7.6% 7.9% 7.4% 

Socioeconomic Characteristics 
 

   
Working for pay 52.8% 52.6% 52.9%  
Receiving one or more social service programs1 64.6% 65.3% 64.2%  
Housing Insecurity2 16.8% 17.5% 16.5%  
Food Insecurity3 36.5% 34.7% 37.4%  
Currently lives with parents 43.6% 44.3% 43.3%  
Sees father of child daily  79.7% 80.0% 79.5% 

Mental Health and Substance Use  
 

   
Depressive symptoms4 19.0% 18.6% 19.1%  
Received mental health treatment in last year 13.7% 13.5% 13.8%  
Experiencing high stress5 65.1% 65.1% 65.2% 

 Reported smoking cigarettes in 3 months pre-pregnancy 25.3% 26.7% 24.7% 

 Reported drinking alcohol in 3 months pre-pregnancy 50.6% 50.9% 50.5% 

Body Mass Index (BMI) Pre-Pregnancy 
 

   
Underweight (< 18.5) 5.4% 5.1% 5.6%  
Healthy weight (18.5 - 24.9) 36.7% 38.0% 36.1%  
Overweight (25 - 29.9) 21.3% 20.8% 21.5%  
Obese (≥ 30.0) 33.3% 32.2% 33.8% 

Other Pre-Pregnancy Health 
 

   
Self-reported health as fair/poor 12.1% 11.0% 12.7%  
Obtained care at emergency room in past six months 51.5% 52.2% 51.1% 

Family planning 
 

   
Has access to family planning or birth control 55.6% 55.3% 55.8%  
Reports a desire for more children in the future 67.6% 67.7% 67.6% 

Pregnancy characteristics at baseline    

 Received ≥ 1 prenatal care visit before enrollment  83.8% 83.0% 84.1% 

 Gestational age at trial enrollment (weeks) 14.8 14.5 14.9 

Notes 

1. Social services include TANF, SNAP, SSI, WIC or unemployment benefits. 

2. Housing insecurity is defined as having moved two or more times in the previous twelve months. 

3. Food insecurity is defined as reporting at least sometimes worrying that food will run out or running out of food and not 

having money to obtain more.  

4. Depressive symptoms are defined as scoring a 3 or higher on the Patient Health Questionnaire-2 (PHQ-2).  

5. High stress is defined as scoring a 4 or higher on the Perceived Stress Scale 4 (PSS-4).  
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3.6. Additional detail on home visiting services received  

 
Number of Home Visits 

 

Below are summary statistics and a histogram showing the number of home visits by subgroup.  

 

Table 3.6.1. Number of nurse home visits before index birth by subgroup 

  Number of Nurse Home Visits before Index Birth 

 N 

Participants 
Mean SD 25th Percentile Median 75th Percentile 

All 3018 9.4 5 6 10 13 

Vulnerable 1442 9.4 4.9 6 10 13 

Black 1573 9.3 5 6 9 13 

 

 

 

Figure 3.6.1. Distribution of number of nurse home visits before index birth by subgroup  
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Duration of home visits 

 

Below are summary statistics on the duration of prenatal home visits (in minutes) by subgroup 

 

Table 3.6.2. Duration of nurse home visits before index birth by subgroup 

   Duration of Home Visits 

 N 

Participants 

N  

Visits 
Mean SD 25th Pct 50th Pct 75th Pct 

All 2967 25208 70 47 60 60 75 

Vulnerable 1418 12018 70 43 60 60 75 

Black 1553 12983 70 48 60 60 75 

 

  

Visits by telehealth  

 

Below are summary statistics on the percent of prenatal home visits conducted via telehealth by subgroup  

 

Table 3.6.3 Proportion of home visits conducted by telehealth before index birth by subgroup 

  Proportion of Visits by Telehealth 

 N Participants No telehealth 
< 1/3  

of visits  

1/3 - 2/3  

of visits  

> 2/3  

of visits  

All 2967 71% 17% 8% 4% 

Vulnerable 1418 72% 17% 8% 3% 

Black 1553 70% 19% 7% 4% 
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NFP Program Domains  

 

This chart shows the average proportion of visit time spent on each of the NFP program domains by gestational age 

at the time of the nurse home visit  

 

Figure 3.6.2. Percent of home visit time on each NFP program domain by participant’s gestational age  

  
The NFP program domains are defined as follows:  

• Personal health: addresses clients’ health maintenance practices, nutrition and exercise, substance use 

involving cigarettes, alcohol or illicit drugs, and mental health functioning 

• Maternal role: addresses clients’ development of the maternal role and their acquisition of the knowledge 

and skills needed to promote the health and development of infants and toddlers 

• Environment: Ensure that home environment is conducive to mom and child health and development and 

ensure that outside home environment is conducive to child health.   

• Life course: focuses on clients’ goals related to planning future pregnancies, completion of their education 

and accessing employment 

• Friends and Family: Understanding broader network of family members and friends with an emphasis on 

understanding the cultural context and building on relationships, and at the same time guiding the mom to 

making healthy decisions for herself and baby.  
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3.7. Results by category of the Adequacy of Prenatal Care Utilization Index  

 

 
Sample 

Size 

Control 

Group 

Mean 

Treatment 

Group 

Mean 

Adjusted 

Treatment 

Effect 

95% CI 

Inadequate prenatal care  4522 15.7% 14.1% 0.297 (-2.0, 2.6) 

Intermediate prenatal care 4522 3.1% 3.4% 0.517 (-0.6, 1.6) 

Adequate prenatal care  4522 23.2% 20.2% -1.127 (-3.7, 1.5) 

Adequate plus prenatal care  4522 58.1% 54.8% 0.180 (-2.9, 3.2) 

Notes  

The treatment effect and 95% confidence intervals are intent-to-treat regression estimates controlling for a prespecified vector 

of baseline covariates. Outcomes are modeled as linear probability models. 

 

 

 

3.8. Receipt of guideline-based care any time during pregnancy  

 

 
Sample 

Size 

Control 

Group 

Mean 

Treatment 

Group 

Mean 

Adjusted 

Treatment 

Effect 

95% CI 

Gestational diabetes test (anytime) 4522 78.7% 72.7% 0.06 (-2.5, 2.6) 

Tdap vaccine (anytime) 4522 40.9% 37.1% -0.37 (-3.4, 2.7) 

Group B streptococcus test (anytime) 4522 78.7% 70.2% -2.29 (-4.9, 0.3) 

Notes  

1. We do not show results for the anatomy scan ultrasound at any time during pregnancy because that service is defined by 

receiving it during a specific gestational age (18-22 weeks). An ultrasound received outside of that gestational age window 

would not be considered an anatomy scan ultrasound.  

2. The treatment effect and 95% confidence intervals are intent-to-treat regression estimates controlling for a prespecified 

vector of baseline covariates. Outcomes are modeled as linear probability models. 
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3.9. Control group means by subgroup  

 

 Vulnerable Subgroup Black Non-Hispanic 

 Control Group Means  Control Group Means   

 

Not  

Vulnerable 

(N=825) 

 

Vulnerable 

(N=678) 

P-

Value 

Not Black 

Non-

Hispanic 

(N=618) 

Black Non-

Hispanic 

(N=780) 

P-

Value 

Prenatal care 

quantity/intensity       

At least adequate prenatal care 78.1% 77.4% 0.742 79.6% 76.6% 0.156 

Number of prenatal visits 12.4 12.5 0.630 12.8 12.3 0.061 

Number of prenatal 

ultrasounds 4.0 4.2 0.223 3.8 4.4 
<0.001 

Guideline-based prenatal care3        

Anatomy scan ultrasound  

(18-22 weeks) 69.2% 73.6% 0.043 72.3% 72.8% 0.828 

Gestational diabetes test  

(24-28 weeks) 53.6% 57.0% 0.173 57.5% 55.8% 0.499 

Tdap vaccination  

(27-36 weeks) 30.8% 31.6% 0.725 34.9% 28.1% 0.006 

Group B streptococcus test  

(35-37 weeks) 64.5% 64.5% 0.997 64.0% 68.1% 0.192 

 Specialist care during 

pregnancy 
      

Dental visit during pregnancy 13.7% 21.1% <0.001 18.0% 16.9% 0.572 

Maternal fetal medicine visit 7.1% 8.7% 0.239 8.0% 6.8% 0.342 

Number of emergency room 

visits 1.8 2.3 
<0.001 

1.9 2.2 0.007 

 Prenatal health             

Recommended gestational  

weight gain 23.8% 24.5% 0.720 22.1% 25.2% 0.151 
Smoking cessation during 

pregnancy 71.2% 62.8% 0.055 57.7% 80.9% <0.001 

Notes 

1. The vulnerable subgroup included participants who under 18 years old, had less than a high school education, presented 

with symptoms of depression (PHQ-2 score of 3 or greater), or reported having sought mental health treatment in the last 

year. 

2. Each guideline-based service is only measured among participants who reach the maximum end of the gestational window 

recommended for that service. Results without the gestational age constraint are found in the Supplement.   
3. Smoking cessation only measured among participants who reported smoking in the three months prior to pregnancy on the 

baseline survey prior to randomization. 
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3.10. Subgroup regression results with FDR sharpened q-values   

  Sample 

Size 

Control 

Group 

Mean 

Treatment 

Group 

Mean 

Adjusted 

Treatment 

Effect1 

95% CI1 

FDR 

Sharpened 

Q-Value2 

PANEL A. RESULTS FOR VULNERABLE SUBGROUP (N=2,120) 

Prenatal care quantity/intensity       
 At least adequate prenatal care 2120 81.0% 76.1% -1.99 (-5.7, 1.7) 0.840 
 Number of prenatal visits 2120 13.1 12.4 1.00 (1.0, 1.0) 0.840 
 Number of prenatal ultrasounds 2120 4.3 4.0 0.99 (0.9, 1.1) 0.840 

Guideline-based prenatal care3       

 Anatomy scan ultrasound  

(18-22 weeks) 2120 76.7% 70.3% -0.41 (-4.3, 3.5) 0.835 

 Gestational diabetes test (24-28 

weeks) 2094 59.7% 53.9% -1.13 (-5.7, 3.4) 0.835 
 Tdap vaccination (27-36 weeks) 1885 33.6% 31.2% -1.06 (-5.6, 3.5) 0.835 

 Group B streptococcus test  

(35-37 weeks) 1266 67.4% 61.1% -3.38 (-9.1, 2.3) 0.835 

Specialist care during pregnancy        
 Dental visit during pregnancy 2120 22.3% 18.0% 2.90 (-1.0, 6.8) 0.237 
 Maternal fetal medicine (MFM) visit 2120 8.7% 8.1% 1.98 (-0.8, 4.7) 0.237 

 Number of emergency room visits 2120 2.3 2.0 1.04 (0.9, 1.2) 0.474 

Prenatal health       

 Recommended gestational weight gain 2120 25.5% 23.8% -0.07 (-4.0, 3.9) 0.974 
 Smoking cessation during pregnancy4 631 63.0% 68.6% 1.09 (-6.9, 9.1) 0.974 

PANEL B. RESULTS FOR BLACK NON-HISPANIC SUBGROUP (N=2,354) 

Prenatal care quantity/intensity       

 At least adequate prenatal care 2354 79.1% 76.4% 1.01 (-2.4, 4.5) 0.848 

 Number of prenatal visits 2354 12.8 12.4 1.03 (1.0, 1.1) 0.319 

 Number of prenatal ultrasounds 2354 4.6 4.0 0.99 (0.9, 1.1) 0.878 

Guideline-based prenatal care3       

 
Anatomy scan ultrasound  

(18-22 weeks) 2354 75.8% 70.4% 1.49 (-2.1, 5.1) 0.422 

 
Gestational diabetes test (24-28 

weeks) 2319 58.1% 54.0% 2.87 (-1.4, 7.1) 0.246 

 Tdap vaccination (27-36 weeks) 2060 29.6% 31.9% 2.89 (-1.4, 7.2) 0.246 

 
Group B streptococcus test  

(35-37 weeks) 1334 71.1% 60.3% -3.87 (-9.2, 1.5) 0.246 

Specialist care during pregnancy        

 Dental visit during pregnancy 2354 18.2% 18.6% 2.70 (-0.7, 6.1) 0.371 

 Maternal fetal medicine visit 2354 6.9% 8.4% 0.70 (-1.5, 2.9) 0.541 

 Number of emergency room visits 2354 2.2 2.0 1.04 (0.9, 1.2) 0.541 

Prenatal health       

 Recommended gestational weight gain 2354 26.5% 23.6% -1.57 (-5.3, 2.2) 0.822 

 Smoking cessation during pregnancy4 414 81.4% 66.0% -0.34 (-8.3, 7.6) 0.933 

Notes  

1. The treatment effect and 95% confidence intervals are intent-to-treat regression estimates controlling for a prespecified 

vector of baseline covariates (see Supplement). All outcomes are modeled as linear probability models except for the count 

outcomes (number of prenatal visits, prenatal ultrasounds, and emergency room visits) which are modeled using Poisson 

regressions with a log-link and robust standard errors.  
2. We use a Benjamini-Hochberg approach to controlling the false discovery rate at 5% within each of these four outcome 

domains. 
3. Each guideline-based service is only measured among participants who reach the maximum end of the gestational window 

recommended for that service. Results without the gestational age constraint are found in the Supplement.   
4. Smoking cessation only measured among participants who reported smoking in the three months prior to pregnancy on the 

baseline survey prior to randomization. 
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3.11. Regression results with FDR sharpened q-values in index birth sample 

 

  Sampl

e Size 

Cont-

rol 

Group 

Mean 

Treatm-

ent 

Group 

Mean 

Adjusted 

Treatm-

ent 

Effect1 

95% CI1 

FDR 

Sharp-

ened Q-

Value2 

Prenatal care quantity/intensity       

 At least adequate prenatal care 4932 81.6% 74.6% -0.73 (-3.1, 1.6) 0.805 

 Number of prenatal visits 4932 13.1 12.2 1.01 (1.0, 1.0) 0.805 

 Number of prenatal ultrasounds 4932 4.1 4.1 1.00 (1.0, 1.0) 0.999 

Guideline-based prenatal care3       

 Anatomy scan ultrasound  

(18-22 weeks) 
4932 71.5% 71.0% -0.21 (-2.9, 2.5) 0.876 

 Gestational diabetes test  

(24-28 weeks) 
4866 55.3% 54.3% -0.84 (-3.8, 2.1) 0.876 

 Tdap vaccination  

(27-36 weeks) 
4364 31.3% 31.7% 0.64 (-2.3, 3.6) 0.876 

 Group B streptococcus test  

(35-37 weeks) 
2880 64.8% 60.5% -4.06 (-7.8, -0.3) 0.138 

Specialist care during pregnancy        

 Dental visit during pregnancy 4932 17.2% 19.2% 2.08 (-0.2, 4.4) 0.232 

 Maternal fetal medicine visit 4932 7.8% 8.4% 0.62 (-1.0, 2.2) 0.683 

 Number of emergency room visits 4932 2.0 2.0 1.01 (0.9, 1.1) 0.719 

Prenatal health       

 
Recommended gestational weight 

gain 
4932 25.3% 23.4% 0.11 (-2.5, 2.7) 0.932 

 
Smoking cessation during 

pregnancy4 
1249 65.4% 68.9% 1.17 (-4.3, 6.7) 0.932 

Notes  

1. The treatment effect and 95% confidence intervals are intent-to-treat regression estimates controlling for a prespecified 

vector of baseline covariates (see Supplement). All outcomes are modeled as linear probability models except for the count 

outcomes (number of prenatal visits, prenatal ultrasounds, and emergency room visits) which are modeled using Poisson 

regressions with a log-link and robust standard errors.  
2. We use a Benjamini-Hochberg approach to controlling the false discovery rate at 5% within each of these four outcome 

domains.  
3. Each guideline-based service is only measured among participants who reach the maximum end of the gestational window 

recommended for that service. Results without the gestational age constraint are found in the Supplement. 
4. Smoking cessation only measured among participants who reported smoking in the three months prior to pregnancy on the 

baseline survey prior to randomization.  
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C. Appendix for Chapter 3 

 

Appendix A. Additional methodological details  

 

A.1. Outcome definitions 

 

The outcomes were defined as:  

 
Number of Medicaid Births with Y=1 in PCSA-Year

Number of Females Ages 15-44 in PCSA-Year/10,000 × 
Number of Medicaid Births in PCSA-Year

Number of Births in PCSA-Year

 

 

We interpret this quantity as the rate of Y (e.g., low birth weight) in the population of 

reproductive age females covered by Medicaid (or “population rate”, for concision). As 

described in the main text, we approximate the number of females of reproductive age covered 

by Medicaid by multiplying the number of females of reproductive age by the percent of births 

covered by Medicaid. Since Medicaid eligibility is higher for pregnant individuals than for low-

income individuals of reproductive age (see Figure A.1), we would expect the denominator to 

overestimate the number of females of reproductive age on Medicaid. The full quantity therefore 

underestimates the population rate of the outcome.   

 

This approach could introduce bias if the difference in the percent of births and the percent of the 

reproductive population covered by Medicaid is different in the treated and never-treated areas. 

We examined this by comparing the percent of births covered by Medicaid (from the vital 

records data) and the percent of females ages 19-64 covered by Medicaid (from the American 

Community Survey) between 2012-2019.  

 

The percent of births covered by Medicaid declined over 2012-2019 (Table A.1). The most likely 

explanation for this trend is that as the birthing population became older and more highly 

educated, they were more likely to have access to employer-based insurance. The percent of 

females ages 19-64 covered by Medicaid increased, likely because of expanded Medicaid 

coverage to adults.  

 

The difference between these two quantities was similar in the treated and never-treated groups, 

but was slightly larger in the treated group from 2012-2015 (differential difference < 0). This 

means we differentially underestimate the population rate of the outcome in the treated group, 

which could bias our results towards the null. However, the use of the synthetic control that 

balances on pre-period outcome trends and the stacking of calendar years in event time should 

ameliorate these concerns.   
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Figure A.1. California Medicaid Income Eligibility Limits over Study Period by Category 

 
Source: Kaiser Family Foundation. Since 1997, California has used state-only funds to provide pregnancy-only 
Medicaid coverage to low-income pregnant people, regardless of immigration status.1  

 

 
Table A.1. Changes in Medicaid Coverage in Birthing and Female Population, by Year and Treatment 

Group   

Percent of Births Covered 

by Medicaid 

Percent of Females  

Ages 19-64  

Covered by Medicaid 

Difference 

(percentage points) 
Differential 

Difference 

(percentage 

points) Year 

Never-

Treated Treated 

Never-

Treated Treated 

Never-

Treated Treated 

2012 37% 42% 12% 12% 25 30 -5 

2013 37% 41% 13% 13% 25 29 -4 

2014 36% 41% 14% 15% 23 25 -3 

2015 36% 39% 15% 17% 21 23 -1 

2016 36% 39% 17% 19% 20 20 0 

2017 37% 39% 18% 21% 19 19 1 

2018 36% 39% 20% 23% 16 16 0 

2019 35% 37% 20% 24% 14 13 1 
 

Notes:  

1. The “difference” is the percent of births covered by Medicaid minus the percent of females ages 19-64 covered by 

Medicaid for that treatment group and year. 

2. The differential difference is the “difference” in the never-treated group minus the “difference” in the treated group for that 

year. 

3. The treated group for each year includes all PCSAs that were treated by that year.  
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A.2. Technical detail on the synthetic control method 

 

Overview  

 

We used the Synthetic Controls with Staggered Adoption approach described in Ben-Michael, 

Feller, and Rothstein (2021).2 This approach generalizes the synthetic control method (SCM) – 

developed in the empirical setting of a single treated unit3 – to the setting with multiple units 

treated at different times. The SCM creates a weighted combination of all potential control units 

(“donor units”) to use as the control group. The weights minimize the squared imbalance 

between the pre-period outcomes in the treated units and the control units.1  

 

The procedure described in Ben-Michael et al. is a partially pooled SCM as it combines two 

types of synthetic controls: the pooled approach and the separate approach.  

• The pooled approach creates a synthetic control for the average treated unit.  

• The separate approach creates a synthetic control for each treated unit.  

 

Since the pooled approach optimizes the fit of the average treated unit, it can lead to worse fit for 

individual treated units. The separate approach leads to better fit for individual treated units and 

worse fit for the average treated unit. The partially pooled synthetic control creates a weighted 

combination of these two synthetic controls to minimize the bias from each. 

 

Setup  

 

For units 𝑖 = 1, … , 𝑁 and time periods 𝑡 = 1, … , 𝑇, let 𝑌𝑖𝑡 be the outcome for unit i in time t. 

Each unit is treated in year 𝑇𝑖, and never-treated units have 𝑇𝑖 = ∞. Event-time, or time relative 

to the year of treatment for any unit, j, is 𝑘 = 𝑡 − 𝑇𝑗 

 

Assumptions  

 

1) No anticipation: there is no effect of treatment prior to its implementation. For treatment time 

s, this implies that 𝑌𝑖𝑡(𝑠) = 𝑌𝑖𝑡(∞) for 𝑡 < 𝑠.  

2) Data generating process: the untreated potential outcomes follow either a time-varying 

autoregressive process or a linear factor model. Ben-Michael et al. use these two models to 

derive error bounds, which we do not describe here.  

3) Restriction on the tail behavior: 𝜖𝑖𝑡 are sub-Gaussian random variables with scale parameter 

𝜎. This assumption is necessary for the finite sample estimation bounds derived in Ben-

Michael et al. (not described here).  

 

Ben-Michael et al. also assume that all treated units are observed for at least several periods 

before being treated and at least 𝐾 ≥ 0 periods after treatment. There is no consensus in the 

SCM literature for how to determine the optimal number of pre-treatment periods. Most of the 

 
1 It is possible to also include pre-period covariates in the optimization procedure. We have not done so for two 

primary reasons. First, the procedure is sensitive to which covariates are included and this reintroduces researcher 

choice and discretion into an otherwise data-driven process. Second, the procedure cannot account for the time-

varying nature of relevant covariates such as demographic and health characteristics of births in each PCSA. 
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literature takes a “more is better” approach, assuming that the longer back in time that a donor 

unit resembles a treated unit, the better counterfactual it will be in the post period.4 However, this 

may not be the case if the characteristics of these units vary over the course of the pre-period.3  

 

Our outcome data start in 2007, and we define 2011 as our first treatment year. This leaves 4 

years of pre-period data in our analysis.  

 

Estimation and Inference  

 

The treatment effect for unit j at event-time k, 𝜏𝑗𝑘, is the difference between its potential 

outcomes under treatment (observed) and if it were never-treated (counterfactual, unobserved):  

𝜏𝑗𝑘 = ∑ 𝑌𝑗𝑇𝑗+𝑘
(𝑇𝑗) − 𝑌𝑗𝑇𝑗+𝑘

(∞)𝐽
𝑗=1  

The primary estimand of interest is the average of 𝜏𝑗𝑘 across treated units, or the treatment effect 

on the treated (ATT) k years after treatment onset: 

𝐴𝑇𝑇𝑘 =
1

𝐽
∑ 𝜏𝑗𝑘

𝐽

𝑗=1

=
1

𝐽
∑ 𝑌𝑗𝑇𝑗+𝑘

(𝑇𝑗) − 𝑌𝑗𝑇𝑗+𝑘
(∞)

𝐽

𝑗=1

 

We also report the average ATT across all post-treatment periods: 𝐴𝑇𝑇 =
1

𝐾+1
∑ 𝐴𝑇𝑇𝑘

𝐾
𝑘=0  

 

Each treated unit’s unobserved untreated potential outcome, 𝑌𝑗𝑇𝑗+𝑘
(∞), is proxied by its 

synthetic control, 𝑌̂𝑗𝑇𝑗+𝑘
(∞). The estimator, 𝐴𝑇𝑇̂𝑘, is therefore  

𝐴𝑇𝑇̂𝑘 =
1

𝐽
∑ 𝜏̂𝑗𝑘

𝐽

𝑗=1

=
1

𝐽
∑ 𝑌𝑗𝑇𝑗+𝑘

(𝑇𝑗) − 𝑌̂𝑗𝑇𝑗+𝑘
(∞)

𝐽

𝑗=1

 

For statistical inference, Ben-Michael et al. recommend a wild bootstrap procedure. Their 

approach is adapted from the literature on bias-corrected matching estimators.5,6  

 

Synthetic control units and donor pool  

 

The synthetic control is constructed from all potential control units, or the donor pool. Ben-

Michael et al. use a fixed donor pool, 𝒟𝑗𝑘, for every treated unit, rather than allowing the donor 

pool for each treated unit to vary with k. The donor pool includes both never-treated units and 

later-treated units so long as there are any units, i, treated at least K years after the first treated 

unit (𝐾 ≥ 𝑇𝑖 − 𝑇1). The later-treated units included in the donor pool 𝒟𝑗𝑘 must be treated more 

than K years after the treated unit, 𝑇𝑗.  

 

Each unit in the donor pool is assigned a weight by which it contributes to the synthetic control. 

The weights are the solution to a constrained optimization problem: they minimize the squared 

imbalance between the pre-period outcomes of the treated unit and the donor units. The weights 

are non-negative and, across all donor units, sum to one. Donor units receive a positive weight, 

and contribute to the synthetic control, if their pre-period outcomes resemble the treated units’.  
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Donor units that do not resemble the pre-period outcomes for the treated unit receive a weight of 

zero and do not contribute to the synthetic control. The optimization procedure includes a 

regularization parameter to penalize the weights towards uniformity. 

 

Assessing fit  

 

This approach depends on how good of a proxy 𝑌̂𝑗𝑇𝑗+𝑘
(∞) is for 𝑌𝑗𝑇𝑗+𝑘

(∞). One way to assess 

this is by observing whether the pre-treatment differences between the treated group and 

synthetic control are close to zero, or 𝐴𝑇𝑇𝑘 ≈ 0 for 𝑘 < 0. Ben-Michael et al. develop balance 

measures that are appropriate for the staggered adoption setting and the partially pooled 

estimator; 𝑞𝑝𝑜𝑜𝑙  and 𝑞𝑠𝑒𝑝  evaluate the imbalance in the global and separate approaches, 

respectively. Both should be close to zero, though this is not always possible. The partially 

pooled approach therefore uses a data-driven hyperparameter, 𝜈, which minimizes a weighted 

average of the normalized squares of each quantity.  
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Appendix B. Estimated Average Treatment Effects on the Treated (ATTs) for Primary 

Outcomes 

 

 Years Since 

Treatment (k) 

Estimated 

ATT 

Standard 

Error 

Bootstrap 95% 

Confidence Interval 

Early prenatal care initiation  Average 4.4 14.3 -23.3, 30.3 

𝑘 = 1 17.6 19.6 -20.8, 53.2 

𝑘 = 2 8.2 17.4 -25.9, 41.4 

𝑘 = 3 -10.8 14.1 -40.5, 16.6 

Low birth weight  Average 1.1 2.9 -4.8, 6.4 

𝑘 = 1 3.7 4.9 -6.1, 12.0 

𝑘 = 2 -2.6 4.0 -10.7, 4.7 

𝑘 = 3 -1.0 4.0 -9.0, 6.8 

Preterm birth  Average -5.2 4.8 -14.2, 4.4 

𝑘 = 1 -3.5 5.5 -14.1, 7.6 

𝑘 = 2 -13.6 7.6 -27.3, 2.5 

𝑘 = 3 -5.6 5.7 -17.9, 4.7 

Note: Average represents the average effect across all the 𝑘 ∈ {1,3} post-periods  
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Appendix C. The Impact of the First FQHC in a PCSA on Population-Specific Birth Rates  

 

Figure C.1. The Impact of the First FQHC in a PCSA on Population-Specific Birth Rates 
 

 
Note: The black dots show the  𝐴𝑇𝑇̂𝑘, or difference between the treatment group and synthetic control, for each k 

years relative to the year of treatment (k=0). See Appendix A for details on outcome construction.  

 

 

Table C.1 Estimated Average Treatment Effects on the Treated (ATTs) for Population-Specific 

Birth Rates 

 Years Since 

Treatment (k) 

Estimated 

ATT 

Standard 

Error 

Bootstrap 95% 

Confidence Interval 

Population rate of births to Hispanic 

individuals with Medicaid  

Average -13.8 13 -38.5, 10.3 

𝑘 = 1 -8.9 13.7 -35.9, 16.5 

𝑘 = 2 -14.4 17.3 -49.1, 17.6 

𝑘 = 3 -32.6 16.4 -64.9, -2.5 

Population rate of births to teens with 

Medicaid  

Average -5.2 4 -12.6, 3.1 

𝑘 = 1 -2.4 5 -11.6, 7.6 

𝑘 = 2 -5.9 5 -15.3, 4.2 

𝑘 = 3 -9.7 5.8 -20.8, 1.9 

Population rate of births with Medicaid  Average -5.2 4.8 -14.2, 4.4 

𝑘 = 1 -3.5 5.5 -14.1, 7.6 

𝑘 = 2 -13.6 7.6 -27.3, 2.5 

𝑘 = 3 -5.6 5.7 -17.9, 4.7 

Note: Average represents the average effect across all the 𝑘 ∈ {1,3} post-periods  
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Appendix D. Comparing Weights on Potential Control Group PCSAs for the Primary Outcomes  
 

 
Note: Each row represents one of the never-treated or later-treated PCSAs that could be in the synthetic control for 

each treated cohort (shown along x-axis). Darker colors indicate higher weights.  

 


