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Background: Prenatal care (PNC) is an important preventive health service that can influence the 

health of the four million women who give birth annually in the United States, and the health 

their infants. Despite efforts to increase women’s access to PNC services, significant disparities 

in PNC utilization and maternal/child health outcomes by insurance type and race/ethnicity 

persist in the United States. The past decade has witnessed several major health reforms at both 

national and state levels. However, the impact of these reforms on the quality of PNC, and on 

disparities in PNC utilization is not known. In 2012, the state of Oregon established Coordinated 

Care Organizations (CCOs) as comprehensive providers of care for Oregon’s Medicaid 

beneficiaries. CCOs are characterized by a global budget payment mechanism and financial 

incentives for high quality care. Timely initiation of PNC – which has been associated with 

improved maternal and infant health and utilization outcomes – is one of seventeen quality 

metrics for which CCOs can receive incentive payments.  

 



 

 

Objectives: The first objective of the current study was to estimate the impact of CCO 

implementation on the probability of initiating PNC in the first trimester, and on PNC adequacy 

among Oregon Medicaid beneficiaries. The second objective of the study was to determine if the 

implementation of CCOs influenced disparities in PNC utilization between Medicaid and 

privately-insured women, and between non-Hispanic White women and Hispanic/non-Hispanic 

Black women.  

Study Design: This quasi-experimental retrospective observational study drew from two data 

sources: Oregon Vital Records (Birth Certificate statistical files) from the department of Health 

Analytics of the Oregon state public health department and Washington State’s Linked Birth- 

CHARS (Comprehensive Hospital Abstract Reporting System) data from the Washington State 

department of health. A difference-in-differences approach examined PNC utilization before and 

after CCO implementation.  Washington State served as the control group, as its Medicaid 

financing and delivery systems remained unchanged. Multivariable linear probability analysis 

was used to control for confounding factors, including maternal age, race/ethnicity, education, 

parity, marital status, smoking history, previous preterm birth, and maternal morbidity. 

Population Studied: All births in Oregon and Washington from 2008 – 2013, which were 

covered by either Medicaid or private insurance, were included in the analysis. Since CCOs 

started operating mid-year in 2012, June through December 2012 was considered a transition 

period and births during this period were excluded from the analysis.  

 

 

 



 

 

Principal Findings: CCO implementation was associated with a significant increase in the 

probability of PNC initiation in the first trimester and a reduction in insurance-type disparities in 

first trimester PNC initiation and PNC adequacy among Oregon Medicaid beneficiaries. 

Racial/ethnic disparities did not change following CCO implementation. 

Conclusions: The implementation of CCOs in Oregon had a positive impact on the timeliness of 

PNC initiation among Medicaid beneficiaries, and also reduced disparities in PNC quality 

between Medicaid and privately-insured women. 

Implications for Policy or Practice: The ongoing health system transformation in Oregon 

provides an ideal setting to assess the impact of a novel health service delivery model on PNC 

utilization. If Oregon is successful in this bold and unprecedented move, it could serve as a 

model for other Medicaid and commercial health plans seeking to improve PNC quality. Further 

study on the longer-term effects of CCO implementation on PNC quality as well as the effect of 

CCOs on other health care domains, is warranted.  
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INTRODUCTION 
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1.1 Overview 

Prenatal care (PNC) utilization is an important marker of access to healthcare 

services (Gortmaker, 1979; Kogan, Martin, et al., 1998a; Rosen, Merkatz, & Hill, 1991) 

and timely PNC initiation is a measure of quality of care (K. Johnson, Applegate, & Gee, 

2015). Pregnant women who experience individual or structural barriers, such as lack of 

health insurance or language  barriers, utilize less health care than their counterparts 

(Cook, Selig, Wedge, & Gohn-Baube, 1999; Feijen-de Jong et al., 2012; Shaffer, 2002). 

Late and/or inadequate PNC utilization has also been linked to increased rates of low birth 

weight, preterm birth, stillbirth and infant death (Cox, Zhang, Zotti, & Graham, 2011; Faiz, 

Demissie, Rich, Kruse, & Rhoads, 2012; Partridge, Balayla, Holcroft, & Abenhaim, 2012). 

PNC initiation in the first trimester is recommended by the American College of 

Obstetricians and Gynecologists, the American Academy of Pediatrics (AAP & ACOG, 

2012) and the Centers for Disease Control and Prevention (CDC, 2011). Increasing the 

proportion of women who initiate PNC early is also one objective of HealthyPeople 2020 

(HealthyPeople, 2015).  

Medicaid is a major payer for maternity-related services and pays for almost 50% 

of births nationally, and over 40% of births in Oregon (Markus, Andres, West, Garro, & 

Pellegrini, 2013; Ranji & Salganicoff, 2009). Medicaid coverage and expansions have 

significantly increased access to PNC for low-income pregnant women (KFF, 2015b). 

Medicaid has also been credited for reducing disparities in health care access (KFF, 

2015b). However, disparities in PNC utilization by insurance-type (Laditka, Laditka, 

Mastanduno, Lauria, & Foster, 2005) and race/ethnicity (Bryant, Worjoloh, Caughey, & 

Washington, 2010; Dubay, Joyce, Kaestner, & Kenney, 2001), have persisted in the United 
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States. A review of racial/ethnic disparities in PNC utilization before and during Medicaid 

expansion in 1989 (a provision of the Omnibus Budget Reconciliation Act; OBRA 89), 

found that compared to White women, women of color had 2.5 times higher odds of 

inadequate PNC
1

  before the expansions and this reduced to 2.0 times higher odds of 

inadequate PNC during the expansions (Ruwe, Capitman, Bengiamin, & Soto, 2010). 

The frequency of PNC visits and rates of early PNC initiation have been shown to 

respond to health delivery system changes under Medicaid including the move from fee-

for-service (FFS) to managed care (Howell, Dubay, Kenney, & Sommers, 2004; Roohan, 

Butch, Anarella, Gesten, & Shure, 2006; Sloan, Conover, Mah, & Rankin, 2002). PNC 

utilization has also been shown to be positively associated with Medicaid reimbursement 

rates in FFS contracts (Gray, 2001; Sonchak, 2015). Much less is known about how PNC 

utilization is impacted by other ‘higher level’ changes in healthcare delivery - such as 

global payments, integrated provider networks, and pay-for-performance - all of which are 

gaining momentum in the current healthcare environment.  Given that childbirth is the 

number one reason for hospitalization in the U.S. (Pfuntner, Wier, & Stocks, 2013), and 

that PNC can potentially influence maternal and infant health outcomes including preterm 

birth, low birth weight (CDC, 2014; Cox et al., 2011; Faiz et al., 2012) which are 

associated with increased utilization and health care costs, optimizing PNC utilization is of 

significant interest to patients, providers, and payers. Consequently, tracking the impact of 

health delivery and payment reforms on PNC utilization and quality is a priority. 

The ongoing health system transformation in Oregon provides an ideal setting to 

assess the impact of a novel health service delivery model on PNC utilization. In 2012, the 

                                                           
1
 Based on the timing of PNC initiation (first trimester or later) and the number of visits.
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state of Oregon initiated a major step in transforming healthcare delivery for the Oregon 

Health Plan (OHP; which is the Oregon Medicaid Insurance Plan) (Howard, Bernell, 

Yoon, Luck, & Ranit, 2015; McConnell et al., 2014). This step involved the establishment 

of accountable care organizations (ACOs) in OHP renamed Coordinated Care 

Organizations (CCOs) as the primary provider of integrated medical, behavioral, and 

dental  health services for OHP members. CCOs are geographically defined and are 

characterized by a global budget payment mechanism, and financial incentives based on 

quality of care (Howard et al., 2015; McConnell et al., 2014).  

The objective of this research is to assess the impact of CCO implementation on PNC 

utilization among Oregon Medicaid beneficiaries by applying rigorous empirical methods 

that can measure change, while controlling for the influence of secular trends that may 

have occurred, or did occur, alongside CCO implementation.  Given that CCO 

implementation targeted Medicaid beneficiaries, and that racial/ethnic minority groups are 

typically over-represented in Medicaid populations, the second objective of this study is to 

assess the impact of CCO implementation on disparities in PNC utilization by insurance-

type and by race/ethnicity.  

If Oregon is successful in improving quality of care in this unprecedented move, 

Oregon could serve as a model for other Medicaid and private insurance programs seeking 

to improve PNC quality. This study and other similar research are crucial components of 

the process of ascertaining what works, and what can/should serve as a model for other 

programs.  

 

1.2 Health policy and health reform in Oregon  
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The state of Oregon has built a reputation of pioneering bold health policies and 

reforms in the United States. For example, in 1997 Oregon became the first state to 

implement the Death with Dignity Act allowing for the practice of physician-assisted 

suicide, which remains a highly controversial topic in the US (Ganzini et al., 2000; "The 

Oregon Death with Dignity Act," 1995). Washington State, Vermont, and California have 

subsequently implemented similar laws following Oregon’s example 

(Deathwithdignity.org). In obstetrics specifically, Oregon implemented a state-wide hard-

stop policy in 2011 limiting elective deliveries prior to 39 completed weeks’ gestation 

(OAHHS, 2012). Although similar policies had been implemented at the hospital and  

health-system level in other parts of the country (Donovan et al., 2010; Ehrenthal, 

Hoffman, Jiang, & Ostrum, 2011; Oshiro, Henry, Wilson, Branch, & Varner, 2009), 

Oregon was the first state to implement such a policy at the state level through the Oregon 

Perinatal Collaborative, ensuring participation of all major health systems in the state by 

2012 (OAHHS, 2012, 2013).  

There have also been initiatives specific to the Oregon Medicaid program. In the 

“Oregon Experiment” of 2008, a lottery was used to allocate limited Medicaid slots to 

individuals on a wait list for Medicaid coverage (Baicker & Finkelstein, 2011). This 

‘random assignment of coverage’ has been an important platform for several studies that 

have contributed significantly to our understanding of utilization behavior and the health 

impacts of insurance coverage because it addressed the endogeneity challenge usually 

faced when studying the effect of insurance status on health and health care utilization 

(Baicker & Finkelstein, 2011; Baicker et al., 2013; DeVoe et al., 2015; Heintzman, Gold, 

Bailey, & DeVoe, 2014; Taubman, Allen, Wright, Baicker, & Finkelstein, 2014). CCO 



6 

 

implementation is the most recent of several innovative policies that that have been rolled 

out in Oregon. 

It is important to note that the recent health system transformation in Oregon has 

been unfolding within a broader context of important national health policy and systems 

reforms and these are discussed in the following sections. 

 

1.3 Medicaid Expansion under the Affordable Care Act  

The Patient Protection and Affordable Care Act (ACA), signed into law by 

President Obama in March 2010, has had major impacts on the healthcare environment in 

all states of the US. In addition to major elements of the ACA, like the individual mandate 

and the establishment of health exchanges in each state, the ACA also made provisions for 

expanding Medicaid by setting the income eligibility at 138% of the federal poverty level 

for all low-income adults. Although the original intent of the ACA was for Medicaid to be 

expanded in every state, in June 2012 the Supreme Court ruled that Medicaid expansion 

was optional for states (KFF, 2012b), and currently 31 states (including Oregon) and the 

District of Columbia have opted for Medicaid expansion under the ACA (KFF, 2016a).  

Medicaid expansion under the ACA took effect in January 2014 and Oregon has 

experienced an increase in the number of Medicaid enrollees from over 626,000 

beneficiaries in July 2013 to over 900,000 beneficiaries in March 2014 – a 43% jump in 

enrollment (KFF, 2014). This growth in enrollment directly impacts Oregon CCOs because 

CCOs are geographically defined and must provide coverage for eligible individuals that 

fall within their assigned geography. Increased enrollment may provide CCOs with more 

opportunity to realize savings; however, CCOs may also be overwhelmed by the increased 
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demand for health services for the newly insured. Medicaid expansion also means that 

more Medicaid beneficiaries will be covered for longer periods. This is particularly 

important with regards to caring for pregnant women because prior to Medicaid expansion, 

most women only qualified for Medicaid coverage as a result of pregnancy and typically 

lost this coverage after 60 days postpartum. In the current post-Medicaid expansion era, 

low-income women will be eligible for Medicaid prior to pregnancy and will remain 

eligible for Medicaid coverage following delivery, and CCOs will continue to be 

responsible for caring for these women. This underscores the need for cost control 

measures to ensure the financial viability of Medicaid programs. 

 

1.4 Emergence of Accountable Care Organizations (ACOs) 

The terminology of accountable care organizations (ACOs) was first introduced by 

Dr. Elliot Fisher of the Dartmouth Institute for Health Policy and Clinical Practice 

(Longworth, 2011). In their study published in Health Affairs in 2007, Fisher and 

colleagues demonstrated that all physicians are affiliated with a local short-term stay 

hospital either directly or indirectly and they described physicians as “extended hospital 

staff” (Fisher, Staiger, Bynum, & Gottlieb, 2007). They posited that it is feasible for a 

hospital along with its extended medical staff, to be the locus of accountability (rather that 

the commonly accepted expectation that each hospital or physician is only accountable for 

the care that is within their direct control) because of the strong affiliations that exist 

between providers, and also due to the fact that a significant proportion of care received by 

Medicare beneficiaries is provided by a hospital and its extended staff (Fisher et al., 2007). 

This shared accountability has the advantage of allowing the assessment of performance to 
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be based on patients’ longitudinal experiences which is rarely done in practice but is 

arguably better than judging episodic experiences. Shared accountability also fosters local 

organizational accountability for capacity and creates a large resource base that can be 

used to meaningfully improve quality and reduce costs (Fisher et al., 2007). 

In 2009, the Special Commission on the Health Care Payment System in 

Massachusetts defined ACOs as “organizations that accept responsibility for all or most of 

the care enrollees need” and recommended the development of ACOs to combat the 

problem of escalating costs associated with the FFS model (Kirwan & Iselin, 2009). The 

committee also recommended that payment to providers should reward efficiency, timely 

access to quality care, and coordination of care (Kirwan & Iselin, 2009).  

The Medicare Payment Advisory Commission (MEDPAC) in their June 2009 

report to congress also promoted ACOs as a means of potentially increasing quality of care 

and reducing costs. MEDPAC defined ACOs as “a set of providers held responsible for the 

quality and cost of health care for a population of Medicare beneficiaries” and 

recommended that ACOs should consist of primary care providers, specialists, and at least 

one hospital (MEDPAC, 2009). In the MEDPAC report, it was recommended that ACOs 

receive a financial reward for meeting quality targets and cost targets (and face a financial 

penalty for failing to meet these targets),  and that spending targets should be set in 

advance (MEDPAC, 2009). Unlike Fisher et al. (2007) and Kirwan & Iselin (2009) who 

suggested that ACOs could either be incorporated or contractual, MEDPAC recommended 

that ACOs should be formal organizations (MEDPAC, 2009). 

The ACA originally established ACOs to provide coordinated care for Medicare 

beneficiaries with the goal of promoting efficiency within the FFS model. This move 
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involved the creation of Medicare Shared Savings Program (MSSP) which offers providers 

a portion of net savings realized as a result of providers’ efforts to reduce health care 

spending without compromising quality (Bailit & Hughes, 2011). The Centers for 

Medicare and Medicaid Services (CMS) sets performance benchmarks and financially 

rewards ACOs for achieving these benchmarks (Boland, Polakoff, & Schwab, 2010). 

Studies examining pioneer Medicare ACOs have reported improvements in timely access 

to care and decreased utilization of emergency department and physician services 

(McWilliams, Landon, Chernew, & Zaslavsky, 2014; Nyweide et al., 2015). Findings on 

the impact of ACOs on Medicare spending have been mixed with some studies finding 

reduced spending among ACOs relative to other Medicare FFS and others reporting no 

difference in spending (McWilliams, Hatfield, Chernew, Landon, & Schwartz, 2016; 

Nyweide et al., 2015). 

Subsequently, the ACO model has proliferated in both commercial and Medicaid 

plans, and the term ‘ACO’ is now used to describe a variety of health provider 

organizations who take responsibility for providing coordinated care for a defined 

population of patients, who are evaluated based on the quality of care they provide, and 

who are eligible to share in realized savings (KFF, 2012a). Oregon authorized legislation 

for its Medicaid ACOs (CCOs) in 2011 (House bill 3650) and CCOs became operational in 

2012 (McConnell et al., 2014). Oregon was one of the first five states with Medicaid ACO 

initiatives in place in 2012 (KFF, 2012a) and one of eleven states with Medicaid ACOs in 

place by 2015 (KFF, 2016b). Other states with Medicaid ACOs in place by 2015 include 

Colorado, Hawaii, Illinois, Iowa, Maine, Minnesota, New Mexico, South Carolina, Utah, 
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and Vermont (KFF, 2016b). California, Massachusetts, and New Jersey intend to 

implement Medicaid ACOs in 2016 (CHCS, 2016; KFF, 2016b).  

 

1.5 Oregon Coordinated Care Organizations (CCOs) 

The CCOs were established in 2012 and formed the foundation for Oregon’s Medicaid 

Transformation (McConnell et al., 2014). “A CCO is a network of physical, mental, and 

dental health care providers linked to publicly funded health programs, including the local 

mental health authority” (Howard et al., 2015). The CCOs were instituted as part of an 

agreement between CMS and the state of Oregon with the aim of reducing the rate at 

which Medicaid costs were rising, without compromising quality (McConnell et al., 2014). 

CMS provided $1.9 billion in funding to Oregon, and issued a waiver for Oregon to 

transform its Medicaid program. In return, Oregon  committed to reducing annual per 

capita expenditure growth for the OHP from 5.4% to 3.4% by 2015 (Howard et al., 2015). 

Oregon is at risk of paying hundreds of millions of dollars in penalties to CMS if the 

proposed targets are not met (McConnell et al., 2014).  

Most CCOs emerged from previous OHP managed care organizations (MCOs) which 

have now formed partnerships with behavioral health groups and county public health 

departments. The CCOs are geographically defined and mutually exclusive, such that no 

Medicaid beneficiary can belong to more than one CCO at a given time (Howard et al., 

2015; McConnell et al., 2014). There are 16 geographically defined CCOs which vary 

widely in the number of OHP beneficiaries covered (from <11,000 to >150,000 enrollees) 

(McConnell et al., 2014; Oregon.gov, 2015). Around 90% of OHP’s beneficiaries are 

covered by a CCO (Howard et al., 2015; McConnell, 2016). Reasons why Medicaid 
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beneficiaries may not be enrolled in a CCO include residing in a service area not covered 

by a CCO, qualifying to be exempted based on specific criteria (e.g. enrolling in Medicaid 

during the third trimester pregnancy of pregnancy), or being dually eligible for Medicaid 

and Medicare and thus having the ability to opt out of CCO enrollment (OHA, 2015b).   

Care coordination in CCOs is based on the patient centered medical home (PCMH) 

model (AAFP, 2008), integration of physical, behavioral and mental health care delivery, 

and increased adoption and dissemination of health information technology 

(HIT)(McConnell et al., 2014; OHA, 2013a). Having a PCMH model in place was a 

qualifying criteria for organizations seeking to be CCOs (Howard et al., 2015). 

1.5.1 How are CCOs different from MCOs and other ACOs? 

CCOs are similar to other ACOs, as they are mainly provider-led organizations that are 

accountable for the quality of care they provide and they receive a portion of realized 

savings for delivering efficient care (Howard et al., 2015; McConnell et al., 2014). CCOs 

also bear some similarities to their originating MCOs in areas such as prospective 

management of budgets, care coordination, and alignment of physician and hospital 

services (Howard et al., 2015; McConnell et al., 2014). Table 1 provides a summary of 

similarities and differences between these three delivery models and the following section 

summarizes important distinguishing features of CCOs.  

Payment model: CCOs receive per-capita risk-adjusted global payments from OHA. 

This means that every month, each CCO receives a fixed amount to cover medical, mental, 

and dental care for each of their members. This amount is adjusted based on how ‘sick’ the 

CCO membership pool is. Medicare ACOs mostly utilize FFS payments (while also 

participating in the shared savings program) and MCOs mainly receive a capitated 
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payment for medical services traditionally covered by Medicaid.  The CCO payment 

model is also distinct from payment methodologies being utilized by other state Medicaid 

ACOs. For example, in Colorado, the state makes FFS payments to primary care providers 

and contracts with a separate organization to support the primary care providers with care 

coordination (KFF, 2012a). 

Each CCO decides on how to reimburse providers within their organization and the 

state encourages alternative reimbursement mechanisms within CCOs, with the aim of 

promoting appropriate and effective care and de-emphasizing high volume of health care 

services (Howard et al., 2015; McConnell et al., 2014). This is an important point to take 

into account when considering the effect of overall CCO implementation on quality of care 

or provider behavior because although all CCOs receive the same type of payment from 

the state, payment models within each CCO can be drastically different. Therefore, 

although the overall payment strategy (global payments by OHA to CCOs) is expected to 

drive quality of care, it is plausible to assume that provider behavior will also (and perhaps 

more so) be influenced by the proximal payment methodology (CCO to provider). For 

example, in diabetes management, employed physicians with incentivized reimbursement 

delivered better quality care than salaried physicians (Landon, O'Malley, McKellar, 

Reschovsky, & Hadley, 2014). Some reimbursement mechanisms that have been explored 

by some CCOs include flexible spending in primary care under capitated payments and  

having fixed budgets for hospitals (A. M. Chang, Cohen, McCarty, Rieckmann, & 

McConnell, 2015). In Utah’s Medicaid plan, ACOs are required to obtain authorization 

from the state to make incentivized payments to providers (KFF, 2012a).   
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Accountability and shared savings: CCOs and Medicare ACOs are accountable for 

quality measures and are eligible to receive shared savings if they meet quality targets. 

These are not characteristic of MCOs. OHA assesses CCO performance through 17 

incentivized quality of care metrics which cover access, quality, service utilization and cost 

of care (OHA, 2013a). For example, timeliness of PNC, defined as PNC initiation in the 

first trimester of pregnancy or PNC initiation within 42 days of CCO enrollment, is one of 

the 17 quality of care metrics (OHA, 2013b). CCOs receive a financial bonus from the 

state for achieving pre-determined benchmarks on these quality measures, or for making 

significant improvements towards the benchmarks (Howard et al., 2015; McConnell et al., 

2014). Public reporting of quality measures and transparency are also key elements of 

CCOs (Howard et al., 2015; OHA, 2013a). CCOs report their progress on the quality 

measures to the state and the state makes this information publicly available (Howard et 

al., 2015). 

As a result of the CCO payment mechanism and reward system, CCOs assume all of 

the financial risk of delivering care and are incentivized to provide efficient and effective 

care because providers with better outcomes are paid more (Howard et al., 2015; 

McConnell et al., 2014; OHA, 2013a).  

Covered services and provider composition: Under traditional Medicaid plans, CMS 

specifies what services can be covered and these are usually services deemed “medically 

necessary”. This is still typical of Medicare ACOs and MCOs.  However, the CMS waiver 

that allowed for the creation of CCOs allowed for wide flexibility in what CCOs can do 

with their Medicaid dollars – a major shift from typical federal – state Medicaid 

agreements. CCOs may not reduce the federally-mandated covered benefits, but can add to 
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them. In fact, CCOs can pay for services that may not qualify as “medically necessary” 

under conventional Medicaid programs such as giving cash incentives to discourage 

smoking in pregnancy (McConnell et al., 2014).  

Due to this provision, CCOs are also characterized by a broad range of providers that 

are expected to be involved in the provision of coordinated care. In addition to the familiar 

providers (doctors, nurses, therapists, etc.), CCO providers can also include non-traditional 

providers such as doulas, community health workers, and patient navigators (OHA, 

2013a). This is another major shift by CCOs from the traditional health care delivery 

model. Local public health departments are also integral parts of CCOs. A recent 

qualitative study on relationships between ACOs and public health departments showed 

that stronger collaborations exist between public health departments and Medicaid ACOs, 

compared to Medicare or commercial ACOs (Costich, Scutchfield, & Ingram, 2015). This 

is particularly important in maternal and child health where there is substantial overlap in 

goals for Medicaid and public health departments such as nutrition for expecting mothers 

and children, and tobacco-use cessation. 

Governance: Whereas MCOs are governed by a health plan, CCOs and Medicare 

ACOs are mainly provider-led and are governed by providers and beneficiaries. The CCO 

model also emphasizes community engagement and customer involvement. A unique 

feature of CCOs is that each CCO is required to have a community advisory council 

(CAC), consisting primarily of consumers. These groups have been tasked with identifying 

priority health concerns in their communities, defining ways to measure and track these 

problems, and advising the CCOs on potential solutions. These collaborations with CACs 

are key to the success of CCO outreach efforts and also provide the opportunity for 



15 

 

communities to have a say in determining what health challenges should be considered 

priority for their CCO. For instance, three out of the 16 CACs recommended maternal and 

child health as a priority health impact area for their CCOs (ccooregon.org, 2015). The 

board of directors of each CCO must also include one member of the CAC (Howard et al., 

2015; OHA, 2013a).  

Given these innovations, the CCO model that Oregon recently implemented is a major 

transformation in healthcare delivery, whose potential impacts on preventive healthcare 

service use – including prenatal care – are largely unstudied to date. 

1.5.2 Early reports on Oregon CCOs and other Medicaid ACO performance 

Early reports on CCO performance have been overwhelmingly positive. In addition 

to meeting spending targets in 2013 and 2014, all CCOs received at least 74%  and 60% of 

incentive payments in 2013 and 2014 respectively for meeting or moving towards quality 

benchmarks (McConnell, 2016; OHA, 2014a). In 2013, all CCOs met at least 11 of the a 

17 incentivized quality measures (OHA, 2014a). For example, PNC initiation in the first 

trimester or within 42 days of CCO enrollment increased from a baseline of 65.3% in 2011 

to 67.3% in 2013 (the benchmark for 2013 was 69.4%) (OHA, 2014a). In 2014, this 

measure increased to 82.9% and all 16 CCOs earned incentive payments for either 

improving this measure or meeting the 2014 benchmark of 90.0% (OHA, 2015c). For non-

incentivized payments, there have been improvements in some measures (including 

immunization for children and adolescents, and tobacco cessation) and reductions in other 

measures (including postpartum care, well child visits at 15 months and screening for 

chlamydia and cervical cancer) (McConnell, 2016; OHA, 2015c). 
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Reports from Medicaid ACOs in other states show mixed results regarding quality 

of care measures. For instance, in Minnesota, continuous enrollment in a Medicaid 

pediatric ACO for more than six months was associated with reduced inpatient days but 

increased outpatient visits, emergency department visits, and use of pharmaceuticals 

(Christensen & Payne, 2016). In another Medicaid pediatric ACO in Ohio, there was no 

difference in the majority of quality outcomes measured compared to Medicaid FFS and 

MCOs (Kelleher et al., 2015). This last study also found a reduction in admissions for 

gastroenteritis and an increase in short-term diabetic admission. In New Jersey, a study on 

provider organizations serving Medicaid populations that met criteria for ACO certification 

or who were in the process of applying for ACO certification, showed wide variations in 

emergency department utilization and associated costs across the different groups studied 

(Cantor et al., 2014). 

1.6 Medicaid policy for prenatal care  

Prenatal care is a foundational preventive service that influences the health 

outcomes of the four million women who give birth yearly in the US, as well as the health 

of their infants (Cox et al., 2011; Gortmaker, 1979; Partridge et al., 2012). Both federal and 

state governments recognize access to prenatal care as a priority and this is evidenced by 

the various policies that have been put in place to ensure that women, particularly socio-

economically disadvantaged women, have access to antenatal obstetric services. Between 

1981 and 1989, the federal government implemented multiple expansions in Medicaid to 

make more low-income pregnant women eligible for coverage and by the end of this 

period; all states Medicaid programs were required to cover pregnant women with incomes 

up to 133% of federal poverty level (Salganicoff, Ranji, & Sobel, 2015). The vast majority 
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of states increased the cut-off for income eligibility for pregnant women, continue 

coverage for up to 60 days after delivery, and do not require the asset test usually needed to 

establish Medicaid eligibility (Ranji & Salganicoff, 2009). Federal Medicaid policy also 

prohibits cost-sharing for maternity related services (Markus & Rosenbaum, 2010; 

Medicaid.gov, 2014). Although the ACA raised Medicaid income - eligibility to 138% of 

the federal poverty level (FPL) for all adults (in states that expanded Medicaid), and also 

required prenatal services to be provided with no cost-sharing for all insurance plans, these 

provisions are not likely to meaningfully impact access to prenatal care for women on 

Medicaid, given the policies and provisions that were already in place prior to the ACA.  

Another important policy impacting access to prenatal care was the extension of 

health care to “unborn children” by the State’s Children’s Health insurance program 

(SCHIP) in 2002 (CMS & HHS, 2002). This provision gave states the option of covering 

maternity services for pregnant women who do not qualify for Medicaid, as is the case for 

undocumented women (Gutmann, 2003).  An analysis of the impact of the unborn child 

ruling policy showed that it increased PNC utilization among single foreign-born Latinas 

with low levels of education (Drewry et al., 2015). 

With Medicaid expansion following the implementation of the ACA, CCOs in 

Oregon are now responsible for caring for a greater number of women of child-bearing age 

not only during pregnancy, but also during the pre-conceptive periods, and long after child 

birth. This is a huge responsibility given that CCOs are caring for some of the most 

vulnerable groups in the society. CCOs however, given their design, are in a unique 

position to explore, design, test, and implement initiatives that can improve maternal and 
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child health not only from a clinical perspective, but also from a social and community 

perspective. 

 

1.6 Prenatal care as a predictor of health outcomes and a measure of access to care 

 

The concept of formal prenatal care arose in the late nineteenth and early twentieth 

centuries as a way to reduce maternal and infant morbidity, and consequently reduce 

maternal and infant death (Alexander & Kotelchuck, 2001). Although there is significant 

debate surrounding the clinical benefit of specific recommendations for routine PNC 

(Alexander & Howell, 1997; Dowswell et al., 2010), organized prenatal care is well 

established as being crucial in identifying and monitoring high-risk pregnancies (e.g. 

gestational diabetes and eclampsia), improving maternal and infant health outcomes, and 

increasing the potential of utilization of preventive services for mothers and infants after 

childbirth (AAP & ACOG, 2012; CDC, 2014; Cogan, Josberger, Gesten, & Roohan, 

2012). For women with limited access to the health care system prior to pregnancy, 

accessing prenatal care is crucial to screen for and subsequently manage pre-pregnancy 

conditions like chronic diabetes and chronic hypertension which can have severe 

consequences on maternal and infant health, as well as on the costs to the health services 

system.    

The timing and frequency of PNC utilization provide a good proxy for measuring 

access to care for a number of reasons. Firstly, because PNC is non–emergency and 

preventive in nature, women who experience significant barriers in accessing care are 

likely to delay initiation of PNC or forgo some (or all) PNC visits. Barriers such as lack of 

insurance, lack of transportation, language barriers, and difficulty finding a provider, lack 
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of childcare for older children, history of substance abuse, and psychological stress, are 

commonly cited reasons for late PNC initiation and less frequent PNC visits (Braveman, 

Marchi, Egerter, Pearl, & Neuhaus, 2000; Daniels, Noe, & Mayberry, 2006; M. I. Heaman 

et al., 2015; Kitsantas, Gaffney, & Cheema, 2012; Maupin et al., 2004; Mazul, Salm Ward, 

& Ngui, 2016; Rogers & Schiff, 1996). Secondly, pregnancy is a physiological process 

(rather than an illness) that is experienced mostly by healthy young women. This 

strengthens the theory that women facing barriers to access may forgo care, as they may 

not feel that their immediate health or the health of their infants is necessarily threatened, 

especially if they have no known morbidities (Ingram, Rawls, & Moberly, 1993). Third, 

there is evidence that removing access barriers results in increased PNC utilization 

(Drewry et al., 2015). 

 

1.8 Significance of PNC in assessing CCO performance 

CCO implementation in Oregon is a natural experiment that provides the 

opportunity to study how various health care delivery domains are impacted by high level 

changes in the health delivery system. PNC specifically, presents several benefits as a 

platform to assess CCO performance as described below.   

1. One of the CCO quality metrics relates directly to PNC- the proportion of enrollees 

initiating PNC in the first trimester, or within 42 days of CCO enrollment (OHA, 

2013b). Since meeting benchmarks for quality metrics attracts a reward, and CCOs 

will be serving a significant number of pregnant women, it is plausible to expect 

that CCOs will adopt initiatives and protocols aimed at achieving this benchmark 
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(Mehrotra et al., 2007). PNC therefore provides a lens to better understand CCO 

behavior and the factors that influence such behavior. 

2. Timeliness of PNC is a generally  accepted recommendation that applies nation-

wide and across payer types (OHA, 2013a). Both the CDC (CDC, 2011) and the 

American College of Obstetricians and Gynecologists (ACOG, 1996) endorse PNC 

initiation in the first trimester. Thus, change in this measure is relevant to other 

health plans and programs. 

3. Given that PNC and maternity benefits have historically been covered under 

Medicaid and that Medicaid is the primary payer for over 40% of births in Oregon 

and nearly 50% nationally (KaiserHealthNews, 2013; Markus et al., 2013), PNC 

provides a good opportunity to study changes in care delivery in a domain where 

Medicaid participation is well established. 

4. Pregnancy-related services are exempt from cost-sharing under federal Medicaid 

regulations (Medicaid.gov, 2014) which limits confounding that may arise based on 

patients’ ability to pay.  

5. Maternity services comprise around one-tenth of CCO spending (OHA, 2014b). 

Efficient and effective health care delivery in this area, therefore, has the potential 

to influence CCO budgets overall.  

6. PNC utilization is an area where disparities by socioeconomic status, insurance 

type (uninsured versus public versus private insurance), and race/ethnicity have 

been established (Bryant et al., 2010; Dubay et al., 2001; Laditka et al., 2005). 

Given that women of racial/ethnic minorities are usually overrepresented in 

Medicaid populations, innovations like CCOs that target Medicaid populations 
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have the potential to reduce both insurance-type disparities and disparities by 

race/ethnicity. As such the CCO setting in Oregon enables the investigation on the 

potential effect of delivery and payment reform in disparities. 

1.9 Purpose of study 

The relatively recent emergence and rapid proliferation of ACOs is mainly due to the 

fact that these health delivery models have been shown to improve quality of care while 

controlling costs in both private and public health service domains. Consequently, an 

increasing number of individuals are having their care provided by ACOs and in Oregon, 

the PNC experience, and potentially birth outcomes, of over 40% of the approximately 

40,000 women who deliver yearly and their infants will depend on the quality of care that 

CCOs provide. Given that significant changes have been occurring at the health systems, 

state, and national levels alongside CCO implementation, the primary purpose of this 

research study is to isolate the effect of CCOs on PNC quality. Although major 

improvements in quality of care, including the quality of prenatal care, have been observed 

in Oregon following CCO implementation, these changes cannot be ascribed to CCO 

implementation without taking into account secular trends. This study seeks to apply 

rigorous empirical methods that will allow for the measurement of change while 

controlling for secular trends. By observing changes in the same measures in a comparison 

group (Washington State) over the same period of time, this study seeks to estimate a 

reliable effect of CCO implementation on PNC quality. Also, by analyzing a related 

outcome (PNC adequacy defined as initiating PNC in the first trimester and having at least 

nine PNC visits), which was not measured by the state and which did not attract an 
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incentive, this study seeks to better understand CCO behavior and the levers that drive 

change in organizational behavior. 

Current reports on CCO performance have been based mainly on CCO reports to the 

state. This is a potential source of bias in reporting and introduces the possibility that 

quality improvements may be overestimated. This study seeks to reduce the potential for 

information bias by utilizing vital records, which are rich in PNC utilization information 

and are collected independent of CCO reporting processes. Improvements in PNC quality 

which have been reported following CCO implementation should also reflect on birth 

certificate information. 

Accounting for the timing and process of CCO implementation is another way to 

confirm if observed changes are as a result of CCO implementation. Defining a post policy 

period to begin when all CCO had been formally established (i.e. excluding the transitional 

period), as well as estimating the effect of CCO implementation over time during the post-

policy period, can provide further evidence, that the effects being measured can be 

ascribed to CCO implementation.  

Given the established disparities that exist in PNC utilization between Medicaid and 

privately-insured populations, and given that CCO implementation targeted Medicaid 

beneficiaries, a secondary purpose of this study is to determine the effect of CCO 

implementation on the gap in PNC utilization that exists between privately- and publicly- 

insured women. In essence, this study seeks to answer the question: What was the impact 

of CCO implementation on insurance-type disparities in PNC utilization?  

Finally, this study seeks to determine if the effect of CCOs on PNC utilization varied 

by race/ethnicity. Previous studies have shown that the effects of Medicaid system reforms 
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could differ by race/ethnicity (Currie & Grogger, 2002). Therefore another secondary 

purpose of this study is to compare the direct effect of CCO implementation on PNC 

utilization across different racial/ethnic groups of women. Also, because minority groups 

are usually overrepresented among Medicaid populations, and Medicaid covers a 

significant proportion of births to minority women, Medicaid initiatives could potentially 

indirectly impact race/ethnic disparities in the state overall. Therefore, this study also seeks 

to answer the question: What was the impact of CCOs on racial/ethnic disparities in 

Oregon with regards to PNC utilization?    

1.10 Research Questions and Hypotheses 

Research Question 1: Impact of CCO implementation on PNC quality among Oregon 

Medicaid Beneficiaries. 

a. What was the effect of CCO implementation on the probability of early PNC 

initiation among Oregon Medicaid beneficiaries? 

Hypothesis: CCO implementation is expected to have a positive effect on early 

PNC initiation among Oregon Medicaid beneficiaries for the following reasons: 

increasing the proportion of women that initiate PNC early attracts a financial 

reward for CCOs and; there is evidence of ACOs having modest but significant 

effects on quality of care measures even within the first and second years of 

operation (Song et al., 2011; Song et al., 2012). 

b. What was the effect of CCO implementation on the probability of PNC adequacy 

among Oregon Medicaid beneficiaries? 

Hypothesis: Although PNC adequacy is not an incentivized quality measure, PNC 

adequacy is expected to increase along with early PNC initiation for the following 
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reasons: Although CCOs may not be actively encouraging their members to adhere 

to routine PNC schedule recommendations, CCOs are expected to actively 

encourage early PNC initiation and initiating PNC earlier can increase the total 

number of visits a woman gets over the course of pregnancy; PNC utilization has 

been shown to be associated with Medicaid FFS reimbursement rates (Gray, 2001; 

Sonchak, 2015). 

c. What was the effect of CCOs implementation on early PNC initiation and PNC 

adequacy over time in the post-policy period? 

Hypothesis: A positive effect of CCO implementation on PNC utilization over 

time is expected. This means that the effect of CCO implementation is expected to 

increase with time following CCO implementation given that it must have taken 

some time for CCOs to establish coordination between their various providers and 

to strategize on how to achieve targets for incentivized quality of care measures. 

Evaluations of the Alternative Quality Contract (AQC) ACOs  in Massachusetts 

showed that, in the early stages, these ACOs focused on building infrastructure to 

help providers achieve quality targets (Mechanic, Santos, Landon, & Chernew, 

2011), and that there were incremental improvements in quality measures during 

the first two years of implementation (Song et al., 2012). 

d. Did the effect of CCO implementation on the probability of early PNC initiation 

and PNC adequacy among Oregon Medicaid beneficiaries differ by racial/ethnic 

group? 

Hypothesis: The effect of CCO implementation is expected to differ by 

race/ethnicity. Previous studies have shown that policies or initiatives can have 
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differential impacts by race/ethnicity (Currie & Grogger, 2002). Whereas the use of 

mail-in Medicaid applications had a positive effect on PNC utilization among 

Black women (but not White women), using shorter enrollment forms increased the 

probability of early PNC initiation for White women (but not Black women (Currie 

& Grogger, 2002). These differences may have to do with differences in maternal 

characteristics such as educational level. Also given the disparities in PNC 

utilization that exist by race/ethnicity (Laditka, Laditka, & Probst, 2006; Ruwe et 

al., 2010), there may be more opportunities for improvement in PNC utilization 

among groups that start out very low – such as racial/ethnic minority women. 

Research Question 2: Impact of CCO implementation on disparities in PNC quality. 

a. What was the impact of CCO implementation on insurance-type disparities in the 

probability of early PNC initiation and PNC adequacy in Oregon? 

Hypothesis: CCO implementation is expected to reduce the gap in the probabilities 

of early PNC initiation and PNC adequacy between Medicaid and privately-insured 

women for the following reasons: Previous policies targeting Medicaid populations 

have successfully reduced access disparities between Medicaid and privately 

insured populations (KFF, 2015b) and CCO implementation directly targeted 

Medicaid beneficiaries; There have been no other health system changes that could 

affect PNC utilization and that are unique to private insurance during this period of 

CCO implementation. 

b. What was the impact of CCO implementation on White/Hispanic and White/Black 

disparities in the probability of early PNC initiation and PNC adequacy in Oregon? 



26 

 

Hypothesis: CCO implementation is also expected to reduce the gap in the 

probabilities of early PNC initiation and PNC adequacy by race/ethnicity because 

minority women are usually over-represented among Medicaid populations (KFF, 

2015b). This means that CCO implementation will likely be affecting a large 

proportion of minority women and this could result in a reduction in the state-wide 

gap in PNC utilization between White women and women of racial/ethnic 

minorities. 

 

1.11 Study Significance 

The move to the CCO model and the underlying agreement between Oregon and 

CMS is indeed unprecedented and ambitious. The stakes are high with regards to financial 

penalties, and more importantly, with regards to the health outcomes for the thousands of 

lives that are now being cared for by CCOs. With the ongoing proliferation of ACOs 

around the country, if Oregon is successful in controlling healthcare costs without 

compromising quality, CCOs could potentially serve as a model for other Medicaid 

programs as well as private health plans. Although CCOs are accountable to Oregon 

through reporting on established quality metrics, and public reporting is one of the 

foundations of CCO contracts with the state, such reports are purely descriptive and it is 

difficult to attribute change (or all the change) observed in healthcare quality, cost, or 

access to the CCO initiative, given the active healthcare environment over the past 5 years 

in Oregon and all across the country. It is therefore critical that evaluations of CCO 

performance are based on sound, rigorous, empirical methods account for secular trends. 

The difference-in-differences methodology utilized in this research is an important tool to 
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achieve this. Also, data for the proposed study came from vital records which could limit 

the potential of biased reporting of quality measures.  

Prenatal care is an important Medicaid domain and Medicaid pays for over 40% of 

births in Oregon and about 50% of births nationally (Markus et al., 2013). Given that PNC 

and maternity services make up a significant portion of CCO budgets, CCO performance 

in this area may provide important evidence of CCO performance overall. Similar analyses 

can be applied to other important domains of Medicaid - such as the supply and utilization 

of mental health services and their associated health outcomes - and to studies on the 

impact of CCOs on the cost of care. 

Medicaid beneficiaries are some of the most vulnerable women with regards to 

PNC utilization. Women of socio-economic disadvantage are known to be at risk for 

inadequate PNC utilization as well as poor birth outcomes including preterm birth, low 

birth weight and intra-uterine growth restriction (Blumenshine, Egerter, Barclay, Cubbin, 

& Braveman, 2010) – which could be influenced by timely and adequate PNC. Identifying 

initiatives that work for women on Medicaid is therefore a priority. Women on Medicaid 

and racial/ethnic minority women continue to face significant barriers in accessing care 

despite repeated Medicaid expansions and the absence of cost sharing under Medicaid. The 

role of delivery and payment reforms on disparities in PNC utilization is yet to be studied 

and the current organization of CCOs in Oregon, presents an opportunity to do so.   

Although the time frame for the current study (2008 to 2013) only allows for the 

evaluation of the early impact of CCOs and not their long-term impact, and although it is 

unlikely that all CCOs were functioning at maximum capacity during this time, early 
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assessments are essential, serving a distinct purpose from long-term assessments for 

several reasons discussed below. 

Assessments of other ACO initiatives, specifically the Alternative Quality Contract 

(AQC) in Massachusetts, have shown that significant, albeit modest change is possible in 

the short term (Song et al., 2011; Song et al., 2012) and that change may not necessarily 

happen in the areas that may be considered priority, such as emergency department visits 

(Sharp, Song, Safran, Chernew, & Mark Fendrick, 2013).  

Although early signals may be modest and could be of debatable clinical relevance, 

they may have significant economic importance, particularly in healthcare domains, such 

as PNC, where the target population is sufficiently large. Equally importantly, they may 

also have a meaningful absolute impact on the population level, as relates to the population 

burden of disease in pregnancy and childbirth. Early studies could also be indicative of 

areas where CCOs are currently channeling reform efforts and may help identify areas with 

potential for increased efficiencies.  

In the CCO design, there was no ‘lag’ between the time of implementation and the 

time when financial incentives could be received. In other words, the CCOs stood to 

benefit financially, and did benefit, for achieving quality benchmarks in 2013. This 

suggests that there was an expectation of performance in 2013. The current study, and 

other similar studies, could inform future incentive measures, and, depending on the 

findings, may suggest that process-based, rather than outcome-based metrics are more 

relevant in the initial period of implementation.  

CCO performance in 2014 and afterwards is no longer only an assessment of a 

change in the delivery system but also an evaluation of the capacity of CCOs to manage a 
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significant surge in the number of beneficiaries. Oregon is one of the states that have 

expanded Medicaid under Affordable Care Act provision (KFF, 2015a). An estimated 46% 

of over 550,000 uninsured Oregonians were eligible for Medicaid coverage in 2014 (KFF, 

2015a) and Oregon  Medicaid/CHIP enrollment increased by almost 70% as at February 

2015 (Mediciad.gov, 2015). 

Against this backdrop of dramatic policy change, I sought to assess the impact of 

one healthcare systems innovation in Oregon – the implementation of the CCOs – on the 

timeliness and adequacy of prenatal care, a core preventive service. My goal was to inform 

policy makers, payers, and health care providers on effective quality of care levers with the 

ultimate aim of improving maternal child health.  
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Table 1.1: Comparison of Accountable Care Organization, Managed Care 

Organization, and Coordinated Care Organization Models 

 
 Medicare ACO MCO CCO 

Governance Providers, 
Beneficiaries 

Health Plan Providers, Beneficiaries, 
Representatives of the local 
community, selected from a 
Community Advisory Council 

Payment Primarily Fee for 
Service 

Capitation Global budget – intent is to 
move away from capitation to 
“pay for outcomes” Alternative 
Payment Mechanisms (APM) 
within the CCO, such as 
episode-based-payments, are 
encouraged 

Spending for care that 
is not deemed 
medically necessary 

Typically not 
allowed 

Typically not 
allowed 

Explicitly allowed 

Accountable for 
quality measures 

Yes Typically no Yes 

Shared savings Yes, if quality 
metrics are 
achieved 

Typically no Yes, if quality metrics are 
achieved 

Spending growth 
target 

Nothing explicit Nothing explicit At or below 3.4% by 2015 

Incorporation of 
behavioral health 

Nothing explicit; 
typically carved 
out 

Nothing explicit; 
typically carved 
out 

Funding for behavioral health is 
part of the global budget and 
integration of physical health 
care and behavioral health care at 
the primary care level is 
encouraged 

Incorporation of 
dental health 

Not included Generally not 
included 

Funding for dental health is part 
of the global budget and 
integration of physical health 
care and dental health care is 
encouraged 

Accountability for 
population health 

Not explicit Not explicit CCO accountable through 
measure of a community health 
assessment 

Participation in 
Learning 
Collaboratives 

Not required Not required Required 

Demonstrated efforts 
to reduce health 
disparities and 
inequities 

Not required Not required Required 

Source: McConnel et al. (2014). Oregon’s Medicaid Transformation: An Innovative 

Approach To Holding A Health System Accountable For Spending Growth. 

Healthc(Amst) 
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2.1: History of PNC utilization and PNC recommendations in the United States  

The purpose of PNC is to “provide information, health education and support to 

pregnant women; to find the women with health problems; to prepare mothers and fathers 

for delivery and childcare; and in some countries and places, to provide financial and 

social benefits” (Hemminki, 1988). 

Prior to the twentieth century, the concept of structured ‘prenatal care’ did not exist 

because health care providers were scarce and expensive, and there was relatively little 

knowledge or interest in the progression of uncomplicated pregnancies (Hemminki, 

McNellis, & Hoffman, 1987; Oakley, I982). Maternal morbidities were the initial targets 

of PNC and by early twentieth century, the prevention of low birth weight and preterm 

birth – two of the most common and harmful adverse neonatal outcomes – were also 

recognized as benefits of PNC (Alexander & Kotelchuck, 2001). Awareness of the 

importance of PNC grew in the early twentieth century and by the 1940s, most women in 

many areas of the US were receiving PNC (Baehr & Deardorff, 1951; Oakley, I982) and 

by the early 1980s PNC visits accounted for about 35% of obstetrics and gynecology 

specialists’ office workload (Cypress, 1984).  This trend of increasing PNC was 

accompanied by earlier initiation of PNC (NCHS, 1983). A major difference between PNC 

in the US and western European countries is that whereas obstetrics and gynecology 

specialists are the primary providers of PNC in the US, general practitioners and nurses 

(public health nurses or midwives) are the primary providers of PNC in western Europe 

(Hemminki et al., 1987). The proportion of pregnant women receiving care from certified 

nurse midwives, however, has been increasing in the US (E. Declercq, 2012). 
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Recommendations for PNC have been issued by  The American College of 

Obstetricians and Gynecologists (ACOG) as early as 1959 (ACOG, 1959). The current 

guidelines for routine PNC for uncomplicated pregnancies – monthly visits for the first 28 

weeks, biweekly visits afterwards till 36 weeks, and then weekly visits afterwards until 

birth -  released jointly by ACOG and the American Academy of Pediatrics that 

recommend the same schedule of PNC visits and emphasize the need for PNC to begin in 

the first trimester of pregnancy (AAP & ACOG, 2012; ACOG & AAP, 1983). In 1985, the 

Institute of Medicine (IOM) report recognized PNC enrollment for all pregnant women as 

a way to reduce the prevalence of low birth weight (IOM, 1985) and this led to the 

expansion of Medicaid coverage to include low-income pregnant women (Salganicoff et 

al., 2015).  

There is currently significant consensus that PNC is important for healthy 

pregnancies and optimal neonatal outcomes (AAP & ACOG, 2012; CDC, 2011, 2014). 

According to the CDC, the risk of congenital anomalies and low birth weight, can be 

reduced by PNC (CDC, 2014) and early PNC is important in reducing infant mortality 

(CDC, 2011). Absence of PNC is a strong predictor of stillbirth, preterm birth, low birth 

weight, and infant death (Cox et al., 2011; Faiz et al., 2012). One study found that even 

after controlling for race and poverty, the risk of infant mortality increased four to ten 

times  for women with no PNC compared to women receiving more than nine PNC visits 

(Dott & Fort, 1975). 

The most commonly used measure of PNC adequacy is the Kotelchuck index 

which takes into account the timing of PNC initiation and the frequency of visits 

(Kotelchuck, 1994a, 1994b). Based on this index, an estimated ten to twenty percent of 
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pregnant women in the United States do not receive adequate PNC (Cox et al., 2011; 

Partridge et al., 2012). The Kotelchuck index utilizes four levels of adequacy: adequate 

plus, adequate, intermediate, and inadequate. Women initiating PNC within the first four 

months gestation and receiving 80-109% of the expected number of visits based on 

ACOG’ recommendations are qualified as having adequate PNC. Women initiating PNC 

after the fourth month of pregnancy (irrespective of the number of PNC visits received) 

and women receiving less than 50% of ACOG’s recommended number of PNC visits 

(irrespective of when they initiated PNC) are considered to have inadequate PNC 

(Kotelchuck, 1994b). Based on this index, an estimated ten to twenty percent of pregnant 

women in the United States do not receive adequate PNC (Cox et al., 2011; Partridge et al., 

2012). 

 

2.2 PNC utilization and birth outcomes 

The effectiveness of PNC on birth outcomes had been challenged by several 

studies. Ecological studies have found that between the1980s to the mid-1990s, the 

prevalence of preterm birth and low birth weight have been on the increase even though 

the proportion of women with inadequate PNC has been decreasing (Alexander & 

Kotelchuck, 2001; Kogan, Martin, et al., 1998b). Also, although Medicaid expansions in 

the 1980s increased access to PNC and reduced rates of late PNC initiation in many states 

in the U.S., there was no associated benefit with regards to birth outcomes (Dubay et al., 

2001). Traditional measures of PNC adequacy only take into account the timing of PNC 

initiation and the number of PNC visits but do not account for the content of PNC or the 

quality of provider-patient interactions (Krans & Davis, 2012). A significant challenge in 
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studying the link between PNC utilization and birth outcomes is that their association is 

significantly confounded by maternal characteristics and true randomization into 

inadequate PNC is not possible. Several individual factors, including insurance status, age, 

education, income, race/ethnicity, and parity are known to influence PNC utilization 

(Boerleider, Wiegers, Mannien, Francke, & Deville, 2013; Feijen-de Jong et al., 2012; 

Partridge et al., 2012).  

Independent of these factors however, lack of PNC or inadequate PNC has been 

associated with the increased risk of preterm birth, low birth weight, very low birth weight, 

neonatal death, and infant death (Cox et al., 2011; Dott & Fort, 1975; Partridge et al., 

2012). For example, a longitudinal study on first and second deliveries, women with 

inadequate PNC during their first pregnancy significantly reduced their risk of delivering 

low birth weight babies if they had adequate PNC during their second pregnancies and vice 

versa (Loftus, Stewart, Hensley, Enquobahrie, & Hawes, 2015). In an Australian sample, a 

two-fold increase in stillbirth was observed among women utilizing less than 50% of the 

recommended PNC visits (Stacey et al., 2012). Adequate PNC was also found to reduce 

‘potentially avoidable maternity complications’ by over 50% in a national US sample 

(Laditka et al., 2005) and inadequate PNC was among the strongest predictors of very low 

birth weight in St. Louis, Missouri between 2000 and 2009 (Xaverius, Salas, Kiel, & 

Woolfolk, 2014). 

Studies that have also investigated this relationship within racial categories and 

have found that for all races, inadequate PNC predicted neonatal mortality, preterm birth, 

and low birth weight (Cox et al., 2011; Johnelle Sparks, 2009; Kitsantas & Gaffney, 2010). 

This association is however, more established among Black women. An older study from 
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New York had found this same association for all Black women, and for White women 

receiving care in a public facility (Gortmaker, 1979).  

Some of the strongest evidence for the link between PNC frequency and birth 

outcomes come from low- and middle- income settings, where institution-based PNC 

services are relatively scarce (compared to high-income countries) and sometimes non-

existent. The impact of underutilization of care during pregnancy in such settings can be 

very serious. A Cochrane review that included randomized control trials from four high-

income countries and three low-income countries found that reduced PNC schedules in 

low-income settings typically comprised less than five visits compared to eight to twelve 

visits in high income countries (Dowswell et al., 2010). This study also found increased 

perinatal mortality among the experimental (lower utilization) groups in low-income 

countries but not for any group in the high income countries. 

The consensus is less regarding the clinical significance of the recommended 

number of provider-based visits during pregnancy in high-income settings. Evidence 

coming from industrialized countries suggests that increasing PNC utilization, beyond the 

minimum recommended levels, is not necessarily accompanied by improved maternal or 

infant health outcomes. For example, there was no difference in preterm birth or low birth 

weight for women who had more healthcare utilization under a group PNC model 

(Summers, 2014). Similarly, several randomized controlled trials carried out in high-

income settings have found no clinical disadvantage by reducing the routine number of 

PNC visits. Among low-risk women there was no difference in preterm delivery, 

preeclampsia, cesarean sections, and low birth weight following a reduction in PNC visits 

(Binstock & Wolde-Tsadik, 1995; McDuffie, Beck, Bischoff, Cross, & Orleans, 1996; 
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Walker & Koniak-Griffin, 1997) although some studies found reduced patient satisfaction 

and psychological wellbeing (Binstock & Wolde-Tsadik, 1995; Henderson, Roberts, 

Sikorski, Wilson, & Clement, 2000; Sikorski, Wilson, Clement, Das, & Smeeton, 1996).  

Possible explanations for the differential impact of PNC by setting (low-income 

versus industrialized) include the fact that childbirth is mostly a low-risk undertaking for 

women with access to modern obstetric/midwifery care but can be an extremely risky 

endeavor for mother and baby without access to such care. Also, in the developing world, 

where these services & infrastructure are lacking, there are higher rates of pre-existing or 

co-existing morbidity (e.g. Malaria or HIV infection) that PNC can also address. Because 

organized PNC connects women to such a broad range of preventive care and support in 

low-income settings, the impact of PNC is more meaningful and the potential of PNC to 

reduce adverse health outcomes is significantly greater. Another reason for difference in 

the impact of PNC by setting is that high-income settings are typically characterized by 

‘high’ utilization rates and trials that have assessed the effect of reducing the number of 

PNC visits usually had more than 8 provider visits for the ‘reduced’ utilization group 

(Binstock & Wolde-Tsadik, 1995; McDuffie et al., 1996). It is plausible to infer that these 

studies were, in essence, comparing ‘adequate’ utilization to ‘excess’ utilization. In fact 

there is growing concern regarding the potential clinical and economic implications of 

excess healthcare utilization (Kox & Pickkers, 2013), including during pregnancy 

(Lauderdale, Vanderweele, Siddique, & Lantos, 2010). 

2.2.1: Impact of PNC utilization on ‘high-risk’ women 

 One factor that might explain the negative correlation that has been observed 

between PNC adequacy and birth outcomes  is the question of whether PNC adequacy has 
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been increasing among women at risk of these negative outcomes (Misra & Guyer, 1998). 

There is evidence to support the premise that the benefits of increasing PNC utilization is 

more pronounced among women at risk for poor outcomes. For instance, among women 

with gestational diabetes in a sample from South Carolina, the risk of macrosomia was 

higher for those with inadequate PNC (N. L. Hale et al., 2011) and prenatal care utilization 

was protective against maternal and infant mortality among a sample from Latin America 

and the Caribbean with hypertensive disorders (Barbosa et al., 2015). Increasing PNC 

utilization has also been positively associated with less low birth weight and longer 

gestational age among teens (Coley & Aronson, 2013), another group known to be at risk 

for poor PNC utilization. 

There is also evidence that shows that initiatives which target PNC utilization 

among high risk women are effective reducing the risk of negative birth outcomes. For 

example, HIV positive women are known to be at risk of inadequate PNC utilization (Ng 

et al., 2015) and an evaluation of the Prenatal Care Assistance Program in New York, 

which targeted HIV positive, substance dependent women, found that the reductions in low 

birth weight and preterm birth observed by program participants was significantly 

attributable to increased PNC adequacy and continuity of care (Newschaffer, Cocroft, 

Hauck, Fanning, & Turner, 1998). 

2.2.2: Impact of PNC utilization on health care utilization after childbirth 

 Several studies have shown that PNC utilization is positively associated with 

frequency of well child visits, adherence to childhood immunization schedules (Cogan et 

al., 2012; Freed, Clark, Pathman, & Schectman, 1999; Kogan, Alexander, Jack, & Allen, 

1998), childhood overweight and obesity (Utz, Reither, & Waitzman, 2012) and even acute 
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care visits (York, Tulman, & Brown, 2000). Although these associations are most likely 

due to selection bias, such that women who are more health conscious or who have more 

resources are more likely to utilize health care for themselves and their children, PNC 

utilization is arguably a good screening instrument to help identify women at risk of poor 

utilization and to provide education and support for these women during and after 

pregnancy.  

 

2.3 Disparities in PNC utilization by insurance type and race/ethnicity 

Due to significant health care costs associated with maternity health services in the 

U.S., major federal initiatives like Medicaid, aim to improve access to care for 

economically - disadvantaged women during pregnancy and childbirth. Although access to 

care during pregnancy has been significantly increased by such programs (Markus & 

Rosenbaum, 2010), and Medicaid has been credited with reducing disparities in access to  

healthcare services (KFF, 2015b), significant disparities in PNC utilization and 

maternal/infant health outcomes persist among women by race/ethnicity, insurance status, 

and socio-economic status (Figures 2.1 and 2.2) (Bryant et al., 2010; Dubay et al., 2001; 

Krans & Davis, 2012; Laditka & Johnston, 1999). Private insurance, compared to public 

insurance, is associated with early PNC initiation and adherence to PNC visits (Bengiamin, 

Capitman, & Ruwe, 2010). One study compared PNC utilization among Medicaid 

beneficiaries enrolled in managed care plans to privately-insured women also enrolled in 

managed care plans between 1983 and 1988 in Washington State and found that Medicaid 

beneficiaries had higher rates of late, inadequate or no prenatal care (Krieger, Connell, & 

LoGerfo, 1992). In California, levels of PNC adequacy increased from 1989 to 1994 
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among all women irrespective of payer and the greatest increase was observed for women 

on Medicaid (CDC, 1996). However by 1994, women on Medicaid still had the 

significantly lower rates of PNC adequacy compared to privately insured women (57% and 

82% respectively)(CDC, 1996). 

The odds of late initiation of PNC and inadequate PNC are consistently higher 

among Blacks and Hispanics, compared to Whites. For instance, among births in 

Mississippi between 1996 and 2003, Black women were more likely to receive late or 

inadequate PNC, and for women with comorbidities the risk of inadequate care was two 

times higher among Black women compared to White women (Cox et al., 2011). Also in 

Rhode Island, between 2002 and 2008, Hispanic women had approximately two times the 

odds of late PNC initiation and inadequate PNC compared to non-Hispanic White women 

(Bromley, Nunes, & Phipps, 2012). Some qualitative studies reveal that Black women 

report lower access to healthcare resources compared to White women and this perceived 

lack of access correlated with the incidence of preterm birth (Ruiz, Shah, Lewis, & Theall, 

2014). In another study, adequacy of prenatal care, along with other behavioral factors, 

significantly explained the increased risk of preterm birth among Black women compared 

to White women (Sparks, 2009). 

The persistence of disparities is more evident where ‘improvements’ in PNC 

utilization or birth outcomes have been observed. For instance, following Medicaid 

expansion in the 1990s in California, the rate of inadequate PNC reduced significantly but 

racial/ethnic disparities persisted (Ruwe et al., 2010). Using a nation-wide sample of births 

from 1981 to 1998, one study found that early PNC initiation and PNC adequacy improved 

for both White and Black women and that White/Black disparities in PNC utilization 
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narrowed but still persisted particularly among young mothers (Alexander, Kogan, & 

Nabukera, 2002). One study on the impact of Medicaid expansions on PNC utilization and 

found that the effects differed based on race. This study utilized national natality files and 

used two measures of PNC utilization – first trimester initiation and PNC adequacy- and 

found that increases in income cut-offs had no effect on first trimester PNC initiation but 

increased PNC adequacy for Whites but not Blacks (Currie & Grogger, 2002). 

Barriers to timely and adequate PNC could also differ by race/ethnicity. For 

instance in Louisiana, Black women were more likely to experience perceived lack of 

access or resources from providers compared to White women (Ruiz et al., 2014) and 

communication challenges have been reported among Hispanic women (Shaffer, 2002). 

The quality of patient-provider interactions could also play a role in disparities in PNC. 

Black women commonly report poorer patient-provider interaction and this may play a role 

in lower PNC utilization among this group (Dahlem, Villarruel, & Ronis, 2015; Tucker 

Edmonds, Mogul, & Shea, 2015). There is also some evidence to suggest that the content 

of PNC could differ based on patients’ race/ethnicity. One study on first trimester pregnant 

women in Oregon, found that compared to White women, the likelihood of receiving 

tobacco cessation assistance by a PNC provider was lower for American Indian women 

and higher for Black women (Tran, Rosenberg, & Carlson, 2010). In another study on a 

sample of predominantly racial-ethnic minority women receiving PNC from a public 

clinic, over one in four women reported that their PNC was influenced by their language or 

race (A. M. Johnson, Nwana, Egan, & Dumont-Mathieu, 2012). 

It is also possible that the traditional method of PNC delivery may not be optimal 

for women of certain ethnic/socioeconomic groups. One study found that a group PNC 
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model (CenteringPregnancy) was more effective in improving PNC adequacy among low-

income Latina women compared to the traditional individualized PNC model (Tandon, 

Cluxton-Keller, Colon, Vega, & Alonso, 2013). Taken together, these patterns suggest that 

performance measurement and enhanced PNC could be ‘promising strategies’ for reducing 

disparities in PNC access and quality (Lu, Kotelchuck, Hogan, Johnson, & Reyes, 2010). 

 

2.4 Payment models and PNC utilization 

The growing demand for high quality care and reduced healthcare spending has led to 

the adoption of various payment models among public and private payers. Capitated 

payments, global budgets, and pay-for-performance have proliferated across the US (and 

internationally) and there is increasing attention regarding if/how these payment models 

are driving improvements in quality of care while controlling costs. These payment models 

have emerged as the limitations of FFS have become increasingly apparent. FFS payments 

tend to promote volume and the supply/utilization of more costly alternatives. FFS 

payments have also been criticized for not incentivizing quality and for being responsible 

for the shortages in crucial preventive services such as primary care (CPR, 2015; Fisher et 

al., 2007). 

Capitated payments are a hallmark of most managed care contracts and involve a fixed, 

regular, and predetermined payment for covered services which is usually adjusted for 

patient characteristics like age and sex (Barton, 2010). Under capitated payments there is a 

disincentive to provide more services because providers now share in the financial risk of 

delivering services. Medicaid managed care plans and Medicare advantage plans are 

examples of capitated payment models.  
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Global payments are also a type of capitated payments but are usually paid to a larger 

group of providers to cover most of the services the patient population will need and may 

include services that are typically carved out from traditional capitated payments (like 

mental and dental services). Taiwan reformed it health system in 1995 and adopted a 

global budget system in 2002 to contain costs (Cheng, 2003). Although the system did 

save on costs following the implementation of global budgets, there was an associated 

reduction in the quality of care provided (L. Chang & Hung, 2008). Recent global 

payments models now typically incorporate quality measures to guard against under-

provision of services and also to reward quality (KFF, 2015c). Examples of global 

payment models include the Alternative Quality Contract (AQC) in Massachusetts, the 

Patient Choice Care System in Minnesota, South Dakota, and parts of North Dakota and 

Wisconsin (Volk & Pettersson, 2011), and CCOs in Oregon Medicaid.     

Pay-for-performance models reimburse providers based on whether they meet 

predetermined quality measures which could be related to performance on structure, 

process, or outcomes measures (Barton, 2010; KFF, 2015c). Pay-for-performance 

incentives can be – and have been - incorporated into other payment models. For instance, 

Medicare ACO contracts where providers get to share in savings realized for providing 

more efficient care is an example of pay-for-performance in a FFS setting while the AQC 

and CCO contracts are an example of pay-for-performance coupled with global payments.   

2.4.1 Managed care and PNC utilization 

The implementation of mandatory Medicaid managed care programs in the mid 

1990’s was associated with reduced visits for adults generally and fewer preventive 

services for women (Garrett & Zuckerman, 2005). Studies assessing the impact of 
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managed care on PNC utilization typically compare PNC utilization among beneficiaries 

of Medicaid managed care plans with beneficiaries of Medicaid FFS plans and the results 

of these studies have been mixed. Most studies reported no difference in PNC utilization 

among Medicaid managed care plans compared to FFS while a few studies found a 

negative effect. A study of Medicaid plans in three California counties between 1987 and 

1992 found that managed care plans consistently had lower PNC utilization rates (Tai-

Seale, LoSasso, Freund, & Gerber, 2001). One study in Washington State utilized two 

comparison groups in assessing the effect of managed care on PNC utilization: Medicaid 

FFS and a commercial manage care plan (Krieger et al., 1992). This study found that PNC 

utilization did not differ between Medicaid managed care and Medicaid FFS, but 

utilization in the commercial managed care plan was higher than the Medicaid managed 

care plan. In Missouri a comparison of Medicaid plans that switched to managed care from 

1995 to 2000 and those that remained FFS for the same time period, found that the 

probability of early PNC initiation increased for both groups and there was no change in 

early PNC initiation attributable to managed care and managed care was associated with a 

smaller improvement in PNC adequacy (Sommers, Kenney, & Dubay, 2005). Another 

study in California compared Medicaid FFS to capitated payments in 1993 across five 

counties and found no difference in PNC adequacy between the groups (Oleske, Branca, 

Schmidt, Ferguson, & Linn, 1998). Most of these studies observed overall low rates of 

PNC utilization among Medicaid beneficiaries irrespective of payment model and 

criticized the move from FFS to managed care among Medicaid plans for not incentivizing 

improvements in PNC quality among providers or beneficiaries (Goldfarb et al., 1991).   
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There are also studies that reported improvements in PNC quality in Medicaid 

managed care plans compared to FFS. For instance, following mandatory enrollment in 

managed care for specific beneficiary groups in New York, significant improvements in 

several quality measures, including PNC initiation in the first trimester, were reported 

(Roohan et al., 2006) and in Illinois, PNC utilization increased among Medicaid 

beneficiaries following a shift to managed care from FFS (Raube & Merrell, 2000). In 

Ohio, the probabilities of early PNC and adequate PNC increased following mandatory 

enrollment to HMOs (Kenney, Sommers, & Dubay, 2005).  

An important consideration in the discourse of Medicaid managed care plans and 

how they respond to Medicaid sponsored initiatives is the proportion of the plans’ client 

base that consists of Medicaid beneficiaries. Plans that are dominated by Medicaid 

beneficiaries are more likely to give priority to conditions that are important to Medicaid 

(Felt-Lisk & Gold, 2003), such as PNC. Given that there was significant managed care 

penetration in OHP prior to the inception of CCOs (Howard et al., 2015; KFF, 2015d), 

managed care may not play a significant role in changing PNC utilization following CCO 

implementation. The following sections will summarize evidence on global payments and 

pay-for-performance which are ‘new’ key elements of CCO contracts and their effects on 

healthcare utilization generally and PNC utilization specifically.  

 

 

2.4.2 Global payments and health care access and quality 

Although there are no studies on the effect of global payment mechanisms on prenatal 

or maternity care utilization and quality specifically, there is some evidence on the impact 
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of global payment on health care utilization generally and for specific types of care. In the 

mid 1990’s, implementation of global budgets within a managed care delivery setting in 

Switzerland was associated with more individuals accessing primary care physicians but 

the total number of healthcare visits did not change (Etter & Perneger, 1997). A similar 

pattern was observed for physical therapy in long term care facilities in Michigan and 

Ontario, Canada (Wodchis, Fries, & Pollack, 2004) and for dental services in Taiwan 

(Hsueh, Lee, & Huang, 2004). 

A relevant and recent example comes from the Alternative Quality Contract (AQC), 

which was launched by Blue Cross Blue Shield in Massachusetts in January 2009. The 

AQC operates a global payment model coupled with pay-for-performance (BCBSMA, 

2010; Chernew, Mechanic, Landon, & Safran, 2011). Several studies have assessed the 

early impact of the AQC on different healthcare services. One study focused on the impact 

of the AQC on emergency department visits in 2009 and found a modest reduction in 

emergency department visits in both AQC and non-AQC groups, with no significant 

benefit associated with AQC membership (Sharp et al., 2013). Another study investigated 

the impact of the AQC on healthcare spending and quality of care in the first year (Song et 

al., 2011). This study found modest but significant benefits associated with AQC 

membership relative to non-AQC members in the proportion of members meeting quality 

benchmarks for chronic disease (2.6%) and pediatric care (0.7%) but not for adult 

preventive care (0.1%) (Song et al., 2011). Another study on the AQC reported modest but 

significant improvements in ambulatory care quality measures in year one (2.6%) and 

more improvements in year two (4.7%) (Song et al., 2012). These findings suggest that 
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health providers do respond to global payments and pay-for-performance and this can 

result in improved quality of care (Song et al., 2014). 

2.4.3 Pay-for-performance and PNC utilization 

Pay-for- performance is a means of rewarding providers for the provision of quality 

care (Bokhour et al., 2006; Doran et al., 2006). Incentivized payments have been shown to 

improve quality of care measures in various health service domains including pediatrics, 

inpatient care, and ambulatory care (Gleeson, Kelleher, & Gardner, 2016; Rosenthal, 

Landrum, Robbins, & Schneider, 2015). Also, among physicians caring for Medicare 

beneficiaries, higher quality of care practices were found among physicians receiving 

incentivized reimbursements compared to salaried physicians (Landon et al., 2014). A 

survey of leaders of primary care physician groups in Massachusetts found that pay-for-

performance linked to quality of care measures fostered the adoption of initiatives for 

quality improvements (Mehrotra et al., 2007). One study on the impact of the AQC on 

pediatric quality of care found that the AQC led to modest improvements on quality 

measures that were linked to pay-for-performance, but had no effect on quality measures 

that were not linked to pay-for-performance (Chien et al., 2014). There are some studies 

where this association between pay-for-performance and increased quality was not 

observed. For example in a Medicaid managed care program in New York, pay-for-

performance aimed at improving the quality of care for diabetes did not result in significant 

improvements (Chien, Eastman, Li, & Rosenthal, 2012).  

Studies on the impact of pay-for-performance on PNC utilization are sparse in the 

US. However, there are some studies in the US that have assessed the impact of the 

generosity of Medicaid reimbursement to FFS providers of PNC. For instance, in 1986 
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Maryland Medicaid increased reimbursement to obstetric providers and essentially 

matched payments for delivery and PNC visits to what was obtainable among commercial 

payers (Fox & Phua, 1995). Although the number of providers accepting Medicaid 

increased by about 20%, there was no difference in the number of PNC visits in the year 

following the increase (Fox & Phua, 1995). One study investigated the impact of Medicaid 

generosity - measured by Medicaid FFS reimbursement rates to physicians – on prenatal 

care utilization –measured by number of prenatal care visits (Sonchak, 2015). This study 

found that a 10% increase in Medicaid reimbursement resulted in an increase in PNC visits 

of .17 for disadvantaged Black mothers and .20 for disadvantaged White mothers. The 

study concluded that increasing reimbursement rates to providers is insufficient to improve 

utilization among the most disadvantaged groups of women, and recommended policies 

targeting the elimination of barriers that prevent disadvantaged mothers from adequately 

accessing prenatal care. Another study investigating the effect of Medicaid FFS physician 

reimbursement on early PNC initiation found that a 10% increase in Medicaid physician 

reimbursement led to a 1% point increase in the probability of first trimester PNC initiation 

(Gray, 2001). The Oregon CCO setting differs from these study settings in that the CCOs 

contracts with Medicaid are global payments and not FFS. Also there is no ‘direct’ 

increased reimbursement specifically for obstetric services in CCO contracts. Rather the 

‘whole’ CCO –which comprises providers from different health service domains - are 

offered a financial incentive directly linked to meeting quality of care benchmarks, one of 

which is PNC initiation in the first trimester or within 42 days of CCO enrollment. 

Most of the evidence on financial incentives and pay-for-performance for PNC and 

maternity services is from studies in developing economies. Several low-income-countries 
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are reforming their health systems and pay-for-performance is increasingly being used to 

alter provider behaviors and promote health care utilization among the indigent and several 

studies have assessed the impact of pay-for-performance strategies on PNC utilization and 

quality. The evidence for the impact of pay-for-performance on skilled birth attendance 

and institutionalized births is strong (Eichler et al., 2013; Morgan et al., 2013) whereas the 

evidence for PNC utilization being increased with pay-for-performance is rare. In Rwanda, 

the impact of pay-for-performance was highest for services with higher reimbursement 

rates and for services requiring minimal provider effort-like institutional delivery but there 

was no impact of pay-for-performance on PNC utilization (Basinga et al., 2011). Other 

studies in Afghanistan (Engineer et al., 2016), Tanzania (Binyaruka et al., 2015), Burundi 

(Falisse, Ndayishimiye, Kamenyero, & Bossuyt, 2015), and Egypt (Huntington, Zaky, 

Shawky, Fattah, & El-Hadary, 2010) also found no effect of pay-for-performance on PNC 

utilization. Explanations that have been offered for these null effects include the relatively 

low financial incentive for PNC, poor communication with health providers regarding the 

intent of the incentive, ongoing reforms at the time of the study which significantly 

reduced the cost of PNC to women thereby attenuating the effect of incentivized payments, 

and neglect of the demand side of PNC utilization. One study from Bangladesh found that 

facilities with provider-based incentives experienced a 57% increase in the volume of PNC 

visits while facilities with both provider and client incentives experienced a 254% increase 

in the volume of PNC (Rob & Alam, 2013). 

Findings on the role of demand-side incentives which focus on altering women’s 

attitudes and behavior towards PNC are more positive, both within and outside the US. In 

Alabama, low-income and uninsured women were offered coupons for discounted and free 
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items  which they had to validate at their scheduled PNC visits and this increased 

motivated more women to seek care (Ingram et al., 1993).  Recently in American Samoa, 

women were offered free PNC clinics, ultra sounds, and inpatient stay for delivery in 

exchange for initiating PNC in the first trimester and attending at least 80% of the 

recommended PNC visits (Hawley et al., 2014). In this study there was a significant 

increase in PNC initiation and adherence to the recommended PNC visit schedule. A 

review of demand-side interventions for maternal/child health in low-income countries 

found that the effects of financial incentives in PNC utilization were overwhelmingly 

positive (Hurst, Semrau, Patna, Gawande, & Hirschhorn, 2015).  Already in the US, most 

maternity –related services are at no cost to Medicaid beneficiaries. However the role of 

providing further client-based incentives to increase PNC utilization has not been studied 

in recent years.    

 

2.5 Care coordination  

The PCMH model is the foundation of the Oregon CCOs. Care coordination and 

primary care delivery in patient centered medical homes have the potential to improve 

quality of care (Collins, Piper, & Owens, 2013; Savage, Lauby, & Burkard, 2013). This is 

evidenced by the increase in the number safety net hospitals that are adopting coordinated 

care models as these hospitals are under significant pressure to improve outcomes and 

reduce costs (Cunningham, Felland, & Stark, 2012). Under the PCMH model, in addition 

seeing patients at the primary care location, efforts are made to enhance outreach to 

patients by providing additional services such as after-hour access, telephone access and 

reminders for preventive services (McConnell et al., 2014). The adoption of PCMH models 
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have been linked to improved patient experience and decreased utilization of emergency 

department services (Hoff, Weller, & DePuccio, 2012; Xin, Kilgore, & Sen, 2015). Several 

Medicaid programs have initiated PNC coordination at different times and there are studies 

that have assessed the impact of care coordination on PNC utilization and birth outcomes. 

Care coordination has been found to increase early PNC initiation (Bradley & Martin, 

1994; Meghea, Raffo, Zhu, & Roman, 2013) and PNC utilization (Meghea et al., 2013; 

Reece, Leguizamon, Silva, Whiteman, & Smith, 2002) among Medicaid populations and 

among minority women (Jewell & Russell, 2000). In Indianapolis, in addition to PNC 

utilization, care coordination was also found to reduce the risk of pre-term labor and 

participation in the WIC program (Garry, Brown, Abernathy, & Brown, 1998). The 

importance of care coordination practiced in the context of primary care was also shown by 

a study in Michigan which found that a majority of primary care providers serving 

Medicaid beneficiaries were unaware of the community-based Medicaid-sponsored 

enhanced PNC services that existed and this led to inefficient referrals of patients who 

would have benefited from the program (Raffo, Gary, Forde, Meghea, & Roman, 2014). In 

Maryland, coordination of care by Medicaid providers was important in increasing the 

number of PNC visits by Medicaid beneficiaries in rural areas (Fox & Phua, 1995). 

Coordinated care is also generally associated with reduced costs (Collins et al., 2013; 

Xing, Goehring, & Mancuso, 2015). However, there are challenges that threaten the 

endurance and dissemination the PCMH model. These include the deficit in the supply of 

primary care providers and the fact that the PCMH model represents a major shift from the 

way healthcare is currently being delivered (Hoff, 2010; Stecker, 2014). 
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2.6 Quality metrics and public reporting 

Public reporting on costs, outcome, and quality measures is an important 

characteristic of CCOs (Howard et al., 2015).  Reporting under the CCOs is mandatory and 

CCOs can terminate providers for failure to report on quality metrics (Howard et al., 

2015). Measurement and public reporting of quality metrics have the potential to influence 

clinical practice (Castles, Milstein, & Damberg, 1999; Joynt, Blumenthal, Orav, Resnic, & 

Jha, 2012) and adoption of quality benchmarks has been shown to reduce adverse 

outcomes in obstetrics (Clark, Meyers, Frye, & Perlin, 2011). Although public reporting of 

quality of care has the potential to foster consumer participation in healthcare and increase 

provider accountability (Marshall, Romano, & Davies, 2004), public reporting also comes 

with important challenges. A study on public reporting among nursing home facilities 

found that reporting was increased among higher performing facilities and decreased for 

lower performing facilities (Werner, Konetzka, & Kruse, 2009). Another study found that, 

compared to commercial MCOs that publicly report on quality of care metrics, MCOs that 

restrict reporting consistently had lower quality of care scores (Thompson et al., 2003). 

There is also a presumption that when reports on quality metrics are made public, 

consumers will use this information to select facilities, plans, or providers but there is very 

little evidence to support this assumption (Faber, Bosch, Wollersheim, Leatherman, & 

Grol, 2009). One study on ‘high profile reporting’ on PNC in the United Kingdom found 

that patient perception of quality of maternity care did not differ significantly between the 

‘best’ and ‘worst’ hospitals (Laverty, Laudicella, Smith, & Millett, 2015). Furthermore, in 

the CCO model, Medicaid beneficiaries do not have a ‘choice’ of CCO since membership 
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is determined by geography (Howard et al., 2015). Public reporting in this context 

however, may encourage public discussion (Faber et al., 2009).  

 

2.7 Expanded group of providers 

Several studies have investigated the role of non-physician providers in PNC and 

delivery. Older studies suggest that women with midwife attended births were less likely to 

initiate PNC early and also had fewer PNC visits (Clarke, Martin, & Taffel, 1997; E. R. 

Declercq, 1995). A more recent study comparing obstetrician-led PNC to midwife-led 

PNC reports that PNC led by midwives was associated with earlier PNC initiation and 

higher patient satisfaction (Butler et al., 2015). Currently, CCOs do not contract with direct 

entry midwives who mainly attend out-of-hospital births. This has been a source of debate 

in the state given that Oregon has one of the highest rates of home births in the country 

(Martin, Hamilton, Osterman, Curtin, & Matthews, 2013).  

There is also evidence that incorporating the services of non-clinical ‘providers’ 

could improve PNC utilization. For example, one study found that PNC utilization 

increased significantly among Medicaid women with high risk pregnancies who received 

ancillary PNC services from their MCO and home health worker visits was one of several 

services included in the program (Alexander, Hulsey, Foley, Keller, & Cairns, 1997). 

Findings from other studies on the effect of home visits on birth outcomes also support the 

positive effect of home visits on PNC utilization (Issel, Forrestal, Slaughter, Wiencrot, & 

Handler, 2011; Meghea et al., 2013). It has also been argued that social workers can help 

women overcome structural barriers –including transportation and communication barriers 

- to health care access and as such improve PNC utilization (Cook et al., 1999). This point 
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is underscored by the fact that although the clinical visit is at the core of PNC, historically 

the perception of PNC as public health prevention stemmed from the ancillary services – 

such as WIC and other social services - that were usually linked to PNC (Alexander & 

Kotelchuck, 2001). Previous cornerstone recommendations also share this sentiment that 

the content of PNC should include social support and psychosocial interventions (Rosen et 

al., 1991). In fact, one of the arguments for providing PNC under a managed care delivery 

system is that MCOs are in a better position to coordinate clinical and social services, both 

of which are required for optimal pregnancy outcomes (Minkovitz, Duggan, & Wilson, 

1999).  

Community health workers have also been instrumental in improving PNC 

utilization, particularly in lower income countries.  In Tanzania, a large community health 

worker intervention significantly increased the number of women presenting for PNC 

overall and the number of women presenting for PNC early in pregnancy (Lema et al., 

2014). In the US, much of the evidence on the role of community health workers is in the 

management of chronic disease. In primary care, integration of community health workers 

to diabetes clinical teams has had positive impacts on patient knowledge and clinical 

outcomes (Collinsworth, Vulimiri, Snead, & Walton, 2014; Otero-Sabogal et al., 2010).  

Summary: PNC has evolved into a foundational preventive service utilized by the 

vast majority of pregnant women in the industrialized world. Increased PNC adequacy can 

improve maternal and infant health outcomes particularly among women at risk for very 

low PNC utilization and women at risk for adverse birth outcomes. Disparities in PNC 

utilization exist by insurance-type and also by race/ethnicity and these disparities might 

explain differences in risk for adverse birth outcomes. Care coordination, global payments 



55 

 

and pay-for-performance have also been shown to influence healthcare utilization and 

these healthcare innovations come together in a unique combination in Oregon, providing 

an unprecedented opportunity to study their impact on utilization of preventive health 

services Given the relatively weak evidence base characterizing the impact of such reforms 

on PNC specifically, this presents a unique opportunity to characterize the impact of 

policies on this cornerstone preventive health service. 
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Fiure 2.1Disparities in access to care by insurance type 

 
ESI/other private Marketplace Medicaid 

 

     

 

23%* 

 

 

Could not get appt. w/provider                          Could not get appt. because provider did 

not 

accept their coverage 

 

Access to appointments among women, by insurance type, fall 2014. *p < .05 

versus employer-sponsored insurance (ESI)/other private.  

Source: Kaiser Family Foundation analysis of the 2014 Kaiser Survey of Low-

Income Americans and the ACA. 
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Figure 2.2: White/Black disparities in early prenatal care initiation by race 

 

 
Source: Centers for Disease Control and Prevention, National Center for Health 

Statistics (Martin, Hamilton, et al., 2013). 
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CHAPTER 3: 

EFFECT OF CCO IMPLEMENTATION ON PNC UTILIZATION 

 (RESEARCH QUESTION 1) 
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3.1 Conceptual framework 

The following conceptual framework (Figure 3.1) utilizes the Andersen model of 

health care utilization (Andersen & Newman, 1973) and builds upon a recent adoption of 

this model for PNC utilization in the Netherlands by Feijen-de Jong and colleagues 

(Feijen-de Jong et al., 2015). The Andersen model posits that health services system 

characteristics and societal determinants feed into individual determinants which 

ultimately influence health care utilization.  

3.1.1 Health services system characteristics 

Health services system characteristics that could influence healthcare utilization 

include the availability of health care resources (and their geographic distribution), the 

affordability of care, quality of care (which can influence utilization via patient 

satisfaction), and the organization and structure of the health care system. Health system 

resources include personnel, structures, and medical equipment. The organization and 

strucute of care within a health system can directly affect patients’ acess to care through 

various mechanisms such as out of pocket payments, amount of wait time and eligibility 

for services. Patients’ access is also affected by the availability of providers and provider 

behavior which can be influenced by reimbursement mechanisms such as global payment 

and pay-for-peformance. 

In global payment models, financial risk is shifted from the payer to the provider. 

Much like capitation, under global payment contracts, providers are ‘forced’ to decide 

what, and how much services to offer to their patient population within the scope of what 

services are covered in their contracts. Global payment can lead to more efficient care 

delivery by reducing utilization of excess, unnecessary, and expensive services and 
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promoting the use of necessary, preventive, and cheaper alternatives (R. E. Chang, Tsai, & 

Myrtle, 2015; Markovich, 2012; Song, Fendrick, Safran, Landon, & Chernew, 2013; Song 

et al., 2014; Song et al., 2011; Song et al., 2012). Pay-for-performance can also improve 

quality of care (Landon et al., 2014). Therefore, coupling global payments with pay-for-

performance, can promote quality of care and the efficient use of services, while 

discouraging volume of services (Sun et al., 2016). Specifically, incentivized quality of 

care measures have been shown to improve under global payment contracts (Chien et al., 

2015; Chien et al., 2014). 

The impact of an expanded provider-base on health care quality and utilization may 

be stronger in health domains like maternal and child health where there is significant 

overlap in the goals of clinical providers (like obstetrics & gynecology specialists, family 

physicians, and certified nurse midwives) and non-clinical providers (like community 

health workers and doulas) and other groups that may partner with providers (such as 

public health departments). Public health department collaborations with Medicaid ACOs 

are stronger than collaborations with other type ACOs and this is (in part) due to 

significant overlap in interests in areas like maternal and child health (Costich et al., 2015). 

In emerging economies like Uganda and Tanzania, community health workers have been 

shown to improve rates of timely PNC care initiation, overall participation in PNC, and 

institutionalized delivery rates (Lema et al., 2014; Mangwi Ayiasi, Kolsteren, Batwala, 

Criel, & Orach, 2016). Therefore, increasing the number of providers that patients have 

access to, and expanding the provider mix to include non-clinical providers, has the 

potential to improve quality of care and increase utilization. 
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3.1.2 Social determinants 

Societal norms surrounding pregnancy and childbirth have drastically eveolved 

over the past century and these norms can influence healthcare utilization via community 

attitudes. Andersen points out, for example, the evolution of societal norms surrounding 

place of birth that led to the increase in hospital births from under 60% in the 1940’s to 

over 95% in the 1970’s (Andersen & Newman, 1973). This trend occurred alongside 

increasing voluntary insurance health coverage as well as increased particiation of the 

government in insurance through Medicare and Medicaid programs (which reflect major 

changes in the organization and resourse component of the Andersen model). The past 

decade, however,  has seen a small but steady increase in out-of-hospital births, mostly 

among white mothers, and in states with less ethnic diversity (MacDorman & Declercq, 

2016; MacDorman, Matthews, & Declercq, 2014). Also, in the US, the proportion of 

women reciving PNC and delivery services from certified nurse midwives (CNMs) has 

also been on the increase reaching up to 11% in 2009 from around 3% in 1989 (E. 

Declercq, 2012), further suggesting a shift in community attitudes towards pregnancy and 

delivery. Older studies suggest that women with midwife attended births were less likely to 

initiate PNC early and also had fewer PNC visits (Clarke et al., 1997; E. R. Declercq, 

1995). A more recent study comparing obstetrician-led PNC to midwife-led PNC reports 

that PNC led by midwives was associated with earlier PNC initiation (Butler et al., 2015).  

3.1.3 Individual determinants 

In the Andersen model, individual determinants exist in the context of the existing 

health system and societal determinants. These individual characteristics capture (1) 
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factors that predispose  people to utilize more or less care, (2) factors that enhance or limit 

individuals’ ability to utilize care, and (3) the health needs of individuals.  

Predisposing factors for PNC utilization include existing characteristics prior to 

pregnancy. They can be broken down further into demographic characteristics (such as age 

and outcomes of previous pregnancies), social characteristics (including ethnicity, 

education,  and marital status), and beliefs (such as attitudes towards health services or 

health service providers). Younger age (Feijen-de Jong et al., 2012; M. Heaman et al., 

2013; Wallace & Harville, 2012) and racial/ethnic minority status (Docherty & Johnston, 

2015; Feijen-de Jong et al., 2012; Wallace & Harville, 2012) are associated with late PNC 

initiation and PNC inadequacy. Higher education has been linked with better PNC 

utilization among general populations of women (Feijen-de Jong et al., 2012) as well as 

among groups known to be at risk for poorer PNC utilization, for example, migrant women 

(M. Heaman et al., 2013). Compared to married women, single women are at risk of 

inadequate PNC utilization (Feijen-de Jong et al., 2012; Wallace & Harville, 2012) and 

women with a previous miscarriage are more likely to initiate PNC earlier (Bicking 

Kinsey, Baptiste-Roberts, Zhu, & Kjerulff, 2015). 

Enabling factors include family characteristics (such as insurance status and 

income) and community characteristics (such as rurality and provider density). Compared 

to privately-insured women, having no insurance or having public insurance is associated 

with inadequate PNC (Docherty & Johnston, 2015; Feijen-de Jong et al., 2012; M. Heaman 

et al., 2013). Although low-income women are generally considered a vulnerable group for 

inadequate PNC utilization and adverse birth outcomes, and several studies have focused 

on studying predictors of PNC utilization or interventions to improve PNC utilization 
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among this group (Mikhail, 2000; Tandon et al., 2013), the impact of income itself on PNC 

utilization in the US is hardly reported in the literature. Infact, one study from the US, 

found that increasing out-of-pocket costs made no difference in prenatal or postnatal care 

among a sample of women in Massachusetts (Kozhimannil et al., 2011). With regard to 

rurality, women in rural communities may experience more access barriers which could 

put them at risk for lower PNC utilization (Kitsantas et al., 2012).  

Health needs could be perceived health status or diagnosed illness. This captures 

characteristics such as parity, pre-existing chronic conditions, and disability. High parity is 

associated with inadequate PNC (Feijen-de Jong et al., 2012). Diabetes and hypertension 

are two of the most common pre-existing  morbidities that women have prior-to and during 

pregnancy. There seems to be a clearer link between existing diabetes and increased PNC 

utilization,  compared to hypertension (Zozzaro-Smith et al., 2016). However, the 

prevalence of chronic hypertension has been shown to be higher among groups known to 

be at risk for poor PNC utilization, for example racial/ethnic minorities (LaVallie et al., 

2003; Romero, Duke, Dabelea, Romero, & Ogden, 2012). 

Feijen-de Jong and colleagues include a fourth component of the individual 

determinants to the Andersen’s model which captures health behavior such as tobacco use, 

alcohol comsumption, body mass index, and folic acid intake (Feijen-de Jong et al., 2015). 

Other studies have found increased risk of inadequate PNC unitiation among women with 

unhealthly habits during pregnancy, for example, among women that smoke during 

pregnancy (Debessai, Costanian, Roy, El-Sayed, & Tamim, 2016; Erickson & Arbour, 

2012). 
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3.2 Empirical framework 

Although CCOs are required to provide a wide range of services to their members, 

and receive a global payment for these services, CCOs are likely to pay special attention to 

those services that attract a reward. For example, CCOs are required to provide both 

prenatal and postnatal services. But while timely PNC initiation attracts a reward, the 

quality of postnatal services, does not (although it is routinely reported by CCOs). 

Therefore, CCOs are likely to try to increase the proportion of their members with timely 

PNC initiation as this is one of the incentivized quality measures for CCOs.  

CCOs are actually equipped with an arsenal of strategies to achieve this outcome. 

For instance, the state provided detailed guidance to CCOs to help them achieve the target 

for this specific outcome (OHA, 2014b). This guidance document provided detailed 

information on strategies to overcome common barriers women on Medicaid face with 

initiating PNC early, strategies on partnering with established programs, and other 

strategies like motivating early PNC initiation using direct incentives to women and 

incorporating screening for pregnancy intentions into routine primary care for women of 

childbearing age (OHA, 2014b). The state also encouraged CCOs to use alternate payment 

methods within their organizations (Howard et al., 2015; McConnell et al., 2014) and so 

CCOs could adopt these to improve quality measures of interest. For example CCOs could 

choose to give financial incentives for timely scheduling of appointments to providers who 

care for women of child bearing age such as obstetrics/gynecology providers and family 

practice providers.  

CCOs could also choose to leverage partnerships with the public health department, 

or build new collaborations with other community-based groups like maternity case 
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management, patient navigators, and traditional health workers, to reach out to expectant 

mothers in the community and encourage them to schedule a PNC visit or even enroll in 

their community’s CCO (OHA, 2014b). It may take some time, however, for CCOs to 

build up capacity and implement strategies to achieve targets and so improvements are 

likely to become more evident over time. (Mechanic et al., 2011; Song et al., 2012) 

CCOs operate under a global payment model which can discourage the utilization 

of excessive services. Although CCOs have no incentive to encourage more PNC visits, it 

is unlikely that CCOs will actively discourage women from receiving the recommended 

number of PNC visits. For example, the implementation of an outpatient global budget 

system for dialysis patients in Taiwan resulted in a reduction in the use of hypertensive 

medication during dialysis, but the number of dialysis visits did not change (R. E. Chang et 

al., 2015). The standard for initiating PNC in the first trimester and adhering to the 

recommended schedule of visits (monthly visits until 28 weeks’ gestation, then bi-weekly 

visits until 36 weeks’ gestation, and then weekly visits afterwards) has been in existence 

for over a century, is promoted by the CDC and ACOG (ACOG, 1996; CDC, 2011), and is 

generally accepted across the US. Also CCOs have an incentive to increase early PNC 

initiation and this can give a ‘head start’ to women who would otherwise have initiated 

PNC later. This may also increase the probability that they will also receive more visits, 

and as such achieve PNC adequacy. 

PNC utilization patterns could also have been affected by other events that occurred 

alongside CCO implementation such as the ACA, which drew attention to PNC by 

requiring that all plans cover routine PNC with no cost-sharing, and Oregon’s hard stop 

policy limiting early elective deliveries which has significantly impacted obstetric practice 
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in the state and could also have influenced the quality of PNC. The ACA however, was not 

unique to Oregon, and there have been several efforts across the county also limiting early 

elective deliveries, including an effort in Washington State driven by its Medicaid program 

(ASTHO, 2014). In addition to these, PNC utilization may also have changed if maternal 

demographics (such as educational achievement and chronic disease prevalence) have 

changed over time.  

With regards to rurality, Oregon is unique in its broad distribution in population 

density and therefore the conventional rural/non-rural dichotomy may not adequately 

differentiate women with regards to access to providers and other challenges posed by 

residing in a ‘rural’ community. In fact, one study  in Oregon, which used a three level 

categorization for rurality (urban, large rural, and small rural) found no association 

between rural residence and PNC utilization (Epstein, Grant, Schiff, & Kasehagen, 2009). 

Accounting for residence by county could provide more granular information regarding 

‘rurality’ and its association with PNC utilization. 

Based on this framework and the availability of data within vital records, the 

following empirical model was specified: 

PNC UTILIZATION =                                                                                                          

Health system factors (CCO implementation, provider type) +                        

Predisposing factors (maternal age, previous preterm pregnancy, ethnicity, 

education, marital status) +                                                                                                            

Health needs (parity, hypertension, diabetes) +                                                          

Health behavior (smoking). 
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County fixed effects were also included in the empirical models to capture county 

level characteristics that could be associated with PNC utilization. Incorporating county 

fixed effects can help account for enabling factors such as income level, rurality, and 

provider density, as well as other unobserved, time-invariant county characteristics that 

could be associated with PNC utilization (Baker, 1999).   

 

3.3 Method 

This was a quasi-experimental retrospective observational study utilizing a 

difference-in- differences (DID) approach and using vital records from 2008 to 2013 from 

Oregon and Washington states. This study was approved by the Institutional Review 

Boards of Oregon Health & Science University and Oregon State University (See 

Appendices A and B). 

3.3.1 Outcomes 

The primary outcome of interest is the probability of initiating PNC within the first 

trimester. First trimester PNC initiation is a measure of PNC utilization that has been used 

for decades (Kogan, Martin, et al., 1998a). All major indices of PNC adequacy consider 

adequate care to begin within the first three months (except the Kotelchuck index with 

considers the first four months as adequate; Table 3.1)(Alexander & Kotelchuck, 1996).  

Most population studies assessing timely PNC initiation and its association with infant 

health outcomes also utilize the first trimester of pregnancy as the cut-off (Docherty & 

Johnston, 2015; Dubay et al., 2001; Ruwe et al., 2010). 

The secondary outcome of interest is the probability of PNC adequacy. PNC 

adequacy is always measured as a function of the timing of PNC initiation and the 
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frequency of visits and several indices have been developed to measure the adequacy of 

PNC (Figure 3.1) (Alexander & Kotelchuck, 1996). The most commonly used measures of 

PNC adequacy are the Kotelchuck’s Adequacy of Prenatal Care Utilization (APNCU) 

index and Kessner or Institute of Medicine (IOM) index. The Kessner index utilizes three 

levels of adequacy: adequate, intermediate and inadequate (Rush, 1974). For a normal 

length pregnancy, the Kessner index qualifies PNC as adequate if PNC was initiated in the 

first trimester and there were at least nine PNC visits; inadequate if PNC was initiated in 

the third trimester and there were four or less visits, and intermediate for women who fall 

in between these two groups (Rush, 1974).  

The Kotelchuck index was developed to address some limitations in the Kessner 

index including the assumption in the Kessner index that PNC services received from a 

public facility can never be adequate, the limited positive associations between the Kessner 

index and birth outcomes reported in some studies (Gortmaker, 1979; Showstack, Budetti, 

& Minkler, 1984), and the fact that nine visits is lower than ACOG’s recommendation for 

a full term pregnancy (Kotelchuck, 1994b). The Kotelchuck index utilizes four levels of 

adequacy: adequate plus, adequate, intermediate, and inadequate. Women initiating PNC 

between one to four months gestation and receiving 80-109% of  the expected number of 

visits based on ACOG’s recommendations are qualified as having adequate PNC based on 

the Kotelchuck index (Kotelchuck, 1994b). 

In the present study PNC adequacy is defined as initiating PNC within the first 

trimester of pregnancy and having nine or more PNC visits. This definition was employed 

for two main reasons. Firstly, this study sought to understand CCO behavior in response to 

quality metrics by capturing a PNC utilization measure that was directly incentivized (early 
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PNC initiation) and another PNC utilization measure that was not directly incentivized, but 

could also change as a result of CCO implementation (PNC adequacy). As such, the study 

was particularly interested in subsequent PNC utilization among women who were 

initiating PNC in the first trimester. Secondly, the study used a conservative number of 

PNC visits (nine or more visits) to define PNC adequacy given that this minimum could be 

applied to all term pregnancies (37 or more weeks’ gestation).  

3.3.2 Exposure 

The main exposure being studied was CCO implementation. The CMS waiver 

allowing Oregon to work with CCOs was granted in July of 2012, and by the end of that 

year all the 16 CCOs had been approved (Howard et al., 2015). Therefore in the present 

study, the pre-policy period was defined as the period before July 2012 and the post policy 

period was defined as the period after December 2012. June to December 2012 was 

considered a transition period and observations from this period were excluded in the main 

analyses. 

3.3.3 Difference-in-differences estimators 

A major challenge in making causal inference in observational studies is the 

challenge of endogeneity.  Endogeneity occurs when there is a violation of the assumption 

that the error term is independent of the regressors in an ordinary least squares (OLS) 

regression analysis and this can lead to biased estimates. Endogeneity could occur as a 

result of omitted variable bias, measurement error or simultaneity. Various econometric 

approaches have been developed to address the issue of endogeneity. Instrumental 

variable, fixed effects, and difference-in-differences (DID) estimators are some of the 

methods that are prominent in the literature (Ashenfelter & Card, 1985; Gardiner, Luo, & 
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Roman, 2009; Imbens & Angrist, 1994). Instrumental variables are variables are 

significantly correlated with the exposure of interest but not with the outcome of interest. 

As such instrumental variable estimators are very useful when the exposure of interest is 

endogenous. Fixed effects models also address the problem of endogeneity due to omitted 

variable bias and are also useful in studying changes over time since they account for 

unobserved time-invariant characteristics.    

DID estimators (Ashenfelter & Card, 1985) can be considered a variant of fixed-

effects estimators and are a commonly used econometric tool to analyze natural 

experiments. By definition, the DID analysis compares change in the population/group that 

experienced the policy/intervention to change in a similar population/group that did not 

experience the policy/intervention. The DID approach is particularly useful in analyzing 

natural experiments because DID estimators also ‘net out’ the influence of unobserved 

secular trends that may have occurred alongside the policy or intervention (Monheit, 

Cantor, DeLia, & Belloff, 2011). DID models can also be applied to longitudinal data as 

well as repeated cross sectional data. 

 

Generic DID equation:  Y = β0 +   β1X  +  β 2Post  +  β 3X*Post  + 

u……………………(1) 

 

Where ‘Y’ is the outcome, ‘X’ is the exposure,  ‘Post’ is a function of time and 

differentiates observations before the policy period from observations after the policy 

period, and β3 is the coefficient of the interaction between X and Post and is the estimate of 

interest as it captures the effect of the policy or intervention. ‘u’ is the error term. 
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An important assumption in the DID approach is that, in the absence of the 

intervention or policy of interest, the intervention and control groups would have the same 

‘experience’ with regard to the outcome being studied. As such, investigating differences 

in the pre-policy trends of the outcome between intervention and control groups, and 

accounting for such differences in empirical models, is particularly important when 

utilizing DID estimators.   

The present study employed a DID approach for the following reasons: CCO 

implementation in Oregon is a natural experiment; there might be unmeasured state 

characteristics that are associated with the adoption of policies (like CCO implementation); 

and CCO implementation occurred within the context of major national and state policies 

that impacted the delivery of health services and could also have impacted PNC utilization. 

The DID approach has also been utilized by previous studies assessing the impact of health 

system changes on PNC utilization such as the impact of managed care on PNC utilization 

(Sommers et al., 2005) and the impact of “high profile public reporting” on PNC 

utilization (Laverty et al., 2015). 

For the present study, births in Oregon served as the treatment group while births in 

Washington State served as the control group. In addition to similarities in demographic 

composition, Washington and Oregon Medicaid programs also have important 

characteristics in common.  Prior to medical expansion under the ACA, income eligibility 

for pregnant women was 185% of the federal poverty level in both states, neither state 

required asset tests, and coverage continued for 60 days postpartum in both states (Ranji & 

Salganicoff, 2009). Medicaid covers over 40% of births in both states and coverage for 

prenatal vitamins and ultrasound are included in both states (Ranji & Salganicoff, 2009). 
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Importantly, just like Oregon, Washington State expanded Medicaid under the ACA (KFF, 

2015a) and similar to Oregon, Washington also adopted policy in 2010 to limit early 

elective deliveries in its Medicaid population (ASTHO, 2014). Although this differed from 

the Oregon hard stop policy which involved all hospitals across the state, both states have 

seen significant overall reductions in the prevalence of early elective deliveries (LeapFrog, 

2013). 

Time trends generally, and pre-policy time trends specifically were also accounted 

for in the present study. A linear time trend in each outcome was assumed in the main 

analyses and quadratic time trends were tested for in sensitivity analyses. 

3.3.4 Linear probability models 

Linear probability models apply OLS regression to binary outcomes and assume a 

linear relationship between the independent variables and the probability of the outcome. 

Linear probability models have been employed by previous studies assessing the impact of 

health system characteristics on PNC utilization where the outcomes of interest are 

dichotomous (Gray, 2001; Sommers et al., 2005) as is the case in the present study.  

Whereas non-linear models, such as logit or probit models, are commonly utilized 

to model dichotomous outcomes, linear probability models provide a number of 

advantages, particularly for DID estimators, and have been commonly used to model the 

impact of health system changes on PNC utilization. Interpretation of the magnitude of 

coefficients of interaction terms in non-linear models is not straight forward and requires 

the computation of marginal effects (Buis, 2010). Conversely, estimates from linear 

probability models, including coefficients of interaction terms, represent the marginal 

effects. However, the direction and significance of the coefficient of interaction terms in 
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non-linear models are reliable and should be consistent with the direction and significance 

derived from well specified linear probability models (Buis, 2010; Hellevik, 2009). An 

important limitation of linear probability models is that for some observations, it is 

possible for combinations of explanatory variables to predict probabilities of the outcome 

that fall outside the 0 – 1 range. This is why linear probability models are more appropriate 

when the probabilities being modeled are not extreme values (Hellevik, 2009).  

In the present study, the validity of the linear probability model specification was 

tested by comparing the direction and significance of the DID estimators derived from 

these models to DID estimators derived from logistic regression models. Secondly, for 

each model, the predicted values of each outcome was computed for every observation to 

determine the proportion of observations with predicted values of the outcome that fell 

outside the 0 – 1 range.  

Assumptions of OLS regression models also apply to linear probability models. 

Consistent OLS estimates are based on the assumptions of homoskedasticity of errors, no 

clustering of errors in groups, and no perfect collinearity. The first two assumptions are 

often violated as errors may be clustered for observations that share a common 

characteristic. In linear probability models, the errors are automatically heteroscedastic 

because the dependent variable can only take on two values (0 and 1). In the present study, 

the Huber White variance estimator was used to correct for heteroscedastic errors 

(Williams, 2000) and potential clustering of errors by county was explored in sensitivity 

analyses. Pairwise correlations were used to test for the multicollinearity between the 

outcome variables and the independent variables. 
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Based on the above considerations the present study derived DID estimators from 

multivariable linear probability models controlling for a comprehensive set of confounders, 

time trends, and county fixed effects. The following empirical model was specified for 

research questions 1a and 1b which assessed the impact of CCO implementation on the 

probabilities or early PNC initiation and PNC adequacy respectively among Oregon 

Medicaid beneficiaries overall.  

PNCist= β0  + β1CCOs + β2Postt + β3(CCOs*Postt)+ + X’ist  + Cc + Tt + e………….(2) 

 

Where PNCi represents the probability of early PNC utilization and equals ‘1’ if the ith 

woman initiated PNC within the first trimester and ‘0’ if the ith woman initiated PNC after 

the first trimester. CCO equals ‘1’ if the ith woman is in Oregon and ‘0’ if the ith woman is 

in Washington and β1 captures the main effect for CCO. Post equals ‘1’ if the ith woman 

delivered in the post-policy period and ‘0’ if the ith woman delivered in the pre-policy 

period. Β3 is the DID estimate and captures the effect of CCO implementation on PNC 

utilization in Oregon (relative to the effect for Washington). C represents the county fixed 

effects and T captures the effect of time trend and equals ‘1’ for the ith woman delivering 

in month 1 (January 2008) and ‘2’ for the ith woman delivering in month 2 (February 

2008), etc. X’ is a vector of maternal characteristics for the ith woman. These included 

maternal age, maternal race/ethnicity, education, marital status, parity, smoking, type of 

provider, chronic/gestational diabetes, chronic hypertension, provider type and previous 

preterm delivery. The final term ‘e’ is the error term. 

Time trend in the CCO effect on early PNC initiation and PNC adequacy in the 

post-CCO period (research question 1c) was estimated using the following model 
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PNCist= β0  + β1CCOs + β2Postt + β3(CCOs*Postt)+ + X’ist  + Cc + Tt + Tt 
post

 +  

e………….(3) 

Where T
post

 represents time trend for the effect of CCO and equals 1, 2, 3, …12 

corresponding to the 12 months in the post-CCO period and ‘0’ for all observations in the 

pre-CCO period.  

Effect of CCO implementation by race/ethnic group (research question 1d) was 

estimated using the model in equation 2 on subgroups of women (White, Hispanic, and 

Black women) covered by Medicaid in Oregon and Washington. 

For each research question, crude DID and adjusted DID estimates were derived. 

The unadjusted model was specified with main effects for CCO and Post and the 

interaction between these two variables as the only regressors in the model. The adjusted 

models were specified as in equations 2 and 3 above. 

Stata statistical package (version 14, StataCorp, College Station, TX) was used for 

all analyses. 

 

3.4 Data 

The study drew from two different data sources: Oregon Vital Records (Birth 

Certificate statistical files) from the department of Health Analytics of the Oregon State 

Public Health Department, and Washington State’s Linked Birth- CHARS 

(Comprehensive Hospital Abstract Reporting System) data from the Washington State 

Department of Health. The office of Health Analytics is a division Oregon’s public health 
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department that has the responsibility of collating birth and infant death information and 

other vital records across the state (OHA, 2015a). The Washington State department of 

health provides the Linked Birth-CHARS data files which are birth statistics files linked 

with the mother and infant’s hospital discharge records (DOH, 2015). In addition to being 

a rich source of maternal demographic information and history of morbidities, birth 

certificates also contain important PNC information such as the number of PNC visits and 

the timing of PNC initiation. Data from 2008 to 2013 from both states were analyzed in 

this study. 

3.4.1 Data Management 

The first goal of data management was to create an analytical data file by 

combining observations from Oregon and Washington and for all years from 2008 to 2013.  

All raw data files from each state were obtained as separate yearly data sets and so each 

state’s data were first appended into one large data file across years. This was followed by 

cleaning and/or creating variables on interest, renaming and releveling variables to be 

consistent between the two states, and then appending Oregon data to Washington data for 

one final master data file.  

PNC utilization variables: The total number of PNC visits was available in both 

Oregon and Washington data sets.  Both data sets also contained the date of last normal 

menses and the date of the first prenatal visit. For each of these variables, the Oregon data 

file contained information on the day, month, and year, while the Washington data file 

only contained the month and year. Due to this discrepancy, number of months (rather than 

number of weeks which is more precise) from last normal menses was used to create the 

variable for early PNC initiation. Women whose date of first PNC visit fell within the first 
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three months were assigned a ‘1’ and those with a later first PNC visit were assigned a ‘0’ 

for this variable. This information was combined with the variable with the number of 

PNC visits to create another variable for PNC adequacy. Women with a ‘1’ on early PNC 

initiation who also had at nine of more total PNC visits were assigned a ‘1’ for PNC 

adequacy and all other women were assigned a ‘0’ for PNC adequacy. 

Age: Both data files contained maternal age in years. For the present analysis age 

was captured as a dichotomous variable for advanced maternal age, which equaled ‘1’ for 

women 35 years or older and ‘0’ for women less than 35 years.  

Race/ethnicity: Both data files had a flag for Hispanic ethnicity and several 

variables indicating race. For the present analysis, all women with the Hispanic flag were 

categorized as ‘Hispanic’ irrespective of race. For all other women without the Hispanic 

flag, the following racial/ethnic categories were assigned: White, Black, Asian, Alaska 

Native/American Indian (AN/AI), and Other. The Asian category included women who 

indicated any of the following races: Asian Indian, Chinese, Filipino, Japanese, Korean, 

Vietnamese, Other Asian, Native Hawaiian, Guamanian, Samoan, and other Pacific 

Islander.  Women who indicated ‘other race’ and those with ‘unknown race’ were 

categorized as ‘Other’. 

Medicaid: Both data files had a variable for delivery payer. Medicaid coverage 

was captured by a dichotomous variable which equaled ‘1’ for women with Medicaid as 

the delivery payer and ‘0’ for women with private insurance as the delivery payer. 

Education: Whereas the Washington data files had mothers’ education as a 

continuous variable representing the number of years of formal education, the Oregon data 

files categorized mothers’ education into groups corresponding to varying levels of 
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educational attainment. For the current analysis, education was harmonized across the 2 

datasets through creation of a dichotomous variable which equaled ‘1’ for women with at 

least some college education (more than 12 years of education for the Washington 

population) and ‘0’for women with no college education. 

Parity: Both data files had variables for parity. Parity was captured as a 

dichotomous variable which equaled ‘1’ for first pregnancies and ‘0’ otherwise. 

Marital Status: Both data files also had a variable for marital status and this was 

captured as a dichotomous variable which equaled ‘1’ for married women and ‘0’ for 

unmarried women. 

Smoking: The Oregon data file had one question on tobacco use and several other 

variables describing the quality of cigarettes smoked. The Washington data file had a 

single variable for smoking during pregnancy. For the present analysis smoking was 

captured as a dichotomous variable which equaled ‘1’ for women who indicated that they 

used tobacco in Oregon and women who indicated that they smoked during pregnancy in 

Washington. Other women were coded ‘0’. 

Provider type: Both data files had a variable for the attendant at birth. This was 

captured using four categorical variables representing physician, certified nurse midwife 

(CNM), direct-entry midwife, and other.  

Previous preterm birth: Both data files contained variables for previous preterm 

and this was coded as ‘1’ for women with a previous preterm delivery and ‘0’ otherwise. 

Chronic/gestational diabetes: The Washington data file had one variable for 

diabetes while the Oregon data file had separate variables for chronic and gestational 
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diabetes. Women with any of these conditions were coded as ‘1’ and women without any 

of these conditions were coded as ‘0’. 

Chronic hypertension: Both data files had information on chronic hypertension 

and women with these conditions were coded as ‘1’ and women without this condition 

were coded as ‘0’. 

County: Both data files had FIPS codes for the county of birth. A unique number 

was assigned to each county such that no two counties had the same number even if they 

were in different states.  

Following this variable cleaning/creation process, variable names where changed so 

that they were the same in each data file. Data files for each year were appended for each 

state and then the data files for each state were merged using the unique person identifier 

variable to create one large analytical data set. 

3.4.2 Exclusion criteria 

July to December 2012 was considered a transition period and births during this 

period were excluded from the analyses (births during this period were included in 

sensitivity analyses). Observations that were missing information on PNC utilization and 

births not covered by Medicaid or private insurance (or missing payer information) were 

also excluded from the analyses. Finally, because Oregon  Medicaid only started covering 

home births in 2014 and CCO’s still do not provide home birth services (Christopher, 

2014), observations where the birth certificate indicted that the home was the intended 

place of birth were excluded for both Oregon and Washington. 

3.4.3 Analytical sample  
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There were 749,792 births in Oregon and Washington from 2008 to 2013. Of these 

births, 62,254 (8.3%) fell within the transition period, 83,681 (11.2%) were missing 

information on timing of PNC initiation, and 43,573 (5.8%) were missing information on 

number of PNC visits. There were 50,927 births (6.8%) not covered by Medicaid or private 

insurance, and 6,240 births (0.8%) were births with ‘home’ as the intended place of 

delivery. 

Following exclusions of observations meeting exclusion criteria and observations 

with missing information, the final analytical sample comprised 554,936 births in Oregon 

and Washington during the study period. 39.8% of the births (n=220,678) occurred in 

Oregon and 60.2% of the births (n=334,258) occurred in Washington.  In Oregon 44.7% of 

births (n=98,553) were to women on Medicaid and 55.3% of births (n=122,125) were to 

women with private insurance. Similarly, in Washington, 43.3% of births (n=144,825) 

were to women on Medicaid and 56.7% of births (n=189,433) were to women with private 

insurance. 

Research Questions 1a, 1b and 1c: The analytical sample was restricted to Medicaid 

births in Oregon (treatment group; CCO) and Washington (control group).  

Research Questions 1d: The analytical sample was also restricted to Medicaid births in 

Oregon (treatment group; CCO) and Washington (control group). However these analyses 

were stratified by racial/ethnic group, i.e. White, Hispanic and Black. 

3.4.4 Missing data 

The data were analyzed for missing information on the primary outcome variables. 

Overall, 5.8% of the observations were missing information on number of PNC visits and 

11.2% were missing information on timing of PNC initiation. Further analyses showed that 
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these observations were not missing at random (Appendix C). For both timing of PNC 

initiation and frequency of PNC visits, the odds of missing data was lower for Oregon 

compared to Washington births, and lower in the post-CCO period compared to the pre-

CCO period. Timing of PNC initiation was more likely to be missing for Medicaid births 

(relative to privately insured births) in frequency of PNC visits was less likely to be 

missing in Medicaid births relative to privately insured. The Washington data file was 

missing ‘provider type’ for almost 80% of observations. Therefore, this variable was 

excluded in the multivariable analyses.   

 

3.5 Results 

3.5.1 Summary statistics 

Maternal characteristics of Women on Medicaid in Oregon and Washington: Generally 

maternal characteristics remained stable from the pre-policy to the post-policy period for 

women in Medicaid in both Oregon and Washington (Table 3.2). A notable exception to 

this pattern was the proportion of women with more than 12 years of education which 

changed in both states. The proportion of women with more than 12 years of education 

increased from 32.6% to 38.5% (p value<0.001) for women on Medicaid and in Oregon, 

and from 32.1% to 38.0% (p value<0.001) for women on Medicaid in Washington.  

Early PNC initiation: In Oregon, for women on Medicaid, the rate of early PNC initiation 

changed from 73.1% in the pre-policy period to 77.4% in the post-policy period (p <0.001; 

Table 3.2). In Washington, the rate of early PNC initiation changed from 71.7% to 73.7% 

for women on Medicaid (p<0.001). 
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PNC Adequacy: PNC adequacy was also higher in Oregon compared to Washington for 

both time periods.  In Oregon, PNC adequacy increased from 65.9% in the pre-policy 

period to 70.5% (p<.001; Table 3.2) in the post policy period for women on Medicaid. In 

Washington, PNC adequacy increased from 58.5% to 62.2% for women on Medicaid 

(p<.001; Table 3.2). 

3.5.2 Effect of CCO implementation on early PNC initiation and PNC adequacy 

(RQ1a and RQ1b)  

CCO implementation had a significant positive effect on the probability of early 

PNC initiation. In the unadjusted model (model 1; Table 3.3), the net effect of CCO 

implementation on early PNC initiation, represented by the coefficient of the interaction 

between state and time (CCO*Post), was a 2.3 percentage points increase (p<0.001). The 

effect remained positive and significant following adjustment for covariates, linear time 

trend, and county fixed effects (model 2; 1.7 percentage points; p <0.001). 

There was no detected effect of CCO implementation on PNC adequacy in these 

models (Table 3.3). The estimate for the net effect of CCO implementation on PNC 

adequacy was 0.9 percentage points (p=.076) in the unadjusted model and 0.02 percentage 

points (p=.967) in the adjusted model (model 2). 

The probabilities of early PNC initiation and PNC adequacy were lower for women 

35 years or older, women of minority racial/ethnic groups, and women who reported 

smoking (Table 3.3). Having more than 12 years of education, being married, and having 

diabetes or chronic hypertension were associated with higher probabilities of early PNC 

initiation and PNC adequacy (Table 3.3). 
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3.5.3 Time trend of CCOs implementation effect on early PNC initiation and PNC 

adequacy (RQ1c) 

 The effect of CCO implementation on the probability of early PNC utilization was 

constant over the post-CCO period (-0.09 percentage points per month; p=.130) and 

accounting for this trend did not change the magnitude and direction of the overall CCO 

effect on early PNC utilization (Table 3.4). For PNC adequacy, there was a negative trend 

in the effect of CCO implementation over time in the post-CCO period (-0.2 percentage 

points per month, p=.013) and the overall effect of CCO implementation on PNC adequacy 

remained insignificant (Table 3.4). 

3.5.4 Effect of CCO implementation on early PNC initiation and PNC adequacy by 

racial/ethnic group 

The effect of CCO implementation on PNC utilization differed across racial/ethnic 

subgroups of women. In the adjusted models, CCO implementation had a positive effect on 

early PNC initiation (2.94 percentage points; p<.001) and PNC adequacy (1.4 percentage 

points; p=.046) among white women (Table 3.5), no effect on early PNC initiation (0.4 

percentage points; p=675) and a negative effect on PNC adequacy (-2.2 percentage points; 

p=.017) among Hispanic women (Table 3.6), and no effect on either early PNC initiation 

(1.1 percentage points; p=.648) or PNC adequacy (2.2 percentage points; p=.371) among 

Black women (Table 3.7). 

 For all racial/ethnic categories, the probability of early PNC initiation was higher 

among women with more than 12 years education and among women who were diabetic or 

hypertensive. Being 35 years or older and smoking were associated with lower 

probabilities of early PNC initiation and PNC adequacy for all racial/ethnic categories. 
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Being married was protective among White and Hispanic women, but was associated with 

lower probabilities of early PNC initiation and PNC adequacy among Black women 

(Tables 3.5, 3.6 and 3.7).    

3.5.5 Test for validity of linear probability models and OLS assumptions 

The direction and significance of the DID coefficients in all the adjusted models were the 

same for the linear probability and logistic regression models (Appendix D). The 

unadjusted models followed the same pattern with the exception of the unadjusted model 

for PNC adequacy (RQ1b) where the direction was the same but the significance differed. 

The linear probability estimate was 0.9 percentage points (p=.076) and the odds ratio was 

1.1 (confidence interval 1.01-1.11). For all models, at least 98% of the predicted 

probabilities of early PNC initiation and PNC adequacy fell within the 0 – 1 range 

(Appendix E) and there was no evidence of multicollinearity between the outcomes and 

any of the regressors (Appendix F). 

 

3.5.6 Sensitivity Analyses  

A series of sensitivity analyses were carried out to test the robustness of the 

findings. The first sensitivity analysis (sensitivity 1) sought to test the robustness of the 

findings by assuming a quadratic time trend in the probability of early PNC initiation and 

PNC adequacy (rather than a linear trend which was assumed in the main analysis). For 

this test a variable representing the squared value for the month of delivery was added to 

the adjusted models. 
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PNCist= β0  + β1CCOs + β2Postt + β3(CCOs*Postt)+ + X’ist  + Cc + Tt + Tt
2 

+ 

e………….(4) 

 

Where T
2 

captures the quadratic time trend equals ‘1’ for the deliveries in month 1 and ‘4’ 

for deliveries in month 2, and so on. 

Examination of time trends in early PNC initiation and PNC adequacy revealed that 

from 2008 to 2010, time trends were similar between Oregon and Washington Medicaid 

populations (Figures 3.2 and 3.3). Between 2010 and 2012, however there was a 

divergence in time trend and a steeper slope for the Oregon Medicaid group compared to 

the Washington Medicaid group. Thus, the second sensitivity analysis (sensitivity 2) 

sought to test the robustness of the results under the assumption that the aggregate pre-

CCO trend was the same for all groups. This was tested by defining a different trend 

variable that equaled ‘1’ for observations between January 2010 to December 2012, and 

equaled ‘0’ for all other observations.       

 

PNCist= β0  + β1CCOs + β2Postt + β3(CCOs*Postt)+ + X’ist  + Cc + Tt + Tt 
pre 

+ 

e………….(5) 

 

Where T
pre

 equals ‘1’ for deliveries between January 2010 to December 2012, and equals 

‘0’ for deliveries at other time periods. 

 In the third sensitivity analysis (sensitivity 3), observations from the pre-CCO 

period were included in the analytical dataset. In this test, the post-CCO period was 

essentially redefined to include observations from July 2012 till December 2013. The aim 
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of this analysis was to further test the assumption that effects of CCO implementation on 

PNC quality measures would increase over time. In that case, an attenuation of the effects 

found in the main analysis would be expected given that observations from the period 

when CCOs were even less likely to be fully operational (the transition period) are now 

being included in the post-policy period.  

 In the final sensitivity test (sensitivity 4), the standard errors were adjusted for 

clustering of errors within counties. 

Sensitivity analyses results 

Table 3.8 provides a summary of the results of the four sensitivity analyses for 

research questions 1a, 1b and 1c. The positive effect of CCO implementation on early PNC 

initiation was robust under the assumption of a quadratic time trend (sensitivity 1), and 

group-specific pre-CCO linear time trends (sensitivity 2). The magnitude of the effect was 

essentially the same (1.7 to 1.8 percentage points) following the inclusion of observations 

from the transitional period (sensitivity 3). The effect of CCO implementation on early 

PNC initiation was no longer significant after adjusting the standard errors for clustering 

by county (sensitivity 4; 1.7 percentage points; p=.091). The null effect of CCO 

implementation on PNC adequacy did not change for any of the four sensitivity tests. 

The absence of a time trend in CCO effect on early PNC initiation over time in the 

post-CCO period was robust to all sensitivity analyses except when observations from the 

transitional period were included (sensitivity 3) where this effect was significantly negative 

(-0.2 percentage points per month; p<.001). The positive time trend in CCO effect on PNC 

adequacy lost significance in all the sensitivity analyses except ‘sensitivity 3’. 
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Most findings for the effect of CCO implementation on early PNC initiation and 

PNC adequacy within each racial/ethnic group remained the same following the four 

sensitivity tests (Table 3.9). The exceptions were that the effect of CCO implementation on 

PNC adequacy among Whites and Hispanics were no longer significant following 

‘sensitivity 3’ and ‘sensitivity 4’. 

 

3.6 Discussion 

CCO implementation in Oregon essentially provided a natural experiment to study 

the impact of health delivery and payment reform on quality of care. This study focused on 

the impact of CCO implementation on a measure of PNC quality - first trimester PNC 

initiation - and on PNC adequacy (defined as initiating PNC within the first trimester of 

pregnancy and having nine or more PNC visits). 

In this study, CCOs were found to be effective in increasing the probability of early 

PNC initiation, mainly among White women. It is likely that CCOs actively worked on 

improving this incentivized quality metric as CCOs were equipped with a variety of 

strategies including offering incentives to providers and / or members, proactively reaching 

out to women of child-bearing age within their communities, and utilizing partnerships 

with community-based organizations involved in caring for pregnant women. This is the 

first study, to my knowledge that has evaluated ACO-type health organizations with 

regards to PNC utilization. In this study, the estimates of net CCO effects were modest 

(approximately 2-3% in magnitude). These estimates are similar to those obtained in other 

studies on the short-term impact of ACOs (E.g. the AQC (Song et al., 2012)). Other studies 

have focused on the effect of ACOs in other health delivery domains and have also found 
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ACOs to be effective in improving quality of care in areas like pediatrics (Kelleher et al., 

2015) and adult preventive care (Song et al., 2012).  

CCO implementation did not increase the probability of early PNC initiation 

among Hispanic or Black women – an important finding given that these women started 

with lower PNC utilization rates to begin with. Also in Oregon, minority women are 

concentrated in ‘urban’ areas where there is a greater supply of providers and access to 

care is probably less problematic, compared to more rural areas. This also suggests a 

variation in the proportion of minority women being served by CCOs since CCOs are 

defined by geography. Further investigation into individual CCOs, and the strategies that 

they adopted to increase awareness and promote enrollment, may provide more insight 

regarding the differential effect of CCOs by race/ethnicity. Other studies have also found a 

differential effect of health system changes on PNC by race/ethnicity (Currie & Grogger, 

2002) and that the location of minority women in large urban centers does not necessarily 

translate into improved access to prenatal care (Adams, Gavin, & Benedict, 2005).  

The fact that CCO implementation did not improve PNC adequacy among Oregon 

Medicaid beneficiaries, even among White women who had experienced an improvement 

in early PNC initiation, provides further evidence that the effect observed for early PNC 

initiation is attributable to CCO implementation. This is because whereas increasing the 

proportion of women with early PNC initiation was an incentivized quality metric, PNC 

adequacy was neither reported, measured, or incentivized. Postnatal care is another 

obstetric service which is reported but not incentivized. According to the 2013 Oregon 

Health Transformation Report, the proportion of women who received a postpartum care 

visit on or within 21 and 56 days of delivery fell from 40% in 2011 to 33% in 2013 (OHA, 
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2014a). This suggests that although CCOs may have been proactive in reaching out to 

eligible pregnant enrollees, they may not have invested comparable efforts in keeping 

women engaged with the system during or after pregnancy. There is also a similar finding 

from the AQC ACOs in Massachusetts where providers reported responding to pediatric 

quality measures which were included in the quality metrics and incentivized (Chien et al., 

2015), even though the AQC was primarily focused on adult heath. This shows that 

outcomes that are not incentivized could suffer even as other quality measures improve. 

The effect of CCO implementation was stable over the duration of the post CCO 

period. This could be as a result of the relatively short time period studied following CCO 

implementation (January to December 2013). Previous studies on incremental 

improvements in quality measures for ACOs have compared effects by year (Chien et al., 

2014; Song et al., 2014) - rather than by month as was done in this study. Given that the 

CCO benchmarks for quality measures are usually revised each year, continuous 

monitoring CCO performance in the coming years will be invaluable in increasing our 

understanding of CCO behavior.   

The results of significant associations between the outcomes studied and several of 

the covariates controlled for in the model are consistent with previous studies. For example 

having a college education is positively associated with adequate PNC utilization 

(Zozzaro-Smith et al., 2016) and low educational level is associated with inadequate PNC 

utilization (Feijen-de Jong et al., 2012). Even among migrant women who as a population 

are considered at risk for poor PNC utilization, having less than 5 years of education was 

still associated with inadequate PNC (M. Heaman et al., 2013). Being married has also 

been shown to be protective with regards to adequate PNC utilization (Feijen-de Jong et 
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al., 2012; M. Heaman et al., 2013). First trimester PNC initiation and PNC adequacy were 

also consistently and negatively associated with smoking during pregnancy. This is 

consistent with findings from previous population-level studies in the US (Feijen-de Jong 

et al., 2012) and Canada (Debessai et al., 2016; Erickson & Arbour, 2012). 

In summary, CCO implementation increased the probability of early PNC initiation 

among White women, but had no effect on PNC adequacy for White, Hispanic or Black 

women. These findings have significant implications on the selection of incentivized 

quality measures, and the potential of population interventions to worsen disparities, even 

when they are effective.  

3.7 Limitations 

Administrative data are of variable reliability and accuracy (Bodnar et al., 2014; 

Lain et al., 2012) and are not collected primarily for research purposes. Data quality could 

also vary by state and hospital (Martin, Wilson, et al., 2013). Previous studies have 

compared data from birth records to medical charts to ascertain validity, sensitivity or 

specificity. Reliability of information on the birth certificate regarding the timing of PNC 

information has been shown to be substantial (DiGiuseppe, Aron, Ranbom, Harper, & 

Rosenthal, 2002) or moderate (Zollinger, Przybylski, & Gamache, 2006). Demographic 

information such as race/ethnicity and type of insurance generally have good to excellent 

validity (Braveman, Pearl, Egerter, Marchi, & Williams, 1998).  Missing data is another 

common challenge when using vital records. In this analysis, approximately 11% of the 

total records were missing information on the timing of PNC initiation. Further analyses 

showed that these observations were not missing at random. Information on timing of PNC 

initiation were more likely to be missing for Washington compared to Oregon births, the 
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post-CCO compared to the pre-CCO period, and for privately insured women compared to 

women on Medicaid. However, estimates of first trimester initiation in this study mostly 

fell within the confidence intervals for estimates from Pregnancy Risk Assessment 

Monitoring System (PRAMS) survey data (CDC, 2015). In spite of their limitations, birth 

certificate data remain a crucial - and sometimes the only - source of population-level data 

for observational research in maternal/child health (Bodnar et al., 2014).  

Payer information on the birth certificate is self-reported and is based on 

expectation of payment and not actual payment (Markus et al., 2013). However, the overall 

distribution of Medicaid-covered and privately-insured births observed in this study is 

within the rage that has been previously reported for Oregon and Washington (KFF, 

2016c; Ranji & Salganicoff, 2009). Also it is assumed in this study that the payer for the 

delivery is also the payer for PNC. While this assumption is expected to hold true for the 

vast majority of births, it is possible that there are women who switch payers from private 

insurance to Medicaid (and vice versa) in the course of their pregnancies. This study also 

assumes that all women covered by Medicaid received PNC from a CCO. However, CCOs 

currently provide care for about 90% of Oregon Medicaid beneficiaries and presenting for 

Medicaid enrollment in the third trimester of pregnancy is one of the reasons why a 

Medicaid enrollee may not be under in a CCO.  

Maternal morbidity in this study is defined by the presence of chronic or gestational 

diabetes as well as chronic hypertension. It is known that that there are other clinical 

conditions that could influence PNC utilization (such as maternal mental health, asthma, or 

HIV) (Bell & Seng, 2013).  Diabetes and hypertension, however, represent the most 

common major comorbidities associated with pregnancy (Korst et al., 2014). It is also 
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assumed that the Medicaid programs in Oregon and Washington only differed with regards 

to CCO implementation. Although both states have similar demographic and cultural 

profiles, there could still be differences that were not accounted for in this study.  Finally, 

due to data limitations there were some potential confounding variables such as religiosity, 

attitudes towards pregnancy and PNC, and the type of provider, that were not included in 

the analysis.  

In spite of these limitations, the robustness of the empirical approach adopted by 

this study and the subsequent sensitivity analyses, strongly suggest that the estimated 

change in early PNC initiation can be attributed to CCO implementation.   
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Figure 3.1: Conceptual Framework for factors associated with PNC utilization 
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Table 3.1: Comparison of prenatal care adequacy indices 

 
Source: Alexander, G.I. & Kotelchuck, M. (1996). Quantifying the Adequacy of Prenatal 

Care: A comparison of indices. Public Health Rep, 111(5), 408-418; discussion 419 
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Table 3.2: Maternal Characteristics of Medicaid beneficiaries in Oregon and Washington 

before and after CCO implementation  
 Oregon Washington 

 Overall  

n=98,55

3 

Pre-

CCO 

n=81,21

8 

Post-

CCO 

n=17,33

5 

∞ π 
P-

valu

e 

Overall 

n=145,59

8 

Pre-CCO 

n=106,01

9    

Post-

CCO 

n=39,57

9 

∞ π
P-

valu

e 

Average# of PNC
1
 

visits ±SD 

11.5±3.8 11.4±3.8 11.7±3.9 .000 10.5±3.9 10.4 ± 3.9 10.8 ± 

4.0 

.000 

Early PNC
1
 initiation 

(%) 

73.8 73.1 77.4 .000 72.1 71.7 73.7 .000 

PNC Adequacy (%) 66.8 65.9 70.5 .000 59.2 58.5 62.2 .000 

Age    .000    .000 

 Average 

±SD 

25.8±5.8 25.6 ± 

5.7 

26.5±5.8 .000 26.0±5.9 25.9 ± 5.9 26.7 ± 

5.8 

.000 

 ≥ 35 years 

(%) 

8.7 8.3 10.4 .000 9.5 9.2 10.9 .000 

Race/Ethnicity         

 White (%) 55.9 55.8 56.4 .119 45.9 45.7 46.8 .002 

 Black (%) 3.6 3.6 3.5 .643 6.3 5.9 7.9 .000 

 Hispanic 

(%) 

32.2 32.5 31.0 .000 34.7 35.3 31.9 .000 

 Asian (%) 3.6 3.5 4.2 .000 7.3 7.2 8.1 .000 

 AI/AN
2
 (%) 3.5 3.4 3.6 .422 4.2 4.2 4.0 .226 

 Other (%) 1.3 1.2 1.4  1.6 1.7 1.3  

Education (>12 

years; %) 

33.6 32.6 38.5 .000 33.2 32.1 38.0 .000 

Nulliparous (%) 37.4 37.9 34.7 .000 29.5 30.1 26.6 .000 

Married (%) 41.3 41.1 42.1 .023 42.4 42.4 42.2 .523 

Smoking (%) 21.9 22.2 20.8 .000 15.2 15.3 14.9 .104 

Provider type
δ
         

 Physician 

(%) 

81.3 81.3 81.4 .863 82.1 80.8 87.1 .000 

 CNM
3
 (%) 17.6 17.6 17.6 .839 14.2 15.1 11.0 .000 

 Midwife* 

(%) 

0.5 0.6 0.4 .004 0.2 0.1 0.4 .000 

 Other (%) 0.6 0.6 0.6 .399 3.5 4.0 1.4 .000 

Previous preterm 3.8 3.7 4.6 .000 3.2 2.9 4.2 .000 

Diabetes** 7.4 7.0 9.4 .000 7.0 6.8 8.3 .000 

Hypertension*** 1.5 1.4 1.6 .082 1.2 1.1 1.4 .000 
1
PNC: Prenatal care; 

2
AI/AN: American Indian/Alaska Native; 

3
CNM: Certified Nurse Midwife; 

*direct-entry midwife;  **Chronic or gestational diabetes;   ***Chronic hypertension  
∞ 

p value rounded to three decimal places 
π
Chi square analyses comparing pre-CCO to post-CCO rates within each state.  

Analytical sample comprises all women in Oregon and Washington covered by Medicaid from 

2008 – 2013 excluding observations in the transition period (June – December 2012), observations 

missing PNC utilization information, and intended home births. 
δ 
Provider type was missing for about 80% of the Washington data file. This variable was excluded 

in the multivariable analyses. 
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Table 3.3: Linear probability model results for the effect of CCO implementation on 

probabilities of early PNC
1
 Initiation and PNC

1
 adequacy  

      

  Early PNC
1
 

Initiation 

β [% points] 

P value
∞
 PNC

1
 Adequacy  

β [% points] 

P value
∞
 

*Model 1 CCO 1.36 .000 7.37 .000 

n=243,926 Post 1.94 .000 3.72 .000 

 CCO*Post  2.30 .000 0.90 .076 

      

      

**Model 2 CCO -7.49 .000 -2.84 .207 

n= 237,269 Post -4.40 .000 -5.14 .000 

 CCO*Post  1.66 .000 0.02 .967 

      

 Age -1.53 .000 -1.65 .000 

 Education 4.50 .000 5.35 .000 

 Black  -1.50 .001 -2.92 .000 

 Hispanic -0.45 .059 -1.44 .000 

 Asian -8.92 .000 -10.20 .000 

 AI/AN
2
 -5.52 .000 -7.84 .000 

 Multiracial -6.96 .000 -8.81 .000 

 Nulliparous -0.59 .003 1.19 .000 

 Married 2.74 .000 3.26 .000 

 Smoking -1.97 .000 -3.21 .000 

 Previous 

preterm 

0.51 .301 -2.58 .000 

 Diabetes  2.28 .000 5.18 .000 

 Hypertension 5.48 .000 6.68 .000 
1
PNC: prenatal care; 2AI/AN: American Indian/Alaska Native  

∞ 
p value rounded to three decimal places 

*Model 1: Unadjusted model 

**Model 2: Model adjusting for linear time trend (continuous variable representing 

month), county fixed effects, and individual covariates [maternal age (<35 versus ≥35years 

old), race/ethnicity, education (≤ 12 years versus >12 years of formal education), parity 

(nulliparous versus multiparous), marital status, smoking, previous preterm birth, diabetes 

(chronic or gestational) and chronic hypertension]. 

Analytical sample comprises women in Oregon and Washington covered by Medicaid 

from 2008 – 2013 excluding observations in the transition period (June – December 2012), 

observations missing PNC utilization information, and intended home births. 
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Table 3.4: Linear probability model results for time trend of the effects of CCO 

implementation on probabilities of early PNC Initiation and PNC adequacy 
      

  Early 
1
PNC 

Initiation 

β [% points] 

∞
P value 

1
PNC Adequacy  

β [% points] 

∞
P value 

*Model 2 CCO -7.50 .000 -2.86 .204 

(n= 237,269) Post -3.83 .000 -4.11 .000 

 CCO*Post  1.66 .000 0.02 .963 

      

 CCO time 

trend 

-0.09 .130 -0.17 .013 

      

 Age -1.53 .000 -1.66 .000 

 Education 4.50 .000 5.34 .000 

 Black  -1.50 .001 -2.92 .000 

 Hispanic -0.44 .060 -1.44 .000 

 Asian -8.92 .000 -10.20 .000 

 
2
AI/AN -5.52 .000 -7.84 .000 

 Multiracial -6.96 .000 -8.81 .000 

 Nulliparous -0.59 .003 1.19 .000 

 Married 2.74 .000 3.26 .000 

 Smoking -1.97 .000 -3.21 .000 

 Previous 

preterm 

0.52 .300 -2.57 .000 

 Diabetes  2.28 .000 5.18 .000 

 Hypertensio

n 

5.48 .000 6.68 .000 

      

      
1PNC: prenatal; 

2
AI/AN: American Indian/Alaska Native;  

∞ 
p value rounded to three decimal places 

*Model 2: Model adjusting for linear time trend (continuous variable representing month), 

county fixed effects, and individual  covariates [maternal age (<35 versus ≥35years old), 

race/ethnicity, insurance type (Medicaid versus private insurance; for the race/ethnicity 

disparities question), education (≤ 12 years versus >12 years of formal education), parity 

(nulliparous versus multiparous), marital status, smoking, previous preterm birth, diabetes 

(chronic or gestational) and chronic hypertension]. 

Analytical sample comprises women in Oregon and Washington covered by Medicaid 

from 2008 – 2013 excluding observations in the transition period (June – December 2012), 

observations missing PNC utilization information, and intended home births. 
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Table 3.5: Linear probability model results for the effect of CCO implementation on 

probabilities of early PNC Initiation and PNC adequacy among White women 
      

  Early 
1
PNC 

Initiation 

β [% points] 

∞
P value 

1
PNC Adequacy  

β [% points] 

∞
P value 

*Model 1 CCO 0.79 .004 6.07 .000 

(n=121,600) Post 0.80 .065 2.31 .000 

 CCO*Post  3.47 .000 2.14 .002 

      

      

**Model 2 CCO -11.97 .000 -6.89 .007 

(n= 118,813) Post -5.20 .000 -5.93 .000 

 CCO*Post  2.94 .000 1.39 .046 

      

 Age -3.92 .000 -4.41 .000 

 Education 4.72 .000 5.42 .000 

 Nulliparous 0.14 .610 1.75 .000 

 Married 1.54 .000 2.18 .000 

 Smoking -2.16 .000 -3.64 .000 

 Previous 

preterm 

1.60 .018 -1.59 .037 

 Diabetes  2.24 .000 4.32 .000 

 Hypertension 5.38 .000 7.01 .000 
1PNC: prenatal care  
∞ 

p value rounded to three decimal places 

*Model 1: Unadjusted model 

**Model 2: Model adjusting for linear time trend (continuous variable representing 

month), county fixed effects, and individual covariates [maternal age (<35 versus ≥35years 

old), education (≤ 12 years versus >12 years of formal education), parity (nulliparous 

versus multiparous), marital status, smoking, previous preterm birth, diabetes (chronic or 

gestational) and chronic hypertension]. 

Analytical sample comprises White women in Oregon and Washington covered by 

Medicaid from 2008 – 2013 excluding observations in the transition period (June – 

December 2012), observations missing PNC utilization information, and intended home 

births. 
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Table 3.6: Linear probability model results for the effect of CCO implementation on 

probabilities of early PNC Initiation and PNC adequacy among Hispanic women 
      

  Early 
1
PNC 

Initiation 

β [% points] 

∞
P value 

1
PNC Adequacy  

β [% points] 

∞
P value 

*Model 1 CCO 0.75 .033 7.98 .000 

n= 81,952 Post 3.63 .000 6.43 .000 

 CCO*Post  0.93 .258 -1.32 .141 

      

      

**Model 2 CCO -2.75 .689 -4.72 .557 

n= 79,575 Post -3.46 .000 -4.20 .000 

 CCO*Post  0.35 .675 -2.15 .017 

      

 Age -0.38 .456 -0.38 .489 

 Education 2.97 .000 3.75 .000 

 Nulliparous -2.10 .000 -0.29 .462 

 Married 4.87 .000 5.14 .000 

 Smoking -3.32 .000 -2.97 .002 

 Previous 

preterm 

1.54 .087 -4.15 .000 

 Diabetes  1.99 .000 5.71 .000 

 Hypertension 5.03 .001 6.67 .000 
1PNC: prenatal care  
∞ 

p value rounded to three decimal places 

*Model 1: Unadjusted model 

**Model 2: Model adjusting for linear time trend (continuous variable representing 

month), county fixed effects, and individual covariates [maternal age (<35 versus ≥35years 

old), education (≤ 12 years versus >12 years of formal education), parity (nulliparous 

versus multiparous), marital status, smoking, previous preterm birth, diabetes (chronic or 

gestational) and chronic hypertension]. 

Analytical sample comprises Hispanic women in Oregon and Washington covered by 

Medicaid from 2008 – 2013 excluding observations in the transition period (June – 

December 2012), observations missing PNC utilization information, and intended home 

births. 
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Table 3.7: Linear probability model results for the effect of CCO implementation on 

probabilities of early PNC Initiation and PNC adequacy among Black women 
      

  Early 
1
PNC 

Initiation 

β [% points] 

∞
P value 

1
PNC Adequacy  

β [% points] 

∞
P value 

*Model 1 CCO 1.02 .314 4.37 .000 

n= 12,597 Post 1.24 .278 1.95 .114 

 CCO*Post  2.73 ..231 4.41 .073 

      

      

**Model 2 CCO 13.70 .002 -25.71 .329 

n= 12,243 Post -3.74 .020 -4.-7 .019 

 CCO*Post  1.05 .648 2.22 .371 

      

 Age -2.07 .151 -2.21 .172 

 Education 5.35 .000 5.79 .000 

 Nulliparous -2.16 .021 -0.47 .638 

 Married -2.99 .001 -3.02 .003 

 Smoking -3.37 .007 -5.95 .000 

 Previous 

preterm 

2.57 .214 -3.13 .171 

 Diabetes  2.50 .132 7.70 .000 

 Hypertensio

n 

3.56 .197 5.64 .063 

1PNC: prenatal care  
∞ 

p value rounded to three decimal places 

*Model 1: Unadjusted model 

**Model 2: Model adjusting for linear time trend (continuous variable representing 

month), county fixed effects, and individual covariates [maternal age (<35 versus ≥35years 

old), education (≤ 12 years versus >12 years of formal education), parity (nulliparous 

versus multiparous), marital status, smoking, previous preterm birth, diabetes (chronic or 

gestational) and chronic hypertension]. 

Analytical sample comprises Black women in Oregon and Washington covered by 

Medicaid from 2008 – 2013 excluding observations in the transition period (June – 

December 2012), observations missing PNC utilization information, and intended home 

births. 

  



103 

 

Table 3.8: Sensitivity Analyses for effect of CCO on early PNC initiation and PNC 

adequacy and for time trend of CCO implementation 

       

  Estimate Early 
1
PNC 

Initiation 

β [%points] 

∞
P value 

β [%points] 

1
PNC 

Adequacy  

(β) 

∞
P 

value 

Research 

question 
a
1a & 

b
1b 

*Model 2 

(Main analysis) 

CCO*Post 1.66 .000 0.02 .967 

 
1
Sensitivity 1 CCO*Post 1.66 .000 0.02 .969 

 
2
Sensitivity 2 CCO*Post 1.66 .000 0.02 .963 

 
3
Sensitivity 3 CCO*Post 1.78 .000 0.43 .317 

 
4
Sensitivity 4 CCO*Post 1.66 .091 .02 .990 

       

Research 

question 
c
1c 

Model 2 

(main analysis) 

CCO_trend -0.09 .130 -0.17 .013 

 
1
Sensitivity 1 CCO_trend 0.08 .272 0.06 .413 

 
2
Sensitivity 2 CCO_trend -0.08 .222 -0.13 .052 

 
3
Sensitivity 3 CCO_trend -0.15 .000 -0.20 .000 

 
4
Sensitivity 4 CCO_trend -.09 .225 -.17 .140 

1
PNC: prenatal care 

∞ 
p value rounded to three decimal places 

a
 effect of CCO implementation on the probability of early PNC initiation 

b
 effects of CCO implementation on the probability of PNC adequacy 

c
 time trend of CCO effect on early PNC initiation and PNC adequacy 

*Model 2: Model adjusting for linear time trend (continuous variable representing month), 

county fixed effects, and individual covariates [maternal age (<35 versus ≥35years old), 

race/ethnicity (for RQ1a, 1b and 1d), education (≤ 12 years versus >12 years of formal 

education), parity (nulliparous versus multiparous), marital status, smoking, previous 

preterm birth, diabetes (chronic or gestational) and chronic hypertension]. 
1
 Sensitivity 1: Assuming a quadratic time trend in rates if early PNC initiation and PNC 

adequacy 
2 

Sensitivity 2: Assuming the aggregate time trend in the pre-CCO period is the same for 

all groups 
3
 Sensitivity 3: Redefining the post-CCO period to include observations from the 

transitional period (July to December 2012). 
4
 Sensitivity 4: Adjusting errors for clustering by county 

Analytical sample comprises women in Oregon and Washington covered by Medicaid 

from 2008 – 2013 (excluding observations in the transition period for sensitivity 2, 3, and 

5), observations missing PNC utilization information, and intended home births. 
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Table 3.9: Sensitivity Analyses for effect of CCO implementation on early PNC initiation 

and PNC adequacy by race/ethnicity 
       

  **Estimate Early 
1
PNC 

Initiation 

β [%points] 

∞
P value 

β [%points] 

1
PNC 

Adequacy  

(β) 

∞
P 

value 

d
Research 

question 1d 

(White) 

 (main analysis) CCO*Post 2.94 .000 1.39 .046 

 
S1

Sensitivity 1 CCO*Post 2.94 .000 1.39 .046 

 
S2

Sensitivity 2 CCO*Post 2.94 .000 1.41 .044 

 
S3

Sensitivity 3 CCO*Post 2.27 .000 1.02 .083 

 
S4

Sensitivity 4 CCO*Post 2.94 .014 1.39 .462 

       
d
Research 

question 1d 

(Hispanic) 

 

(main analysis) 

CCO*Post 0.35 .675 -2.15 .017 

 
S1

Sensitivity 1 CCO*Post 0.33 .694 -2.18 .016 

 
S2

Sensitivity 2 CCO*Post 0.35 .674 -2.15 .018 

 
S3

Sensitivity 3 CCO*Post 1.33 .056 -.98 .197 

 
S4

Sensitivity 4 CCO*Post 0.35 .818 -2.15 .294 

       
d
Research 

question 1d 

(Black) 

 

 (main analysis) 

CCO*Post 1.05 .648 2.22 .371 

 
S1

Sensitivity 1 CCO*Post 1.13 .624 2.26 .361 

 
S2

Sensitivity 2 CCO*Post 1.06 .647 2.22 .371 

 
S3

Sensitivity 3 CCO*Post 1.84 .345 3.18 .131 

 
S4

Sensitivity 4 CCO*Post 1.05 .661 2.22 .416 
∞ 

p value rounded to three decimal places 
1 PNC: prenatal care 
d effect of CCO implementation on early PNC initiation stratified by race/ethnicity (White, 

Hispanic, and Black) 

** All estimates derived from ‘model 2’ adjusting for linear time trend (continuous 

variable representing month), county fixed effects, and individual covariates [maternal age 

(<35 versus ≥35years old), education (≤ 12 years versus >12 years of formal education), 

parity (nulliparous versus multiparous), marital status, smoking, previous preterm birth, 

diabetes (chronic or gestational) and chronic hypertension]. 
S1 

Sensitivity 1: Assuming a quadratic time trend in rates if early PNC initiation and PNC 

adequacy 
S2

 Sensitivity 2: Assuming the aggregate time trend in the pre-CCO period is the same for 

all groups 
S3 

Sensitivity 3: Redefining the post-CCO period to include observations from the 

transitional period (July to December 2012). 
S4 

Sensitivity 4: Adjusting errors for clustering by county 

Analytical sample comprises women in Oregon and Washington covered by Medicaid 

from 2008 – 2013 (excluding observations in the transition period for sensitivity 2, 3, and 

5), observations missing PNC utilization information, and intended home births. Analytical 

sample is stratified by race/ethnicity for RQ 1c. 
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EFFECT OF CCO IMPLEMENTATION ON DISPARITIES IN PNC 
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4.1 Conceptual framework 

Disparities in the quality of care exist by insurance-type and by race/ethnicity. 

Medicaid populations lag behind privately-insured populations in the quality of care 

generally (Landon et al., 2007), and in the quality of prenatal care specifically (Krieger et 

al., 1992). Similarly people of racial/ethnic minorities lag behind their White counterparts 

in the quality of health care received (Bryant et al., 2010; Salm Ward, Mazul, Ngui, 

Bridgewater, & Harley, 2013). Given that that Medicaid eligibility is primarily determined 

by income, and that socio-economic disadvantage is usually more pronounced among 

racial/ethnic minority populations (relative to Whites), racial/ethnic minorities are typically 

over-represented in Medicaid populations (McAlpine, Beebe, Davern, & Call, 2007; Paul, 

Lehman, Suliman, & Hillemeier, 2008). Targeting Medicaid beneficiaries with initiatives 

aimed at improving healthcare utilization and quality of care can therefore reduce 

insurance-type disparities and possibly racial/ethnic disparities because such initiatives 

provide an opportunity for a disadvantaged group (Medicaid or minorities) to ‘catch up’ 

with the more advantaged groups (Private insurance or White majority). Payment and 

delivery reforms that incentivize quality or care for Medicaid beneficiaries are examples of 

such initiatives.  

For the most part, the same providers supply prenatal care and maternity services 

for both Medicaid-covered women and privately-insured women. Insurance-type 

disparities in access to care and quality of care could be driven by differences between 

Medicaid and private insurance with regards to the availability of providers, individual 

characteristics of covered populations, and the quality of patient-provider relationships.  
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Differences in the availability of providers can be driven by differences in 

reimbursement rates and differences in how provider groups are organized (e.g. 

Independent versus group practices). Medicaid reimbursement rates are generally lower 

than reimbursement from private payers (Sonchak, 2015) and previous studies have shown 

that Medicaid beneficiaries find it more difficult to schedule appointments compared to 

their privately-insured counterparts (Blanchard et al., 2008; Gifford, 1997). In 2011, 

almost a third of physicians were unwilling to accept any Medicaid patients and physicians 

in small group practices were also less likely to accept Medicaid patients (Decker, 2012).  

Individual characteristics associated with poor utilization, such as racial/ethnic 

minority status and lower levels of education, are also more prevalent among Medicaid 

populations given that these characteristics are typically correlated with income. 

Unattractive reimbursement rates from Medicaid and/or individual characteristics of 

Medicaid beneficiaries could influence the quality of patient-provider relationships 

which can in turn influence the quality of care delivered and how much care is utilized. For 

instance, obstetric providers who see more privately-insured patients report spending more 

time on well-woman care (Raglan, Anderson, Lawrence, & Schulkin, 2013) and among 

minority women seeking PNC, communication challenges and poor patient-provider 

communications have been reported (Dahlem et al., 2015; Shaffer, 2002; Tucker Edmonds 

et al., 2015). 

Financial incentives from Medicaid to providers could make providers more likely 

to accept Medicaid beneficiaries and increasing the pool of available providers can 

facilitate access to care for Medicaid beneficiaries. Also, women on Medicaid may have 

more options with regards to availability of providers if they are cared for by a large group 
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of providers that accepts Medicaid. Provider commitment to improving quality for 

Medicaid beneficiaries may however be influenced by how much of the providers’ overall 

patient pool is made up of Medicaid beneficiaries. Medicaid-dominant organizations are 

more likely to provide accommodations for Medicaid beneficiaries and to give priority to 

Medicaid-led quality improvement initiatives (Felt-Lisk & Gold, 2003), particularly when 

they are incentivized.  

The impact of Medicaid-focused initiatives on insurance-type disparities may be 

dampened if these initiatives or their effects ‘spillover’ to the privately-insured population 

because the same providers care for both Medicaid and privately-insured patients for the 

most part, even though the distribution of patients by payer type may vary from provider to 

provider. Another factor that could attenuate the impact of Medicaid initiatives on 

disparities is the presence of other policies or initiatives that target privately-insured 

populations and which can result in an improvement in the outcome(s) of interest. For 

instance, the ACA sought to increase access to PNC for all women by including PNC 

among the essential health benefits for practically all health plans. This provision however, 

is likely to have a greater impact among privately-insured women because PNC was 

already covered by Medicaid at no cost prior to the ACA (Medicaid.gov, 2014). Also, 

Medicaid expansion under the ACA may not significantly affect pregnant women because 

in most states’ Medicaid programs, the eligibility criteria for pregnant women was already 

as generous, or more generous than the ACA provisions for Medicaid expansion (KFF, 

2013a; Ranji & Salganicoff, 2009). On the other hand, it is also possible that some women, 

who qualified for Medicaid but were not enrolled in the pre-ACA era, would go on to 

enroll due to the increased attention that the ACA brought to Medicaid coverage. 
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4.2 Empirical framework 

Global budgets, coupled with pay-for-performance, are an elementary characteristic 

of CCO contracts with the state of Oregon. Specifically, CCOs stand to benefit if they 

improve timely PNC initiation (along with other quality measures) for their members. 

Therefore CCOs could affect disparities in quality of care by insurance-type, and possibly 

disparities by race/ethnicity since Medicaid covers over 40 percent of births in Oregon 

(Markus et al., 2013). CCO contracts with the state give CCOs the ability to directly 

address barriers to timely access (such as transportation) that are common to women of 

socio-economic disadvantage and to offer financial incentives to women to promote timely 

PNC visits. The PCMH model that is an integral element of all CCOs could also favor 

women of socio-economic advantage by providing them with better access such as off-

hour access to providers. Since each CCO comprises several providers in a region all 

receiving one global payment, the number of providers available to Medicaid beneficiaries 

could increase with CCO implementation and this could make more obstetric specialists, 

family physicians, and certified nurse midwives available to pregnant women on Medicaid.  

Providers within CCOs also provide care to privately-insured women under other 

contracts and it is possible that CCO activities could spill-over into the privately-insured 

population. For instance, one of the strategies the state encouraged CCOs to employ was to 

screen for pregnancy intention during routing physical visits for women of child-bearing 

age (OHA, 2014b). It is however unlikely that in practice, providers would only screen 

Medicaid beneficiaries for pregnancy intention. Such spill-over effects could attenuate the 

effect of CCOs on disparities between Medicaid and privately - insured beneficiaries.  
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Although several provisions of the ACA, such as the individual mandate, the 

employer mandate, and premium subsidies, could have increased access to PNC for 

privately-insured women, it is unlikely that these affected the impact of CCOs on PNC 

utilization disparities by 2013 because all these provisions took effect after 2013 (KFF, 

2013b). Outreach efforts by CCOs could also have caused a movement of women who 

qualify for Medicaid but were covered by private insurance to switch to Medicaid and 

enroll in CCOs. This also could potentially dampen the effect CCOs may have on 

disparities in PNC utilization. 

CCOs are not currently being rewarded for reducing disparities but reducing 

disparities in Oregon through CCOs is among the state’s eventual goals (McConnell et al., 

2014). Whereas reducing racial/ethnic disparities may not be a main focus of CCOs at the 

present time, CCOs –particularly those with high minority representation among their 

members - could be impacting such disparities by being culturally competent and inclusive 

(e.g. providing interpretation services or presenting information in English and Spanish), 

and by partnering with community based organizations to more effectively reach out to 

minority groups. Conversely, CCO implementation could also potentially worsen 

racial/ethnic disparities if White women are better positioned to benefit from CCOs either 

because of individual factors like higher educational attainment (relative to minority 

women) or CCO factors such as the lack cultural competency or cultural inclusiveness, or 

not accounting for ethnic diversity while designing and/or implementing strategies to 

improve quality.  

Based on the conceptual framwork and the availability of data within vital records, 

the following empirical model was specified: 



111 

 

DISPARITIES IN PNC UTILIZATION =                                                                                               

Type of insurance (Private insurance versus Medicaid) +                                                   

Provider Organization/Reimbursement (CCO implementation) +                                   

Individual characteristics (maternal age, previous preterm pregnancy, ethnicity, 

education, marital status, parity, hypertension, diabetes, and smoking) 

County fixed effects were also included in the empirical models to capture county 

level characteristics that could be associated with disparities in PNC utilization e.g. 

proportion of medicaid beneficiaries or proportion of racial/ethnic minorities. 

 

4.3 Method 

This was a quasi-experimental retrospective observational study utilizing DID and 

difference-in- differences-in-differences (DIDID) approaches and using vital records from 

2008 to 2013 from Oregon and Washington states. This study was approved by the 

Institutional Review Boards of Oregon Health & Science University and Oregon State 

University (See Appendices A and B). 

4.3.1 Outcome 

For research question 2a (assessing the impact of CCO implementation on 

insurance-type disparities), the primary outcome was the disparity or ‘gap’ in probabilities 

of early PNC utilization and PNC adequacy between Medicaid beneficiaries and privately-

insured women. Early PNC initiation is defined as PNC initiated within the first trimester 

and PNC adequacy is defined as initiating PNC within the first trimester and receiving at 

least nine PNC visits. 
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For research question 2b (assessing the impact of CCO implementation on racial-

ethnic disparities), the primary outcome was the disparity in the probabilities of early PNC 

initiation and PNC adequacy between White and Hispanic women, and between White and 

Black women. 

4.3.2 Exposure 

The main exposure was CCO implementation captured as a function of time. The 

pre-policy period was defined as the period before July 2012 and the post policy period 

was defined as the period after December 2012. June to December 2012 was considered a 

transition period and observations from this period were excluded in the main analyses. 

4.3.3 Estimation strategy 

 For research question 2a (assessing the impact of CCO implementation on 

insurance-type disparities) the difference – in – differences (DID) approach was first 

utilized to estimate the change in insurance-type disparities within each state. In this step, 

separate analyses were conducted for each state and the analytical samples included all 

births to women covered by Medicaid or private insurance for each state. Then a variant of 

the differences-in-differences-in-differences (DIDID) was utilized to obtain the overall 

estimate of CCO implementation on insurance-type disparities. This approach compares 

the change in disparities from the pre-CCO to the post-CCO period between the treatment 

and control groups (Oregon and Washington states). The DIDID estimate is captured by 

including a triple interaction term to the DID equation interacting time with both exposures 

(CCO implementation and insurance type and Post). 

For research question 2b (assessing the impact of CCO implementation on 

insurance-type disparities) DID approach was utilized to estimate the change in 
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racial/ethnic disparities within each state. In this step, separate analyses were conducted for 

each state and the analytical samples were restricted births to White and Hispanic women 

covered by Medicaid or private insurance for each state (for White/Hispanic disparities) 

and births to White and Black women covered by Medicaid or private insurance for each 

state (for White/Black disparities). Then the DIDID approach was then utilized to obtain 

the overall estimate of CCO implementation on White/Hispanic and White/Black 

disparities by including a triple interaction terms (CCO implementation and race/ethnicity 

and Post) to the DID equations. 

Similar to the approach for the first research question described in “section 3.3.4”, 

DID and DIDID estimators were derived by specifying linear probability models. For each 

research question an unadjusted model and an adjusted model controlling for a maternal 

characteristics, time trend, and county fixed effects were specified. The following equation 

represents the empirical model specified for research question 2a 

 

PNCist= β0 + β1OREGONs + β2MEDICAIDi  + β3Postt + β4 (OREGONs*Postt)   + 

β5(OREGONs*MEDICAIDi *Postt)   + X’ist  + Cc + Tt + e…….(1) 

 

Where PNCi represents the probability of early PNC utilization and equals ‘1’ if 

the ith woman initiated PNC within the first trimester and ‘0’ if the ith woman initiated 

PNC after the first trimester. OREGON equals ‘1’ if the ith woman is in Oregon and ‘0’ if 

the ith woman is in Washington and β1 captures the main effect for state. Medicaid equals 

‘1’ if the ith woman is covered by Medicaid and ‘0’ if the ith woman is covered by private 

insurance. Post equals ‘1’ if the ith woman delivered in the post-policy period and ‘0’ if the 
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ith woman delivered in the pre-policy period. Β5 is the DIDID estimate and captures the 

change in the disparity or gap between Medicaid and private insurance from the pre to post 

CCO period for women in Oregon (relative to this change for women in Washington). C 

represents the county fixed effects and T captures the effect of time trend and equals ‘1’ for 

the ith woman delivering in month 1 and ‘2’ for the ith woman delivering in month 2, etc. 

X’ is a vector of maternal characteristics for the ith woman. These included maternal age, 

maternal race/ethnicity, education, marital status, parity, smoking, type of provider, 

chronic/gestational diabetes, chronic hypertension, and previous preterm delivery. The 

final term ‘e’ is the error term. 

The following equations 2 and 3 represent the empirical model specified for research 

question 2a 

PNCist= β0 + β1OREGONs + β2HISPANICi  + β3Postt + β4 (OREGONs*Postt)   +                          

+ β5(OREGONs*HISPANICi*Postt)   + X’ist  + Cc + Tt + e…….(2) 

 

Where HISPANIC equals ‘1’ for Hispanic women and ‘0’ for White women and β7 is the 

estimate of interest and captures the change in the disparity or gap between Hispanic and 

White women from the pre to post CCO period for women in Oregon (relative to the 

change in this gap for women in Washington). In this model X’ did not include 

race/ethnicity but included insurance type. 

PNCi= β0 + β1OREGONs + β2BLACKi  + β3Postt + β4 (OREGONs*Postt)   +                              

β5 (OREGONs*BLACKi*Postt)   + X’ist  + Cc + Tt + e…….(3) 
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Where BLACK equals ‘1’ for Black women and ‘0’ for White women β7 is the estimate of 

interest and captures the change in the disparity or gap between Black and White women 

from the pre to post CCO period for women in Oregon (relative to the change in this gap 

for women in Washington). In this model X’ did not include race/ethnicity but included 

insurance type. 

The validity of linear probability modelling was also tested by comparing the 

direction and statistical inference of DIDID estimates from linear probability models to 

estimates derived from logistic regression models. The proportion of predicted 

probabilities of PNC utilization for all observations that fell outside the 0-1 range was also 

examined. Huber White variance estimators were utilized to correct for heteroscedasticitic 

errors and clustering of errors by county was also investigated in sensitivity analyses. Stata 

statistical package (version 14, StataCorp, College Station, TX) was used for all analyses. 

4.3.4 Data 

Data sources, data management protocol, and exclusion criteria were as described in 

‘section 3.4’. 

 

4.4 Results 

4.4.1 Summary statistics 

Maternal characteristics by Insurance type: In both states, compared to women with 

private insurance, women on Medicaid were younger (average age approximately 26 years 

for Medicaid and 30 years for private insurance in both states, Tables 4.1 and 4.2), less 

likely to be white (55.9% versus 78.1% in Oregon, and 45.9% versus 74.0% in 

Washington), less likely to have more than 12 years of education, less likely to be 
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nulliparous, less likely to be married, and more likely to smoke (21.9% versus 5.7% in 

Oregon, and 15.2% versus 4.4% in Washington). The prevalence of chronic or gestational 

diabetes, and chronic hypertension was comparable among women on Medicaid and 

women with private insurance. On average, women in Oregon had one more PNC visit 

compared to women in Washington. Also on average, in both states, women on Medicaid 

had one less PNC visit compared to women with private insurance. 

In Oregon, for women on Medicaid, the rate of early PNC initiation changed from 

73.1% in the pre-policy period to 77.4% in the post-policy period (p <0.001; Table 3.2). 

For women with private insurance in Oregon, the rate of early PNC initiation was 

relatively stable between the pre-policy and the post-policy periods (90.7% and 90.3% 

respectively; p =.041). In Washington, the rate of early PNC initiation was also lower for 

women on Medicaid compared to women with private insurance (Table 3.3).  Overall rates 

of early PNC initiation were lower in Washington compared to Oregon in both the pre-

policy and post-policy periods. A breakdown of the yearly rate of early PNC initiation in 

Oregon and Washington by year shows a positive trend in early PNC initiation for women 

on Medicaid, and the stable trend for women with private insurance (Figure 3.2). This 

trend pre-dated CCO implementation in 2012.  

A breakdown of the yearly rate of PNC initiation adequacy shows a positive trend for both 

Oregon and Washington Medicaid groups, as well as the privately insured group in 

Washington (Figure 3.3). The trend among the privately-insured group in Oregon was 

relatively stable. 

Maternal characteristics by Race/Ethnicity: In Oregon, 36.6% of white women, 73.1% of 

Hispanic women, and 65.8% of Black women were covered by Medicaid (Table 4.3). 
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Compared to White women, Hispanic and Black women were less likely to have more than 

12 years of education (White 68.2%, Hispanic 24.4%, and Black 49.0%), less likely to be 

nulliparous (White 43.7%, Hispanic 32.4%, and Black 40.4%), and less likely to be 

married (White 68.9%, Hispanic 51.5%, and Black 37.3%). Hispanic women were less 

likely to smoke compared to white women, (White 15.7% and Hispanic 4.3%)but there 

was no significant difference in smoking rates between Black and White women (Black 

14.8%). The prevalence of previous preterm, diabetes and hypertension was higher for 

Hispanic and Black women compared to White women. 

Maternal characteristics of women in Washington closely mirrored the pattern in 

Oregon (Table 4.4). In Washington, 32.2% of White women, 78.4% of Hispanic women, 

and 65.2% of Black women were covered by Medicaid. Hispanic and Black women were 

also less likely to have more than 12 years of education, less likely to be nulliparous, and 

less likely to be married, compared to White women. Compared to White women, 

Hispanic and Black women had lower rates of smoking (White 11.4%, Hispanic 2.9%, and 

Black 9.7%). Diabetes and Hypertension rates were also higher among Hispanic and Black 

women compared to White women in Washington.    

Early PNC initiation among white women increased slightly from the pre-CCO to 

the post-CCO periods in both Oregon and Washington (Table 4.5). PNC initiation among 

white women increased from 85.5% to 86.7% (p<.001) in Oregon and from 83.9% to 

84.8% (p<.001) in Washington. For Hispanic women, early PNC initiation increased from 

75.7% in the pre-CCO period to 79.8% (p<.001) in the post-CCO period. Early PNC 

initiation among Black women increased in Oregon from 74.8% in the pre-CCO period to 

78.1% (p<.05) in the post-CCO period but did not change significantly in Washington 
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(72.9% and 73.5% in the pre-CCO and post-CCO periods respectively). A breakdown of 

rates of early PNC initiation by year in Oregon and Washington (Figures 4.2 and 4.3) 

shows the positive trend in PNC initiation for all racial/ethnic groups and a negative trend 

for Black women in Washington between 2011 and 2013.    

PNC adequacy increased significantly from the pre-CCO to the post-CCO period 

among all racial/ethnic groups in both states with the exception of Black women in 

Washington (Table 4.5). A breakdown of yearly rates of PNC adequacy in Oregon and 

Washington for each racial/ethnic category (Figures 4.4 and 4.5) also shows a positive 

trend within each group and a negative trend for Black women in Washington between 

2011 and 2013. 

4.4.2: Effect of CCO implementation on Insurance-type disparities in early PNC 

initiation and PNC adequacy (RQ2a) 

In Oregon, the disparity in both early PNC initiation and PNC adequacy, between 

women on Medicaid and women with private insurance, significantly reduced from the 

pre-policy to the post-policy period (Table 4.6). The estimate of this reduction for early 

PNC initiation was 4.70% points (p value<0.001) in the unadjusted model, and 4.51% 

points (p value<0.001) in the final model. For PNC adequacy the estimate of the reduction 

was 4.07% points (p<0.001) in the unadjusted model and 3.99% points (p value<0.001) in 

the final model.  

In Washington, the disparity gap in early PNC initiation was reduced by 0.92% 

points (p value =.011) and the disparity gap in PNC adequacy was reduced by 0.99% 

points (p value = 0.017) in the final models (Table 4.7). 
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 Table 4.8 summarizes the results for the linear probability models applied to the 

combined sample of women in Oregon and Washington. CCO implementation was 

associated with a reduction in insurance-type disparities the probabilities of early PNC 

initiation and PNC adequacy. In the final models, the net CCO effect on insurance type 

disparities was 3.57% points (p value<0.001) for early PNC initiation and 2.97% points (p 

value<0.001) for PNC adequacy. 

In these models the probabilities of early PNC utilization and PNC adequacy were 

positively associated with being 35 years or older, having more than 12 years of education, 

being nulliparous, and being diabetic or hypertensive (Tables 4.6 – 4.8). Minority 

race/ethnicity and smoking were consistently associated with a lower probability of early 

PNC initiation and PNC adequacy. In the analysis of insurance-type disparities in 

Washington (Table 4.7) age was not associated with the probability of early PNC initiation 

or the probability of PNC adequacy, and being nulliparous was not associated with early 

PNC adequacy. 

4.4.3 Effect of CCO implementation on White/Hispanic disparities in early PNC 

initiation and PNC adequacy (RQ2bi)  

In Oregon there was a significant reduction in the disparities between White and 

Hispanic women for early PNC initiation and PNC adequacy from the pre-policy to the 

post-policy period (Table 4.9). In Oregon, White/Hispanic disparities in the probability of 

early PNC initiation reduced by 2.81% points while disparities in the probability of PNC 

adequacy reduced by 2.86% points in the final models (p<0.001 for both). 

White/Hispanic disparities in early PNC initiation and PNC adequacy in 

Washington also reduced significantly from the pre-policy to the post-policy periods 



120 

 

(Table 4.10). In the final models, the estimate of this reduction was 2.95% points for early 

PNC initiation, and 3.37% points for PNC adequacy (p value<0.001 for both). 

Table 4.11 summarizes the results for the linear probability models applied to the 

combined sample of White and Hispanic women in Oregon and Washington. CCO 

implementation was not associated with a significant change in White/Hispanic disparities 

in Oregon overall. The net CCO effect on White/Hispanic disparities was -0.12% points (p 

value=.877) for early PNC initiation and -0.80% points (p=.342) for PNC adequacy. 

In these models, being 35 years or older, having more than 12 years of education, 

being married, and being diabetic or hypertensive were positively associated with the 

probabilities of early PNC initiation and PNC adequacy while smoking and having 

Medicaid insurance were negatively associated with the probabilities of both outcomes 

(Tables 4.9 – 4.11). Again in the Washington only model, Age was not associated with 

either the probability of early PNC initiation or PNC adequacy and being nulliparous was 

not associated with the probability of early PNC initiation.   

 4.4.4: Effect of CCO implementation on White/Black disparities in early PNC 

initiation and PNC adequacy (RQ2bii) 

In Oregon, change in the White/Black disparity in early PNC initiation did not 

reach statistical significance (model 4; 1.72% points; p value=.253; Table 4.12). 

White/Black disparities in PNC adequacy in Oregon, however, reduced significantly from 

the pre-policy to the post-policy periods (model 4; 3.49% points; p value=.034). 

In Washington, there was no significant change in White/Black disparities in either 

early PNC initiation (model 4; 0.63%; p value=.505; Table 4.13) or PNC adequacy (model 

4; 0.08% points; p value =.939). 
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Table 4.14 summarizes the results for the linear probability models applied to the 

combined sample of White and Black women in Oregon and Washington. In the final 

model, the change in White/Black disparities did not reach statistical significance for either 

early PNC initiation (model 4; 1.15% points; p value=.516) or PNC adequacy (model 4; 

3.31% points; p value=.090). 

In these models there was no association between the probabilities of either early 

PNC initiation or PNC adequacy  and being 35 years or older except for the Oregon only 

sample where age was positively associated with early PNC initiation. Having more than 

12 years of education, being nulliparous, being married, and being diabetic or hypertensive 

were positively associated with the probabilities of early PNC initiation and PNC 

adequacy. Having Medicaid insurance and smoking were negatively associated with both 

PNC utilization outcomes (Tables 4.12 – 4.14). 

4.4.5 Test for validity of linear probability modelling 

All derived estimates from the linear probability models and logistic regression models had 

the same direction and statistical inference (Appendix D) and less than 2% of predicted 

probabilities for all models fell outside the 0 – 1 range (Appendix E).  

4.4.6: Sensitivity Analyses 

 Similar to research question 1, a series of sensitivity analyses was carried out to test 

the robustness of the findings for research question 2. The first sensitivity analysis 

(sensitivity 1) assumed a quadratic time trend in the probability of early PNC initiation and 

PNC adequacy (rather than a linear trend which was assumed in the main analysis). The 

second sensitivity analysis (sensitivity 2) tested the assumption that the aggregate pre-CCO 

trend in the outcomes was the same for all groups. In the third sensitivity analysis, the 
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post-CCO period was redefined to include observations in the transitional period (from 

July 2012 till December 2013). In the final sensitivity analysis, the standard errors were 

adjusted for clustering of errors within counties.  

Sensitivity analyses results: The significant positive effect of CCO implementation 

on insurance-type disparities in both PNC utilization outcomes, and the null effect of 

CCOs on White/Hispanic and White/Black disparities remained unchanged following the 

four sensitivity tests (sensitivity 1 – 4, Appendix F).   

 

4.5 Discussion 

 This study sought to assess the impact of CCO implementation on insurance-type 

and racial/ethnic disparities in early PNC initiation and PNC adequacy. CCO 

implementation was found to have significantly reduced insurance-type disparities in early 

PNC initiation and PNC adequacy between the Medicaid and privately-insured populations 

in Oregon. Although both Oregon and Washington experienced a reduction in insurance-

type disparities over the study period, the reduction in insurance-type disparities in Oregon 

was significantly greater than the reduction in Washington. Based on the robust modelling 

approach used to derive the DIDID estimate and the robustness if the effect to subsequent 

sensitivity tests, the reduction in insurance-type disparities observed in Oregon can be 

attributed to CCO implementation. This could have been a result of targeted outreach and 

enrollment efforts, a greater pool of providers, and incentives to providers to make more 

accommodations for women on Medicaid. A combination of any of these could have 

resulted in more timely scheduling of PNC visits. The proportion of pregnant women 

covered by Medicaid remained stable at approximately 45% from the pre-CCO to the post-
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CCO period suggesting that there was no meaningful influx of women from the privately-

insured group into the Medicaid group. Although the chance of ‘spillover effects’ of CCO 

activities into the privately-insured group was not measured in this study, if such effects 

did occur it can be assumed that CCOs would have had an even stronger effect on 

insurance type disparities.  

 CCO implementation did not affect disparities in early PNC initiation or PNC 

adequacy between White and Hispanic women, or between White and Black women. This 

finding could be as a result of the stronger effect of CCOs among White women on 

Medicaid that was earlier described (in section 3.5.4). One multi-state study among women 

on Medicaid found that minority women were less likely to receive services that were 

client initiated (such as PNC initiation and adherence to recommended visits) and 

discretionary services (such as filling vitamin prescriptions) (Gavin, Adams, Hartmann, 

Benedict, & Chireau, 2004). Another explanation for this finding is that CCOs currently 

have no incentive to address racial-ethnic disparities in quality of care. Whereas CCOs can 

affect insurance-type disparities just by being effective, impacting racial-ethnic disparities 

will require another level of strategy to identify unique challenges faced by minority 

women and implement processes to ensure that all groups of women benefit, at least 

equally, from CCO efforts. 

Disparities in PNC utilization between women Medicaid beneficiaries and 

privately-insured women are documented in the literature (Bengiamin et al., 2010; Krieger 

et al., 1992). In Oregon, insurance-based discrimination with regards to PNC among 

women on Medicaid has also been documented (Thorburn & De Marco, 2010). There are 

also well documented disparities in PNC utilization by race/ethnicity (Coley & Aronson, 
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2013; Ruwe et al., 2010; Utz et al., 2012) . Compared to non-Hispanic White women, 

belonging to any racial/ethnic minority was associated with lower PNC utilization. This 

finding is in agreement with a recently published study that conducted a county level 

analysis of PNC initiation in Oregon and Washington counties between 2000 and 2010 

found that Medicaid coverage and Hispanic ethnicity significantly predicted less PNC 

initiation in the first trimester in Oregon (Docherty & Johnston, 2015). In the current study, 

CCO implementation did not reduce disparities between non-Hispanic Whites and 

Hispanics or between non-Hispanic Whites and non-Hispanic Blacks as was hypothesized. 

 

4.6 Limitations 

Type of provider was not controlled for in these analyses and the distribution of 

provider could vary based on insurance type and/or race/ethnicity. For instance certified 

nurse midwife-attended births have been increasing among minority women in the US (E. 

Declercq, 2012). Although detecting potential spillover of CCO effects into privately 

insured populations is beyond the scope of this study, such effects could have occurred. 

However, if such spill-over effects did occur, it would bias the estimates towards the null, 

such that the effects observed would have been more pronounced in the absence of such 

spill-over effects.  
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Figure 4.1: Conceptual framework for factors associated with Insurance/type and 

racial/ethnic disparities in PNC utilization 

   

Disparities in PNC utilization 

*Quality of 
Patient-provider  
Relationships 

*Availability of providers 

*Individual characteristics 
• Age 

• Race/Ethnicity 

• Parity 

• Education 

• Behaviors 

• Comorbidities 

• Previous pregnancy  
outcome 

• Marital status 

• Attitudes 

• Income 

*Reimbursement  
Rates 

*Provider organization 

* Differences between Medicaid and Private 
Insurance 



126 

 

 
  

60

65

70

75

80

85

90

2008 2009 2010 2011 2012 2013

Y
e

ar
ly

 r
at

e
 (

%
) 

Year 

Figure 4.2: Trends in early PNC initiation in 
Oregon by race/ethnicity  

Oregon/White

Oregon/Hispanic

Oregon/Black



127 

 

 
  

60

65

70

75

80

85

90

2008 2009 2010 2011 2012 2013

Y
e

ar
ly

 r
at

e
 (

%
) 

Year 

Figure 4.3: Trends in early PNC initiation in 
Washington by race/ethnicity  

Washington/White

Washington/Hispani
c

Washington/Black



128 

 

 
  

60

65

70

75

80

85

2008 2009 2010 2011 2012 2013

Y
e

ar
ly

 r
at

e
 (

%
) 

Year 

Figure 4.4: Trends in PNC adequacy in Oregon by 
race/ethnicity  

Oregon/White

Oregon/Hispanic

Oregon/Black



129 

 

  

50

55

60

65

70

75

80

2008 2009 2010 2011 2012 2013

Y
e

ar
ly

 r
at

e
 (

%
) 

Year 

Figure 4.5: Trends in PNC adequacy in 
Washington by race/ethnicity  

Washington/White

Washington/Hispani
c

Washington/Black



130 

 

Table 4.1: Maternal Characteristics in Oregon by Insurance type before and after CCO 

implementation  
 Medicaid Private Insurance 

N=220,678 Overall  

n=98,553 

Pre-CCO 

n=81,218 

Post-

CCO 

n=17,335 

∞ π p-

value 

Overall 

n=122,125  

Pre-CCO 

n= 

100,484 

Post-

CCO 

n=21,641 

∞ π p-

value 

Average# of 1PNC visits 

±SD 

11.5±3.8 11.4±3.8 11.7±3.9 .000 12.0±3.3 12.0±3.3 12.1±3.3 .007 

Early 1PNC initiation (%) 73.8 73.1 77.4 .000 90.6 90.7 90.3 .041 
1PNC Adequacy (%) 66.8 65.9 70.5 .000 84.2 84.1 84.6 .045 

         

Age         

 Average ±SD 25.8±5.8 25.6 ± 

5.7 

26.5±5.8 .000 30.0±5.4 29.9±5.4 30.2±5.3 .000 

 ≥ 35 years (%) 8.7 8.3 10.4 .000 20.5 20.4 21.2 .007 

Race/Ethnicity         

 White (%) 55.9 55.8 56.4 .119 78.1 78.1 78.2 .696 

 Black (%) 3.6 3.6 3.5 .643 1.5 1.5 1.6 .226 

 Hispanic (%) 32.2 32.5 31.0 .000 9.6 9.6 9.2 .060 

 Asian (%) 3.6 3.5 4.2 .000 8.2 8.2 8.1 .818 

 2AI/AN (%) 3.5 3.4 3.6 .422 1.5 1.5 1.5 .972 

 Multiracial (%) 1.3 1.2 1.4  1.2 1.1 1.4  

Education (>12 years; %) 33.6 32.6 38.5 .000 79.8 79.2 82.4 .000 

Nulliparous (%) 37.4 37.9 34.7 .000 44.8 44.4 46.6 .000 

Married (%) 41.3 41.1 42.1 .023 83.8 84.1 82.6 .000 

Smoking (%) 21.9 22.2 20.8 .000 5.7 5.9 5.0 .000 

Provider type         

 Physician (%) 81.3 81.3 81.4 .863 82.3 82.9 79.4 .000 

 3CNM (%) 17.6 17.6 17.6 .839 16.6 16.0 19.3 .000 

 Midwife* (%) 0.5 0.6 0.4 .004 0.8 0.8 1.0 .002 

 Other (%) 0.6 0.6 0.6 .399 0.4 0.4 0.4 .839 

Previous preterm 3.8 3.7 4.6 .000 2.6 2.5 2.9 .011 

Diabetes** 7.4 7.0 9.4 .000 7.0 6.8 8.3 .000 

Hypertension*** 1.5 1.4 1.6 .082 1.5 1.5 1.6 .326 
1
 PNC: Prenatal care; 

2
AI/AN: American Indian/Alaska Native; 

3
CNM: Certified Nurse Midwife; 

*direct-entry midwife;  **Chronic or gestational diabetes;   ***Chronic hypertension  
∞  

p value rounded to three decimal places 
π 
Chi square analyses comparing pre-CCO to post-CCO rates within each insurance type.  

Analytical sample comprises all women in Oregon covered by Medicaid and private insurance 

from 2008 – 2013 excluding observations in the transition period (June – December 2012), 

observations missing PNC utilization information, and intended home births. 

‘Provider type’ was missing for about 80% of the Washington data file. This variable was excluded 

in the multivariable analyses. 
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Table 4.2: Maternal Characteristics in WA by insurance type before and after CCO 

implementation 
 Medicaid Private Insurance 

N=334,258 Overall 

n=145,598 

Pre-CCO 

n=106,019 

Post-CCO 

n=39,579 

∞ π 
p-

value 

Overall 

n=189,903 

Pre-CCO 

n=137,500 

Post-CCO 

n=52,403 

∞ π
p-

value 

# of 1PNC visits 

(Mean) 

10.5±3.9 10.4 ± 3.9 10.8 ± 4.0 .000 11.3±3.5 11.3 ± 3.5 11.6 ± 3.5 .000 

Early 1PNC 

initiation (%) 

72.1 71.7 73.7 .000 87.6 87.4 88.8 .000 

1PNC Adequacy (%) 59.2 58.5 62.2 .000 76.0 75.4 78.8 .000 

         

Age         

 Mean 26.0±5.9 25.9 ± 5.9 26.7 ± 5.8 .000 30.2±5.3 30.2 ±  5.4 30.6 ± 5.1 .000 

 ≥ 35 years 

(%) 

9.5 9.2 10.9 .000 21.2 21.0 21.8 .001 

Race/Ethnicity         

 White (%) 45.9 45.7 46.8 .002 74.0 74.2 73.1 .000 

 Black (%) 6.3 5.9 7.9 .000 2.6 2.6 2.6 .715 

 Hispanic 

(%) 

34.7 35.3 31.9 .000 7.3 7.4 7.0 .017 

  Asian (%) 7.3 7.2 8.1 .000 14.0 13.8 15.2 .000 

 2AI/AN 

(%) 

4.2 4.2 4.0 .226 1.4 1.4 1.5 .088 

 Other (%) 1.6 1.7 1.3  0.8 0.8 0.7  

Education (>12 

years, (%) 

33.2 32.1 38.0 .000 81.3 80.7 83.9 .000 

Nulliparous (%) 29.5 30.1 26.6 .000 35.0 35.1 34.6 .086 

Married (%) 42.4 42.4 42.2 .523 85.1 85.0 85.5 .038 

Smoking (%) 15.2 15.3 14.9 .104 4.4 4.5 3.5 .000 

***Provider type         

 Physician(

%) 

82.1 80.8 87.1 .000 83.0 81.9 86.8 .000 

 2CNM (%) 14.2 15.1 11.0 <.001 14.4 15.2 11.7 .000 

 Midwife* 

(%) 

0.2 0.1 0.4 <.001 0.2 0.1 0.6 .000 

 Other (%) 3.5 4.0 1.4 <.001 2.4 2.9 0.9 .000 

Previous preterm 

(%) 

3.2 2.9 4.2 <.001 2.5 2.4 2.7 .001 

Diabetes** (%) 7.0 6.8 8.3 <.001 7.2 7.0 8.2 .000 

Hypertension*** 

(%) 

1.2 1.1 1.4 <.001 1.5 1.5 1.5 .637 

1
PNC: Prenatal care; 

2
AI/AN: American Indian/Alaska Native; 

3
CNM: Certified Nurse Midwife; 

*direct-entry midwife;  **Chronic or gestational diabetes;   ***Chronic hypertension  
∞  

p value rounded to three decimal places 
π
Chi square analyses comparing pre-CCO to post-CCO rates within each insurance type.  

Analytical sample comprises all women in Washington covered by Medicaid and private insurance 

from 2008 – 2013 excluding observations in the transition period (June – December 2012), 

observations missing PNC utilization information, and intended home births. 

‘Provider type’ was missing for about 80% of the Washington data file. This variable was excluded 

in the multivariable analyses. 
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Table 4.3: Maternal Characteristics in Oregon by Race/ethnicity  
 White 

N=150,471 

Hispanic 

 43,392 

∞ π
p value Black 

N=5,340 

∞ π
p value 

 
Average# of 1PNC visits ±SD 11.9±3.5 11.5±3.5 .000 11.2±3.5 .000 

Early 1PNC initiation (%) 85.7 76.42 .000 75.4 .000 
1PNC Adequacy (%) 79.4 69.0 .000 66.2 .000 

      
Age      

 Average ±SD 28.4±5.8 26.0±6.3 .000 26.6±6.1 .000 

 ≥ 35 years (%) 15.3 13.1 .000 11.8 .000 

Medicaid 36.6 73.1 .000 65.8 .000 

Education (>12 years; %) 68.2 24.4 .000 49.0 .000 

Nulliparous (%) 43.7 32.4 .000 40.4 .000 

Married (%) 68.9 51.5 .000 37.3 .000 

Smoking (%) 15.7 4.3 .000 14.8 .064 
Provider type      

 Physician (%) 82.6 78.5 .000 77.6 .000 

 2CNM (%) 16.1 20.7 .000 21.6 .000 

 Midwife* (%) 0.8 0.2 .000 0.2 .000 

 Other (%) 0.4 0.7 .000 0.6 .057 
Previous preterm 2.9 3.8 .000 3.9 .000 

Diabetes** 5.9 10.0 .000 7.1 .000 

Hypertension*** 1.6 1.2 .000 2.5 .000 
1
PNC: Prenatal care; 

2
CNM: Certified Nurse Midwife; *direct-entry midwife;  **Chronic 

or gestational diabetes;   ***Chronic hypertension  
∞  

p value rounded to three decimal places 

π 
Chi square analyses comparing Hispanic women to White women. 

∞ ∞ 
Chi square analysis 

comparing Black women to White women  

Analytical sample comprises White, Hispanic and Black women in Oregon covered by 

Medicaid and private insurance from 2008 – 2013 excluding observations in the transition 

period (June – December 2012), observations missing PNC utilization information, and 

intended home births. 

‘Provider type’ was missing for about 80% of the Washington data file. This variable was 

excluded in the multivariable analyses. 
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Table 4.4: Maternal Characteristics in Washington by Race/ethnicity 

 

 

White 

N=206,619 

Hispanic 

 64,030 

∞ π
p value Black 

N=13,922 

∞  ππ 
p value 

 
Average# of 1PNC visits ±SD 11.2±3.6 10.5±3.8 .000 10.6±4.1 .000 

Early 1PNC initiation (%) 84.1 74.6 .000 73.0 .000 
1PNC Adequacy (%) 72.7 60.7 .000 59.4 .000 

      
Age      

 Average ±SD 28.7±5.8 26.7±6.2 .000 27.6±6.2 .000 

 ≥ 35 years (%) 16.3 12.5 .000 14.5 .000 

Medicaid 32.2 78.4 .000 65.2 .000 

Education (>12 years; %) 70.3 25.9 .000 48.4 .000 

Nulliparous (%) 33.7 27.4 .000 29.5 .000 

Married (%) 72.6 48.5 .000 45.0 .000 

Smoking (%) 11.4 2.9 .000 9.7 .000 

Provider type      

 Physician (%) 82.4 78.5 .000 86.3 .000 

 2CNM (%) 14.7 17.5 .000 11.2 .000 

 Midwife* (%) 0.2 0.1 .000 0.3 .254 

 Other (%) 2.7 3.9 .000 2.2 .064 
Previous preterm 2.8 2.8 .719 3.9 .000 

Diabetes** 6.0 8.4 .000 6.9 .000 

Hypertension*** 1.5 0.8 .000 2.5 .000 
1
PNC: Prenatal care; 

2
CNM: Certified Nurse Midwife; *direct-entry midwife;  **Chronic 

or gestational diabetes;   ***Chronic hypertension  
∞  

p value rounded to three decimal places 

π 
Chi square analyses comparing Hispanic women to White women. 

ππ 
Chi square analysis 

comparing Black women to White women  

Analytical sample comprises White, Hispanic and Black women in Washington covered by 

Medicaid and private insurance from 2008 – 2013 excluding observations in the transition 

period (June – December 2012), observations missing PNC utilization information, and 

intended home births. 

‘Provider type’ was missing for about 80% of the Washington data file. This variable was 

excluded in the multivariable analyses. 
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Table 4.5: Prenatal care utilization rates in Oregon and Washington by race/ethnicity, 

before and after CCO implementation 

Oregon
$
 

 White Hispanic Black 

 Pre-CCO Post-CCO Pre-

CCO 

Post-

CCO 

Pre-

CCO 

Post-

CCO 

Early PNC initiation (%) 85.5 86.7** 75.7  79.8** 74.80  78.1* 

PNC Adequacy (%) 79.1 80.9** 68.2 73.1** 65.2 71.1** 

 

 

 

Washington
¥
 

 White Hispanic Black 

 Pre-CCO Post-CCO Pre-

CCO 

Post-

CCO 

Pre-

CCO 

Post-

CCO 

Early PNC initiation (%) 83.9 84.8** 73.9 77.8** 72.9 73.5 

PNC Adequacy (%) 72.2 75.0** 59.6 66.2** 59.0 60.8 
 

*p<.05; **p<.001;Chi square analyses comparing pre-CCO rates to post-CCO rates within 

each racial/ethnic category.  
$
Analytical sample comprises all White, Hispanic and Black women in Oregon covered by 

Medicaid and private insurance from 2008 – 2013 excluding observations in the transition 

period (June – December 2012), observations missing PNC utilization information, and 

intended home births. 
¥
Analytical sample comprises all White, Hispanic and Black women in Washington 

covered by Medicaid and private insurance from 2008 – 2013 excluding observations in 

the transition period (June – December 2012), observations missing PNC utilization 

information, and intended home births. 
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Table 4.6: Linear probability model results for the change in insurance-type disparities in 

the probabilities of early PNC Initiation and PNC adequacy in Oregon 
      

  Early 
1
PNC 

Initiation 

β [% points] 

∞
p value 

1
PNC 

Adequacy  

β [% points] 

∞
 p value 

*Model 1 Medicaid -17.60 .000 -18.24 .000 

(n=243,926) Post -0.45 .044 0.55 .043 

 Medicaid *Post  4.70 .000 4.07 .000 

      

      

**Model 2 Medicaid -12.72 .000 -12.38 .000 

(n= 237,269) Post -4.47 .000 -6.71 .000 

 Medicaid *Post  4.51 .000 3.99 .000 

      

 Age 0.74 .000 1.06 .000 

 Education 4.91 .000 5.79 .000 

 Black  -2.66 .000 -4.29 .000 

 Hispanic -0.97 .000 -1.67 .000 

 Asian -5.26 .000 -6.97 .000 

 
2
AI/AN -3.43 .000 -5.11 .000 

 Other race -8.09 .000 -9.25 .000 

 Nulliparous 0.89 .000 2.19 .000 

 Married 5.34 .000 6.21 .000 

 Smoking -1.65 .000 -2.62 .000 

 Previous 

preterm 

0.12 .803 -2.78 .000 

 Diabetes  1.44 .000 3.08 .000 

 Hypertension 1.67 .006 1.88 .008 
1
PNC: prenatal care; 

2
AI/AN: American Indian/Alaska Native 

∞  
p value rounded to three decimal places 

*Model 1: Unadjusted model 

**Model 2: Model adjusting for linear time trend (continuous variable representing 

month), county fixed effects, and individual covariates [maternal age (<35 versus ≥35years 

old), race/ethnicity, education (≤ 12 years versus >12 years of formal education), parity 

(nulliparous versus multiparous), marital status, smoking, previous preterm birth, diabetes 

(chronic or gestational) and chronic hypertension]. 

Analytical sample comprises women in Oregon covered by Medicaid and private insurance 

from 2008 – 2013 excluding observations in the transition period (June – December 2012), 

observations missing PNC utilization information, and intended home births. 
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Table 4.7: Linear probability model results for the change in insurance-type disparities in 

the probabilities of early PNC Initiation and PNC adequacy in Washington 
      

  Early 
1
PNC 

Initiation 

β [% points] 

P value 
1
PNC 

Adequacy  

β [% points] 

P value 

*Model 1 Medicaid -15.65 .000 -16.93 .000 

(n=243,926) Post 1.41 .000 3.42 .000 

 Medicaid *Post  0.54 .133 0.30 .468 

      

**Model 2 Medicaid -12.46 .000 -12.42 .000 

(n= 237,269) Post -1.81 .000 -2.46 .000 

 Medicaid *Post  0.92 .011 0.99 .017 

      

 Age 0.27 .138 0.37 .088 

 Education 4.99 .000 5.90 .000 

 Black  -4.17 .000 -6.06 .000 

 Hispanic -1.66 .000 -2.95 .000 

 Asian -4.40 .000 -6.26 .000 

 
2
AI/AN -4.84 .000 -6.98 .000 

 Other race -7.73 .000 -10.15 .000 

 Nulliparous -0.03 .824 1.68 .000 

 Married 2.92 .000 3.45 .000 

 Smoking -2.45 .000 -3.42 .000 

 Previous 

preterm 

0.15 .730 -3.32 .000 

 Diabetes  0.87 .001 3.63 .000 

 Hypertension 3.54 .000 5.38 .000 
1
PNC: prenatal care; 

2
AI/AN: American Indian/Alaska Native  

∞  
p value rounded to three decimal places 

*Model 1: Unadjusted model 

**Model 2: Model adjusting for linear time trend (continuous variable representing 

month), county fixed effects, and individual covariates [maternal age (<35 versus ≥35years 

old), race/ethnicity, education (≤ 12 years versus >12 years of formal education), parity 

(nulliparous versus multiparous), marital status, smoking, previous preterm birth, diabetes 

(chronic or gestational) and chronic hypertension]. 

Analytical sample comprises women in Washington covered by Medicaid and private 

insurance from 2008 – 2013 excluding observations in the transition period (June – 

December 2012), observations missing PNC utilization information, and intended home 

births. 
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Table 4.8: Linear probability model results for the effect of CCO implementation on 

insurance-type disparities in the probabilities of early PNC Initiation and PNC adequacy  
      

  Early 
1
PNC 

Initiation 

β [% points] 

∞
P value 

1
PNC 

Adequacy  

β [% points] 

∞
P 

value 

*Model 1 Oregon 3.32 .000 8.68 .000 

(n=556,379) Post 1.41 .000 3.42 .000 

 Medicaid -15.65 .000 -16.93 .000 

 Oregon*Post*Medicaid 4.16 .000 3.77 .000 

      

      

      

**Model 2 Oregon -5.24 .001 -1.83 .265 

(n=541,124) Post -2.25 .000 -3.00 .000 

 Medicaid -12.19 .000 -12.18 .000 

 Oregon*Post*Medicaid 3.57 .000 2.97 .000 

      

 Age 0.45 .001 0.63 .000 

 Education 4.97 .000 5.86 .000 

 Black  -3.70 .000 -5.48 .000 

 Hispanic -1.35 .000 -2.38 .000 

 Asian -4.63 .000 -6.42 .000 

 
2
AI/AN -4.22 .000 -6.16 .000 

 Other race -7.91 .000 -9.79 .000 

 Nulliparous 0.34 .002 1.87 .000 

 Married 3.90 .000 4.58 .000 

 Smoking -2.10 .000 -3.09 .000 

 Previous preterm 0.12 .713 -3.10 .000 

 Diabetes  1.11 .000 3.41 .000 

 Hypertension 2.76 .000 3.91 .000 
1
PNC: prenatal care 

2
AI/AN: American Indian/Alaska Native  

∞  
p value rounded to three decimal places  

*Model 1: Unadjusted model 

**Model 2: Model adjusting for linear time trend (continuous variable representing 

month), county fixed effects, and individual covariates [maternal age (<35 versus ≥35years 

old), race/ethnicity, education (≤ 12 years versus >12 years of formal education), parity 

(nulliparous versus multiparous), marital status, smoking, previous preterm birth, diabetes 

(chronic or gestational) and chronic hypertension]. 

Analytical sample comprises women in Oregon and Washington covered by Medicaid and 

private insurance from 2008 – 2013 excluding observations in the transition period (June – 

December 2012), observations missing PNC utilization information, and intended home 

births. 
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Table 4.9: Linear probability model results for the change in White/Hispanic disparities in 

the probabilities of early PNC Initiation and PNC adequacy in Oregon 
      

  Early 
1
PNC 

Initiation 

β [% points] 

∞
P value 

1
PNC Adequacy  

β [%points] 

∞
P value 

*Model 1 Hispanic -9.80 .000 -10.89 .000 

(n=243,926) Post 1.14 .000 1.80 .000 

 Hispanic 

*Post  

2.97 .000 3.11 .000 

      

**Model 2 Hispanic -2.01 .000 -2.82 .000 

(n= 237,269) Post -3.10 .000 -5.29 .000 

 Hispanic 

*Post  

2.81 .000 2.86 .000 

      

 Age 0.57 .009 0.75 .003 

 Education 4.32 .000 5.14 .000 

 Medicaid  -11.32 .000 -11.03 .000 

 Nulliparous 0.90 .000 2.07 .000 

 Married 5.54 .000 6.44 .000 

 Smoking -2.05 .000 -3.20 .000 

 Previous 

preterm 

0.18 .713 -2.82 .000 

 Diabetes  1.48 .000 3.11 .000 

 Hypertensio

n 

1.88 .003 2.06 .005 

1
PNC: prenatal care  

∞  
p value rounded to three decimal places  

*Model 1: Unadjusted model 

**Model 2: Model adjusting for linear time trend (continuous variable representing 

month), county fixed effects, and individual covariates [maternal age (<35 versus ≥35years 

old), insurance type (Medicaid versus private insurance), education (≤ 12 years versus >12 

years of formal education), parity (nulliparous versus multiparous), marital status, 

smoking, previous preterm birth, diabetes (chronic or gestational) and chronic 

hypertension]. 

Analytical sample comprises Hispanic and White women in Oregon covered by Medicaid 

and private insurance from 2008 – 2013 excluding observations in the transition period 

(June – December 2012), observations missing PNC utilization information, and intended 

home births. 
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Table 4.10: Linear probability model results for the change in White/Hispanic disparities in 

the probabilities of early PNC Initiation and PNC adequacy in Washington 
      

  Early 
1
PNC 

Initiation 

β [% points] 

∞
P value 

1
PNC Adequacy  

β [%points] 

∞
P value 

*Model 1 Hispanic -9.92 .000 -12.66 .000 

(n=243,926) Post 0.90 .000 2.81 .000 

 Hispanic 

*Post  

2.89 .000 3.80 .000 

      

**Model 4 Hispanic -2.77 .000 -4.20 .000 

(n= 237,269) Post -2.15 .000 -3.03 .000 

 Hispanic 

*Post  

2.95 .000 3.37 .000 

      

 Age 0.09 .644 0.21 .383 

 Education 4.47 .000 5.25 .000 

 Medicaid  -11.62 .000 -11.76 .000 

 Nulliparous -0.04 .800 1.49 .000 

 Married 3.08 .000 3.40 .000 

 Smoking -2.59 .000 -3.61 .000 

 Previous 

preterm 

<0.01 .996 -3.23 .000 

 Diabetes  0.95 .001 3.84 .000 

 Hypertensio

n 

3.40 .000 5.37 .000 

1
PNC: prenatal care  

∞  
p value rounded to three decimal places  

*Model 1: Unadjusted model 

**Model 2: Model adjusting for linear time trend (continuous variable representing 

month), county fixed effects, and individual covariates [maternal age (<35 versus ≥35years 

old), insurance type (Medicaid versus private insurance), education (≤ 12 years versus >12 

years of formal education), parity (nulliparous versus multiparous), marital status, 

smoking, previous preterm birth, diabetes (chronic or gestational) and chronic 

hypertension]. 

Analytical sample comprises Hispanic and White women in Washington covered by 

Medicaid and private insurance from 2008 – 2013 excluding observations in the transition 

period (June – December 2012), observations missing PNC utilization information, and 

intended home births. 
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Table 4.11: Linear probability model results for the effect of CCO implementation on 

White/Hispanic disparities in the probabilities of early PNC Initiation and PNC adequacy 
      

  Early 
1
PNC 

Initiation 

β [% points] 

∞
P 

value 

1
PNC 

Adequacy  

β [%points] 

∞
P value 

*Model 1 Oregon 1.64 .000 6.87 .000 

(n=465,303) Post 0.90 .000 2.81 .000 

 Hispanic -9.92 .000 -12.66 .000 

 Oregon*Post* Hispanic 0.08 .913 -0.69 .414 

      

      

**Model 2 Oregon -6.88 .000 -2.98 .075 

(n=452,915) Post -2.59 .000 -3.44 .000 

 Hispanic -2.57 .000 -4.02 .000 

 Oregon*Post* Hispanic -0.12 .877 -0.80 .342 

      

 Age 0.29 .051 0.43 .015 

 Education 4.41 .000 5.20 .000 

 Medicaid  -11.50 .000 -11.45 .000 

 Nulliparous 0.36 .002 1.72 .000 

 Married 4.13 .000 4.70 .000 

 Smoking -2.36 .000 -3.46 .000 

 Previous preterm 0.06 .862 -3.07 .000 

 Diabetes  1.18 .000 3.53 .000 

 Hypertension 2.72 .000 3.89 .000 
1
PNC: prenatal care  

∞  
p value rounded to three decimal places  

*Model 1: Unadjusted model 

**Model 2: Model adjusting for linear time trend (continuous variable representing 

month), county fixed effects, and individual covariates [maternal age (<35 versus ≥35years 

old), insurance type (Medicaid versus private insurance), education (≤ 12 years versus >12 

years of formal education), parity (nulliparous versus multiparous), marital status, 

smoking, previous preterm birth, diabetes (chronic or gestational) and chronic 

hypertension]. 

Analytical sample comprises Hispanic and White women in Oregon and Washington 

covered by Medicaid and private insurance from 2008 – 2013 excluding observations in 

the transition period (June – December 2012), observations missing PNC utilization 

information, and intended home births. 
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Table 4.12: Linear probability model results for the change in White/Black disparities in 

the probabilities of early PNC Initiation and PNC adequacy in Oregon 
      

  Early 
1
PNC 

Initiation 

β [% 

points] 

∞
P value 

1
PNC Adequacy  

β [%points] 

∞
P value 

*Model 1 Black -10.73 .000 -13.93 .000 

n=155,811 Post 1.14 .000 1.80 .000 

 Black*Post  2.19 .147 4.12 .013 

      

**Model 2 Black -3.10 .000 -7.62 .000 

n= 153,724 Post -2.29 .000 -4.51 .000 

 Black*Post  1.72 .253 3.49 .034 

      

 Age 0.49 .029 0.16 .562 

 Education 4.73 .000 5.51 .000 

 Medicaid  -12.16 .000 -11.38 .000 

 Nulliparous 1.04 .000 2.05 .000 

 Married 4.47 .000 5.48 .000 

 Smoking -2.08 .000 -2.82 .000 

 Previous 

preterm 

0.83 .122 -2.40 .000 

 Diabetes  1.24 .001 2.76 .000 

 Hypertensio

n 

1.76 .008 2.20 .005 

1
PNC: prenatal care  

∞  
p value rounded to three decimal places  

*Model 1: Unadjusted model 

**Model 2: Model adjusting for linear time trend (continuous variable representing 

month), county fixed effects, and individual covariates [maternal age (<35 versus ≥35years 

old), insurance type (Medicaid versus private insurance), education (≤ 12 years versus >12 

years of formal education), parity (nulliparous versus multiparous), marital status, 

smoking, previous preterm birth, diabetes (chronic or gestational) and chronic 

hypertension]. 

Analytical sample comprises Black and White women in Oregon covered by Medicaid and 

private insurance from 2008 – 2013 excluding observations in the transition period (June – 

December 2012), observations missing PNC utilization information, and intended home 

births. 
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Table 4.13: Linear probability model results for the change in White/Black disparities in 

the probabilities of early PNC Initiation and PNC adequacy in Washington 

      

  Early 
1
PNC 

Initiation 

β [% 

points] 

∞
P value 

1
PNC 

Adequacy  

β [%points] 

∞
P value 

*Model 1 Black -10.99 .000 -13.18 .000 

n=220,541 Post 0.90 .000 2.81 .000 

 Black*Post  0.28 .768 -1.03 .326 

      

*Model 2 Black -4.68 .000 -6.61 .000 

n= 237,269 Post -1.42 .000 -1.83 .000 

 Black*Post  0.63 .505 0.08 .939 

      

 Age -0.22 .286 -0.10 .707 

 Education 5.00 .000 5.76 .000 

 Medicaid  -12.30 .000 -12.29 .000 

 Nulliparous 0.38 .024 1.83 .000 

 Married 1.89 .000 2.31 .000 

 Smoking -2.34 .000 -3.58 .000 

 Previous 

preterm 

0.71 .148 -2.74 .000 

 Diabetes  0.55 .094 3.20 .000 

 Hypertensi

on 

3.07 .000 5.31 .000 

1
PNC: prenatal care  

∞ 
p value rounded to three decimal places  

*Model 1: Unadjusted model 

**Model 2: Model adjusting for linear time trend (continuous variable representing 

month), county fixed effects, and individual covariates [maternal age (<35 versus ≥35years 

old), insurance type (Medicaid versus private insurance), education (≤ 12 years versus >12 

years of formal education), parity (nulliparous versus multiparous), marital status, 

smoking, previous preterm birth, diabetes (chronic or gestational) and chronic 

hypertension]. 

Analytical sample comprises Black and White women in Washington covered by Medicaid 

and private insurance from 2008 – 2013 excluding observations in the transition period 

(June – December 2012), observations missing PNC utilization information, and intended 

home births. 
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Table 4.14: Linear probability model results for the effect of CCO implementation on 

White/Black disparities in the probabilities of early PNC Initiation and PNC adequacy 

      

  Early 
1
PNC 

Initiation 

β [% 

points] 

∞
P 

value 

1
PNC 

Adequacy  

β 

[%points] 

∞
P value 

*Model 1 Oregon 1.64 .000 6.87 .000 

n=377,124 Post 0.90 .000 2.81 .000 

 Black -10.99 .000 -13.18 .000 

 Oregon*Post* 

Black 

2.46 .058 5.15 .009 

      

*Model 2 Oregon -6.91 .000 -2.42 .170 

n=369,812 Post -1.18 .000 -2.40 .000 

 Black -4.34 .000 -6.21 .000 

 Oregon*Post* 

Black 

1.15 .516 3.31 .090 

      

 Age 0.06 .683 0.21 .265 

 Education 4.89 .000 5.64 .000 

 Medicaid  -12.25 .000 -12.19 .000 

 Nulliparous 0.65 .000 1.95 .000 

 Married 2.99 .000 3.66 .000 

 Smoking -2.26 .000 -3.45 .000 

 Previous preterm 0.74 .042 -2.60 .000 

 Diabetes  0.74 .000 3.00 .000 

 Hypertension 2.50 .000 3.94 .000 
1
PNC: prenatal care  

∞  
p value rounded to three decimal places  

*Model 1: Unadjusted model 

**Model 2: Model adjusting for linear time trend (continuous variable representing 

month), county fixed effects, and individual covariates [maternal age (<35 versus ≥35years 

old), education (≤ 12 years versus >12 years of formal education), insurance type 

(Medicaid versus private insurance), parity (nulliparous versus multiparous), marital status, 

smoking, previous preterm birth, diabetes (chronic or gestational) and chronic 

hypertension]. 

Analytical sample comprises Black and White women in Oregon and Washington covered 

by Medicaid and private insurance from 2008 – 2013 excluding observations in the 

transition period (June – December 2012), observations missing PNC utilization 

information, and intended home births. 
  



144 

 

Table 4.15: Sensitivity Analyses for effect of CCOs on insurance-type and racial/ethnic 

disparities in the probabilities of early PNC Initiation and PNC adequacy  
       

  Estimates from  

**model 2 

Early 
1
PNC 

Initiation 

β [%points] 

∞
P value 

 

1
PNC 

Adequacy  

β 

[%points] 

∞
P 

value 

a
Research 

question 2a  

 main analyses Oregon*Post*Medicaid 3.57 .000 2.97 .000 

 
S1

Sensitivity 1 Oregon*Post*Medicaid 3.56 .000 2.96 .000 

 
S2

Sensitivity 2 Oregon*Post*Medicaid 3.57 .000 2.98 .000 

 
S3

Sensitivity 3 Oregon*Post*Medicaid 3.23 .000 2.89 .000 

 
S4

Sensitivity 4 Oregon*Post*Medicaid 3.57 .000 2.97 .017 

       
b1

Research 

question 2b 

(White/ 

Hispanic) 

main analyses Oregon*Post*Hispanic -0.12 .877 -0.80 .342 

 
S1

Sensitivity 1 Oregon*Post*Hispanic -0.12 .868 -0.83 .323 

 
S2

Sensitivity 2 Oregon*Post*Hispanic -0.12 .875 -0.80 .340 

 
S3

Sensitivity 3 Oregon*Post*Hispanic -0.26 .724 -0.85 .308 

 
S4

Sensitivity 4 Oregon*Post*Hispanic -0.12 .926 -0.80 .317 

       
b2

Research 

question 2b 

(White/ 

Black) 

main analyses Oregon*Post*Black 1.15 .516 3.31 .090 

 
S1

Sensitivity 1 Oregon*Post*Black 1.16 .514 3.35 .086 

 
S2

Sensitivity 2 Oregon*Post*Black 1.16 .514 3.32 .089 

 
S3

Sensitivity 3 Oregon*Post*Black 0.81 .638 3.03 .111 

 
S4

Sensitivity 4 Oregon*Post*Black 1.15 .452 3.31 .090 
1
PNC: prenatal care  

∞  
p value rounded to three decimal places  

a
Research question 2a: effect of CCO implementation insurance-type disparities in the probabilities 

of early PNC initiation and PNC adequacy 
b1

Research question 2b (White/Hispanic): effect of CCO implementation White/Hispanic 

disparities in the probabilities of early PNC initiation and PNC adequacy  
b2

Research question 2b (White/Black):  effect of CCO implementation White/Black disparities in 

the probabilities of early PNC initiation and PNC adequacy  

**Model 2: Model adjusting for linear time trend (continuous variable representing month), county 

fixed effects, and individual covariates [maternal age (<35 versus ≥35years old), race/ethnicity (for 

RQ2a), education (≤ 12 years versus >12 years of formal education), insurance type (Medicaid 

versus private insurance for RQ 2b), parity (nulliparous versus multiparous), marital status, 

smoking, previous preterm birth, diabetes (chronic or gestational) and chronic hypertension]. 
S1

Sensitivity 1: Assuming a quadratic time trend in rates if early PNC initiation and PNC adequacy 
S2

Sensitivity 2: Assuming the aggregate time trend in the pre-CCO period is the same for all groups 
S3

Sensitivity 3: Redefining the post-CCO period to include observations from the transitional 

period (July to December 2012). 
S4

Sensitivity 4: Adjusting errors for clustering by county 
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CHAPTER 5 

POLICY IMPLICATIONS & CONCLUSION 
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5.1 Overall Discussion 

This study sought to examine the impact of CCO implementation in Oregon on the 

quality of PNC utilization. Two measures of PNC utilization were studied: early (first 

trimester) PNC initiation and PNC adequacy (first trimester initiation and at least nine 

PNC visits). The study also sought to assess the impact of CCO implementation on 

disparities in PNC utilization by type of insurance (Medicaid or private) and by 

race/ethnicity.  

The results of this study highlight the risks and benefits associated with the 

adoption of various public health approaches. CCO implementation can be considered a 

‘vulnerable population’ approach because as a group, Medicaid populations have higher 

levels of different markers of social disadvantage and other risk factors related to poor 

healthcare utilization. In this study, compared to women on private insurance, Women in 

Medicaid were younger, had fewer years of education, and were more likely to be 

unmarried and to smoke. The ‘vulnerable population’ approach was introduced by Frohlich 

in 2008 and posits that risks hardly occur in isolation, and that ‘vulnerable populations’ 

usually possess a variety of risks simultaneously (Frohlich & Potvin, 2008). 

The positive effect of CCO implementation on PNC utilization and the reduction in 

insurance-type disparities that was observed in the present study highlights the benefit of 

the ‘vulnerable population’ approach. Although PNC utilization measures are still lower 

for women on Medicaid, by focusing attention and resources on this group, the gap 

between privately-insured women and women in Medicaid narrowed as a result of CCO 

implementation.  
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Medicaid populations however, are also a heterogeneous group with significant 

variation in individual characteristics and risk factors such as race/ethnicity. As such CCO 

implementation could also be considered a ‘population’ approach to public health. The 

‘population’ approach was introduced by Geoffrey Rose in the mid-1980s and drew 

attention to the fact that the prevalence of disease is dependent on contextual factors, and 

that the experiences of two individuals with the same risk factors can be drastically 

different based on the environments in which they live (Frohlich & Potvin, 2008; Rose, 

1985). This approach therefore argues for focusing health promotion efforts on the entire 

population but with an emphasis on changing the environment and societal norms. Rose’s 

population approach has been critiqued for the potential for population-level public health 

initiatives, even when effective, to exacerbate existing disparities (Frohlich & Potvin, 

2008). For instance, following anti-smoking informational campaigns in Italy, the gap in 

smoking rates between individuals of different educational groups widened (Federico, 

Costa, & Kunst, 2007). 

The findings of the present study regarding the concentration of benefit among 

White women and the lack of an effect of CCO implementation on racial/ethnic disparities 

highlights the disadvantage of ‘population’ approaches because vulnerable groups may be 

limited in their capacity to respond - and consequently benefit - from public health 

initiatives that target the general population (Frohlich & Potvin, 2008).  

 

5.2 Policy implications 

Caring for pregnant women is a unique area of medicine as there are two patients 

involved- mother and infant. In addition to the potential of enriching the experience of 
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pregnant women and reducing the risk of poor infant outcomes, the benefits of PNC 

utilization has been shown to go beyond pregnancy and delivery and extend into the 

postpartum period, influencing the utilization of postnatal care, well-child visits (Cogan et 

al., 2012), infant health (York et al., 2000), and possibly childhood obesity (Utz et al., 

2012) and utilization of contraceptive services (N. Hale, Picklesimer, Billings, & 

Covington-Kolb, 2014; Zerai & Tsui, 2001). The pregnancy and postpartum periods are 

important periods where crucial services – such as counselling for contraception, mental 

health screening, screening for chronic diseases, screening for sexually transmitted 

diseases, well child visits, and immunizations - are delivered to mothers and infants. 

Therefore seizing the opportunity of pregnancy to integrate mothers into health care, 

should be a priority. The results of this study suggest that payment reform, specifically 

global payments coupled with pay-for-performance, can be an effective tool in improving 

women’s access to timely PNC. Given the proliferation of ACOs across the country, and 

specifically among Medicaid plans, such reforms could potentially have significant impact 

on the quality of PNC, and other foundational preventive services, at a national level.   

The fact that CCO implementation improved early PNC initiation among white 

women, but not among Hispanic or Black women is a crucial finding. Given that 

racial/ethnic minorities are already at higher risk for late PNC initiation and inadequate 

PNC, initiatives that only favor the majority can further exacerbate existing disparities. It is 

therefore important to identify, and subsequently address, what unique barriers minority 

women may be facing. For instance, in the present study, whereas being married was 

protective for White and Hispanic women, being married was associated with lower 

probabilities of early PNC initiation and PNC adequacy among Black women. The state 
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and CCOs may have to explore alternative methods of reaching out to and incentivizing 

racial-ethnic minority women. This is especially important given the higher prevalence of 

comorbidities (like diabetes and obesity) among women of racial-ethnic minorities, and the 

higher incidence of adverse infant outcomes (like low birth weight and preterm birth) 

among Black women (Bryant et al., 2010). These are conditions that could benefit from 

timely and adequate PNC.  

The finding of no improvement in PNC adequacy highlights the importance of 

selection and definition of quality metrics, especially when these measures are 

incentivized. For instance, the definition of the PNC quality metric included initiating care 

within 42 days of CCO enrollment, meaning that for new enrollees, CCOs did not 

necessarily have to be concerned with the stage of the pregnancy as long as the first visit 

was made within 42 days of enrollment. With such incentives, it is possible that the first 

trimester ‘window’ would be missed for many women because a good proportion of low-

income women qualified for Medicaid as a result of pregnancy prior to Medicaid 

expansion. According to the Pregnancy Risk Assessment Survey (PRAMS) for Oregon in 

2011, 21% of women on Medicaid did not get PNC as early as they wanted and many cited 

barriers related to enrollment, finding a provider, or scheduling a visit with a provider as 

reasons for this (OHA, 2014b).  

The results of this study also make the argument for a more holistic definition of 

quality. For instance, it is in the second trimester of pregnancy that women are screened for 

gestational diabetes, and monitoring for other conditions such as hypertension also 

continues. The prompt detection and effective management of these conditions are crucial 

for healthy maternal and infant outcomes, and mothers’ long-term health. The proportion 
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of women with chronic or gestational diabetes, specifically, increased in the current study 

population from the pre- to the post-policy period and similar trends have been reported 

nationally as well (DeSisto, Kim, & Sharma, 2014). Tobacco cessation, stress 

management, and diagnosis and treatment of mild infections are also important services 

that pregnant women can benefit from following prenatal care initiation (Currie & 

Grogger, 2002). Assessment of PNC quality therefore should reflect the content and 

context in which care is delivered (Alexander & Kotelchuck, 2001) as well as the quality 

delivered over the continuum of care. 

The need for more robust quality measures is also underscored by the change in 

eligibility for Medicaid coverage following Medicaid expansion with the ACA. CCOs in 

Oregon and Medicaid providers in other states that have expanded Medicaid are now going 

to be responsible for caring for many women of child-bearing age long before, during and 

long after delivery. In the pre-ACA era, many low-income women only qualified for 

Medicaid coverage while they were pregnant and for around 60 days afterwards. However, 

with Medicaid expansion, women who enroll in Medicaid because of pregnancy are likely 

going to remain Medicaid beneficiaries for much longer and in Oregon, CCOs are going to 

continue to be responsible for the care that these women receive, and be accountable for 

their health outcomes. Also, with Medicaid expansion, CCOs will likely be interfacing 

with more women of child-bearing age, prior to pregnancy. Utilizing healthcare pre-

pregnancy has been shown to be associated with earlier PNC initiation (Liu, Liu, Ye, & Li, 

2006) and specifically for Medicaid, Medicaid coverage in the pre-conceptive period is 

positively associated with early PNC initiation (Rosenberg, Handler, Rankin, Zimbeck, & 
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Adams, 2007). These are positive indications that access to and utilization of PNC services 

could improve for Medicaid beneficiaries in the post-Medicaid expansion era. 

Whereas most studies on the effects of ACOs have focused on quality of care and 

cost, CCO implementation in Oregon provides an opportunity to also look at the impact of 

ACO-type organizations on disparities as well. Not only do women covered by Medicaid 

have lower incomes (by definition), they also have a higher prevalence of risk factors that 

are known to be associated with poor PNC utilization. CCO implementation and other such 

reforms targeting Medicaid, present an opportunity to intervene among a population of 

women at multiple levels of social-disadvantage, and the opportunity to bridge the gap in 

outcomes that are related to social position.  The reduction of insurance-type disparities by 

CCO implementation provides evidence that this is possible and worthwhile. 

Although CCOs have not yet been ‘directly’ tasked with reducing racial-ethnic 

disparities, they are arguably in a position to impact such disparities given that racial-

ethnic minorities are over-represented in Medicaid populations. In the present study, the 

proportions of Hispanic and Black women on Medicaid were almost three times, and two 

times their respective proportions for private insurance. Although racial-ethnic disparities 

have not been the focus of studies on ACOs, some studies have drawn attention to the 

potential role of ACOs and integrated health systems in addressing health disparities. For 

instance, belonging to an integrated health network was shown to reduce racial and ethnic 

disparities in colorectal cancer survival (Rhoads, Patel, Ma, & Schmidt, 2015). Other 

studies have called directly for quality improvement initiatives to take health disparities 

into account (Kessell et al., 2015; Lewis, Larson, McClurg, Boswell, & Fisher, 2012).  
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By paying attention to racial-ethnic disparities, and incorporating relevant 

culturally-sensitive and culturally –competent delivery models, CCOs could further 

improve the quality of care they provide to all groups and also help in reducing racial-

ethnic disparities. For instance, having more bilingual staff, positioning services in 

strategic locations, or exploring service delivery methods (for example; group prenatal care 

models and care coordination) that have been shown to be effective among racial/ethnic 

minorities (N. Hale et al., 2014; Nason, Alexander, Pass, & Bolland, 2003; Tandon et al., 

2013; Thorlby, Jorgensen, Siegel, & Ayanian, 2011). 

 

5.3 Conclusion 

“Prenatal care consists of health promotion, risk assessment, and intervention 

linked to the risks and conditions uncovered. These activities require the cooperative and 

coordinated efforts of the woman, her family, her prenatal care providers, and other 

specialized providers. Prenatal care begins when conception is first considered and 

continues until labor begins. The objectives of prenatal care for the mother, infant, and 

family relate to outcomes through the first year following birth” (Rosen et al., 1991). 

 

Over four million women give birth in the U.S. every year (Hamilton, Martin, 

Osterman, Curtin, & Matthews, 2015) and Medicaid is the payer for PNC and delivery for 

almost half of these births (Markus et al., 2013). With the Medicaid expansion provision 

under the Affordable Care Act, this proportion can only be expected to grow. Medicaid has 

historically played a crucial role in providing and improving access to care for low-income 

pregnant women. Through CCOs, and the other ACO-type models of care which are being 

implemented across the country, Medicaid has an even greater opportunity, and ability to 

influence the quality of care provided to its enrollees by incentivizing high quality of care 

and holding provider organizations accountable to meeting these high standards. The 

results of this study suggest that quality of care for pregnant women, measured by the rate 
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of first trimester PNC initiation, did improve with CCO implementation and existing 

disparities between Medicaid and privately-insured women reduced.  

CCOs have been charged with controlling costs and improving quality of care in 

several domains. The stakes are high and early reports suggest that CCOs are indeed 

moving in the desired direction (McConnell, 2016; OHA, 2016). How CCOs are 

leveraging their unique characteristics and composition in achieving these goals, however, 

remains to be seen (and studied). For instance, partnerships with public health departments 

and mental health providers could play a crucial role in addressing challenges such as 

smoking, substance abuse and intimate partner violence – all of which are associated with 

poor PNC utilization. Screening for mental illness and post-partum depression can also be 

more effective and referrals more prompt and efficient within CCOs. The flexibility that 

CCOs have been afforded in spending their Medicaid dollars also means that they could 

explore alternative PNC models that have been proven to be effective among select groups 

of women. CCOs in more rural areas could also explore the feasibility of utilizing the 

services of non-traditional health care providers for home PNC visits. 

Taken together, the results of this study send a strong message about the 

importance of selecting what quality measures health systems choose to adopt and how 

these quality measures are defined. Quality measures should be holistic in nature and 

should capture the continuum of care, rather than just care episodes. This is particularly 

important for PNC, where one aspect does not necessarily lead to the other. For example, 

initiating PNC early does not guarantee continuity of care through the pregnancy. As such, 

a holistic quality measure for PNC would ideally include timing of initiation, some 

expected number of visits, and screenings for conditions like hypertension, diabetes, and 
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sexually transmitted diseases. Quality measures should also account for existing health 

disparities and reducing such disparities should be incentivized. 

Future studies are needed to assess longer-term impacts of CCOs on quality of PNC 

and associated health outcomes. With Medicaid expansion in 2014, CCOs were faced with 

a huge surge in volume of enrollees. Total Medicaid enrollment in Oregon increased by 

over 400,000 between 2013 and 2015 – a 65% change (Mediciad.gov, 2015). Independent 

analyses are needed to evaluate the impact of these changes on the quality of care provided 

by CCOs, and the financial impacts of such changes. Variation in CCO performance on 

quality matrices, and potential CCO (and CCO membership) characteristics associated 

with quality of care, should also be a focus of future study. Certain health system 

characteristics such as centralization (Chukmaitov, Harless, Bazzoli, Carretta, & 

Siangphoe, 2015) and greater electronic health record abilities (Albright, Lewis, Ross, & 

Colla, 2016) have been linked to better quality of care measures in other studies. 

Ultimately, health system transformation in Oregon aims to improve the health of 

all Oregonians and not just OHP beneficiaries. In the future CCOs are also likely to be held 

accountable for the health of their members as well as the health of their communities. 

From a public health perspective, this would be the ideal outcome, along with reducing 

disparities. Improving overall community health and wellbeing will require the active 

participation of all stakeholders including policy makers, researchers, employers, and 

citizens. The unique relationships between providers, public health departments and 

communities that exist within CCOs, should be seen as an invaluable resource which can 

create a unique platform that can propel discussions of community health promotion 

forward.      
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The US has continued to rank below other industrialized economies in several 

health outcomes including infant mortality and within the US, disparities in birth outcomes 

by race and insurance type have persisted. The current health care environment is ripe for 

innovative reforms that improve quality of care while controlling rising costs. Discussions 

around the quality and costs of care dominate political debates as individuals, employers 

and payers are increasingly expressing dissatisfaction with poor quality of care and rising 

health care costs. At the same time, we have seen a significant growth in ACOs and other 

integrated health delivery models. Published evidence on the short-term impacts of these 

models is mostly positive and it appears that this trend will continue. Once again, Oregon 

is taking the lead in health reform with its Health Systems Transformation and CCO 

implementation. If Oregon is successful and continues to demonstrate that CCOs work, it 

could become a model for other Medicaid programs as well as commercial plans. 
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Appendix A: IRB approval from Oregon Health & Science University 

 
Date: February 1, 2016 

To: Jonathan Snowden, PhD 

From: Kathryn Schuff, MD, MCR, Chair, Institutional Review Board 
Elizabeth Haney, MD, Vice-Chair, Institutional Review Board 
Lynn Marshall, ScD, Vice-Chair, Institutional Review Board 
Penny Hogarth, MD, Vice-Chair, Institutional Review Board 

Kara Manning Drolet, PhD, Associate Director, OHSU Research Integrity Office 

Andrea Johnson, JD, CIP, Assistant Research Integrity Officer, Institutional Review 

Board 

David Holmgren, MS, IRB Manager, Institutional Review Board 

William Hoffman, PhD, MD, VA IRB Co-Chair  

IRB #: IRB00008649 

Study Title: Trends and current practice in obstetrics and perinatal outcomes in Oregon, 1990 - 2011 

Modification ID: MR00047254 

Modification Name: Adding Washington State Data 

Modification Approval 

The above submission was reviewed and approved on 2/1/2016. 

Copies of all approved documents are available in the study's Official Documents list in the eIRB. Any 

additional documents that require an IRB signature (e.g., IIAs, IAAs, DUAs) will be posted when 

signed. If this applies to your study, you will receive a notification when these additional signed 

documents are available. 

 

Ongoing IRB submission requirements: 

z Six to ten weeks before the expiration date, you are to submit a continuing review to request 

continuing approval.  

z Any changes to the project must be submitted for IRB approval prior to 

implementation. z Unanticipated problems and protocol deviations must be 

submitted per OHSU policy.  

z You are required to submit a termination request when your research is completed. 
Guidelines for Study Conduct 

In conducting this study, you are required to follow the guidelines in the document entitled, " Roles 

and Responsibilities in the Conduct of Research and Administration of Sponsored Projects," as well as 

all other applicable OHSU IRB Policies and Procedures. 
Requirements under HIPAA 

If your study involves the collection, use, or disclosure of Protected Health Information (PHI), you 

must comply with all applicable requirements under HIPAA. See the HIPAA and Research website and 

the Information Privacy and Security website for more information. 
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Appendix B: IRB approval from Oregon State University 

 

 

  

The above referenced submission was reviewed by the OSU Institutional Review Board (IRB).    

  

DETERMINATION: IRB REVIEW NOT REQUIRED  

  

The above referenced proposal was reviewed by the OSU Institutional Review Board (IRB) Office.  

The IRB has determined that your project, as submitted,  DOES NOT meet the definition of 

research involving human subjects under the regulations set forth by the Department of Health and 

Human Services 45CFR46.102.  
  

OSU IRB review is not required.  

  

Please note that amendments to this project may impact this determination.  

  

The federal definitions and guidance used to make this determination may be found at the 

following links:  

  

Research  

  

Human Subject  

  

Institutional Engagement  

http://www.hhs.gov/ohrp/humansubjects/guidance/45cfr46.html#46.102(d)
http://www.hhs.gov/ohrp/humansubjects/guidance/45cfr46.html#46.102(d)
http://www.hhs.gov/ohrp/humansubjects/guidance/45cfr46.html#46.102(f)
http://www.hhs.gov/ohrp/humansubjects/guidance/45cfr46.html#46.102(f)
http://www.hhs.gov/ohrp/policy/engage08.html
http://www.hhs.gov/ohrp/policy/engage08.html
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Appendix C: Analysis of randomness of missing information on the number of PNC visits 

and the timing of PNC initiation 

 Missing PNC visits 

Odds Ratio  

(Confidence Interval) 

Missing PNC timing 

Odds Ratio  

(Confidence Interval) 

*Oregon 0.27 (0.27 - 0.28) 0.46 (0.46-0.47) 

**Post_CCO 0.97 (0.94 – 1.00) 0.92 (0.90-0.94) 

***Medicaid 0.88 (0.86 - 0.90) 1.20 (1.18-1.22) 

*Oregon records compared to Washington records 

**Post_CCO represents records from January to December 2013. Odds ratios are 

comparing the odds of missing PNC variables between this time period and the pre-CCO 

period (January 2008 to June 2012). 

***Records from Medicaid-covered births compared to records from privately-insured 

births. 

  



160 

 

Appendix D:  1
st
 and 99

th
 percentile values of predicted probabilities of early PNC 

initiation and PNC adequacy to test for validity of linear regression modelling 

 1
st
 percentile 

of *predicted 

probability 

values of early 

PNC initiation 

 

99
th

 percentile 

of *predicted 

probability 

values of early 

PNC initiation 

 

1
st
 percentile 

of *predicted 

probability 

values of PNC 

adequacy 

 

99
th

 percentile 

of *predicted 

probability 

values of PNC 

adequacy 

 

Research question 
a
1a and 

b
1b 

0.55 0.90 0.40 0.86 

Research question 
c
1c 

0.55 0.90 0.40 0.86 

Research question 
d
1d (White) 

0.59 0.91 0.42 0.87 

Research question 
d
1d (Hispanic) 

0.50 0.89 0.39 0.84 

Research question 
d
1d  (Black) 

0.58 0.89 0.40 0.84 

Research question 
2
2a 

0.61 0.99 0.44 0.96 

Research question 
2.b

2b 

(White/Hispanic) 

.63 1.00 0.45 0.96 

2.bb
Research question 

2b (White/Black) 

0.64 1.00 0.46 0.96 

*All predicted probability values were derived from models adjusting for linear time trend 

(continuous variable representing month), county fixed effects, and individual  covariates 

[maternal age (<35 versus ≥35years old), race/ethnicity, insurance type (Medicaid versus 

private insurance; for the race/ethnicity disparities question), education (≤ 12 years 

versus >12 years of formal education), parity (nulliparous versus multiparous), marital 

status, smoking, previous preterm birth, diabetes (chronic or gestational) and chronic 

hypertension]. 
a
 effect of CCO implementation on the probability of early PNC initiation 

b
 effects of CCO implementation on the probability of PNC adequacy 

c
 time trend of CCO effect on early PNC initiation and PNC adequacy 

d effect of CCO implementation on early PNC initiation stratified by race/ethnicity (White, 

Hispanic, and Black) 
2
 effect of CCO implementation insurance-type disparities in the probabilities of early PNC 

initiation and PNC adequacy 
2.b

 effect of CCO implementation White/Hispanic disparities in the probabilities of early 

PNC initiation and PNC adequacy  
2.bb

  effect of CCO implementation White/Black disparities in the probabilities of early 

PNC initiation and PNC adequacy 
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Appendix E: Results of pairwise correlations to test for multicollinearity between 

regressors and early PNC initiation and PNC adequacy 

 Early PNC initiation PNC Adequacy 

Post_cco 0.02 0.03 

Oregon 0.03 0.09 

Medicaid -0.21 -0.19 

Maternal age>35 0.04 0.04 

>12 years education 0.16 0.16 

Black -0.03 -0.04 

Hispanic -0.08 -0.08 

Asian -0.03 -0.02 

American Indian/Alaska Native -0.03 -0.03 

Other race 0.02 -0.02 

Nulliparous 0.02 0.03 

Married 0.14 0.13 

Smoking -0.07 -0.06 

Previous preterm -0.004 -0.02 

Diabetes Mellitus 0.01 0.02 

Hypertension 0.01 0.01 

 

 

‘pnctrim1’: Early prenatal care initiation; ‘adeqpnc’: prenatal care adequacy 

‘momage_35’: maternal age > 35 years; ‘prevpreterm’: previous preterm birth; ‘dm’: 

Diabetes Mellitus 
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Appendix F: Sensitivity analysis comparing coefficients from linear probability models to 

coefficients from logistic regression models for Research question 1. 
  Early PNC 

Initiation 
∞
β [% points] 

from linear 

probability 

models 

Early PNC 

Initiation 
∞
Odds Ratio 

from logistic 

regression 

models 

PNC 

Adequacy 
∞
β [% points] 

from linear 

probability 

models 

PNC 

Adequacy 
∞
Odds Ratio 

from logistic 

regression 

models 

Research 

question 
a
1a 

and 
b
1b 

*Model 1 2.30 1.14 0.90 1.05 

**Model 2 1.66 1.10 0.02 1.02 

Research 

question 
c
1c 

**Model 2 1.66 1.10 0.02 1.02 

Research 

question 
d
1d 

(White) 

*Model 1 3.47 1.22 2.14 1.12 

**Model 2 2.94 1.19 1.39 1.08 

Research 

question 
d
1d 

(Hispanic) 

*Model 1 0.93 1.06 -1.32 0.97 

**Model 2 0.35 1.03 -2.15 0.93 

Research 

question 
d
1d 

(Black) 

*Model 1 2.73 1.15 4.41 1.21 

**Model 2 1.05 1.06 2.22 1.11 

a
 effect of CCO implementation on the probability of early PNC initiation 

b
 effects of CCO implementation on the probability of PNC adequacy 

c
 time trend of CCO effect on early PNC initiation and PNC adequacy 

d effect of CCO implementation on early PNC initiation stratified by race/ethnicity (White, 

Hispanic, and Black) 
∞
 Estimates for the coefficients of CCO*Post interaction 

*Model 1: Unadjusted model  

**Model 2: Model adjusting for linear time trend (continuous variable representing 

month), county fixed effects, and individual covariates [maternal age (<35 versus ≥35years 

old), race/ethnicity (except for Research question 1d), education (≤ 12 years versus >12 

years of formal education), parity (nulliparous versus multiparous), marital status, 

smoking, previous preterm birth, diabetes (chronic or gestational) and chronic 

hypertension]. 

Analytical sample comprises women in Oregon and Washington covered by Medicaid 

from 2008 – 2013 excluding observations in the transition period (June – December 2012), 

observations missing PNC utilization information, and intended home births. (Analytical 

sample is stratified by race/ethnicity for Research question 1d) 

Bold represents estimates significant at p<.05 
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Appendix G: Sensitivity analysis comparing coefficients from linear probability models to 

coefficients from logistic regression models for Research question 2. 
  Coefficient 

being 

estimated 

Early PNC 

Initiation 

β [% points] 

from linear 

probability 

models 

Early PNC 

Initiation 

Odds Ratio 

from logistic 

regression 

models 

PNC 

Adequacy  

β [% points] 

from linear 

probability 

models 

PNC 

Adequacy  

Odds Ratio 

from logistic 

regression 

models 

Research 

question 
2
2a 

*Model 1 CCO*Post

* Medicaid 
4.16 1.37 3.77 1.23 

**Model 

2 

CCO*Post

* Medicaid 
3.57 1.32 2.97 1.19 

Research 

question 
2.b

2b 

(White/Hispanic) 

*Model 1 CCO*Post

* Hispanic 

0.08 1.00 -0.69 0.99 

**Model 

2 

CCO*Post

* Hispanic 

-0.02 1.00 -0.80 0.98 

Research 

question 
2.bb

 2b 

(White/Black) 

*Model 1 CCO*Post

* Black 

2.46 1.13 5.15 1.26 

**Model 

2 

CCO*Post

* Black 

1.15 1.05 3.31 1.16 

 

2
 effect of CCO implementation insurance-type disparities in the probabilities of early PNC 

initiation and PNC adequacy 
2.b

 effect of CCO implementation White/Hispanic disparities in the probabilities of early 

PNC initiation and PNC adequacy  
2.bb

  effect of CCO implementation White/Black disparities in the probabilities of early 

PNC initiation and PNC adequacy 

*Model 1: Unadjusted model 

**Model 2: Model adjusting for linear time trend (continuous variable representing 

month), county fixed effects, and individual covariates [maternal age (<35 versus ≥35years 

old), race/ethnicity (for research question 2a), education (≤ 12 years versus >12 years of 

formal education), insurance type (Medicaid versus private insurance for research question 

2b), parity (nulliparous versus multiparous), marital status, smoking, previous preterm 

birth, diabetes (chronic or gestational) and chronic hypertension]. 

Bold represents estimates significant at p<.05 
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