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ABSTRACT 

 

In the United States metrics of perinatal health lag far behind peer countries and is 

characterized by stark disparities. The studies that make up this dissertation seek to 

elucidate factors influencing perinatal health.  

The first and second chapters provide an introduction and extensive review of the 

literature of factors contributing to perinatal health with specific focus on discrimination 

and perinatal health; group prenatal care and digital pregnancy health information. The 

third chapter introduces the methodology to be used by each of the following studies. 

Subsequent chapters are formatted as individual manuscripts, each presenting 

background, methodology, results, and discussion.  

The fourth chapter (Manuscript 1) sought to explore pregnant persons 

intersectional experience of discrimination and the association with adverse perinatal 

health outcomes. This study was a secondary analysis of data collected in a randomized 

controlled trial of pregnant persons at a single practice (CRADLE study). Latent class 

analysis was used to identify distinct subgroups of discrimination experience based on 

patterns of response to Everyday Discrimination Scale items and between subgroup 

differences in rate of adverse perinatal health outcomes examined utilizing a BCH three-

step approach. Four discrimination subgroups were identified among racial and ethnic 

groups. The general discrimination latent class was associated with elevated risk of 

postpartum depression symptoms (among Black and White participants) and low infant 

birthweight (among White participants) relative to the no discrimination latent class. No 

significant subgroup differences were observed among Hispanic participants. Findings 
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demonstrate the importance of intersectional discrimination exposure in shaping perinatal 

health.  

The fifth chapter (Manuscript 2) applied a concurrent mixed methods approach in the 

examination of patient characteristics associated with group prenatal care and the 

exploration of patient experiences in group compared to individual prenatal care. This 

study was a secondary analysis of data collected in the CRADLE study, as well as patient 

interviews collected in a coordinated process evaluation. The association of patient 

sociodemographic, psychosocial and health characteristics with group prenatal care 

session attendance were examined using zero-inflated poison regression models. 

Thematic analysis of patient interviews was conducted. Varied patient characteristics 

were found to be associated with session attendance. Group prenatal care was identified 

to offer alternative opportunities for education, engagement, and peer support. Findings 

offer insight into model modifications, recruitment, and retention strategies.  

The sixth chapter (Manuscript 3) utilized topic modeling to describe topics of discussion 

in online pregnancy forums. Data was gathered from three active online pregnancy 

forums for a one-year period. Discussion threads were processed, converted to a 

document term matrix and Latent Dirichlet Allocation performed. Forty-six percent of 

threads were determined to be health related. The largest health-related topic categories 

included fertility, planning for delivery, miscarriage and pregnancy symptoms. Findings 

offer insight into dominant health related topics being discussed among online peer 

communities, potentially reflecting unmet information needs during pregnancy.  
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CHAPTER ONE 

INTRODUCTION 

Perinatal Health in the United States 

Measurement of infant and maternal death is a key component of perinatal health 

surveillance, related to maternal, fetal, and infant health and wellbeing. Infant mortality rate 

(IMR) a measurement of infant deaths prior to their first birthday and maternal mortality rate 

(MMR) a measurement of death due to complications from pregnancy or childbirth. IMR and 

MMR considered primary indicators of overall population heath and health care delivery 

quality.1 Over the past decades IMR in the United States (US) has improved, declining 17% 

since 2005.2 In 2020, the US’s IMR reached a new low of 5.4 infant deaths per 1,000 live births.3 

Despite this improvement, the IMR in the US continues to lag far behind other developed 

nations, ranking 34th out of the 44 Organization of Economic Co-operation and Development 

(OECD) countries.4 Over this same period, US MMR has not seen a similar decline. Since the 

pregnancy mortality surveillance systems inception in 1987, the MMR has steadily risen, 

increasing 58% since 1990.56 In 2020, MMR in the US was 23.8 deaths per 100,000 live births.7 

In a comparison by the Commonwealth Fund, MMR in the US was found to be double that of the 

ten high-income countries in which it was compared.8 

Infant and maternal mortality in the US is characterized by large racial and ethnic 

inequities, that have persisted, widening over time.9,10 While IMR has declined across all races, 

infants of non-Hispanic Black birthing persons die at twice the rate of infants of non-Hispanic 

white birthing persons.11 The MMR of Non-Hispanic Black birthing persons is three times that 

of non-Hispanic white birthing persons.7 Despite significant investment, IMR and MMR in the 

US remains unacceptably high, with the burden of loss disproportionally affecting Black birthing 
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persons and infants. There is a need for research to advance our understanding of the complex 

issues contributing to the US’s relatively poor perinatal health and to generate effective 

interventions to decrease health disparities and reduce infant and maternal mortality rates to a 

level similar to those reported in peer countries.  

Dissertation Purpose   

The empirical studies that make up this dissertation seek to elucidate factors influencing 

perinatal health in the US. The knowledge gained through these studies is intended to provide 

evidence to assist the health system and clinicians in supporting pregnant and postpartum 

patients. At the forefront of these studies is attention to social determinants of health for birthing 

persons and infants. This dissertation is composed of three manuscripts focusing on 1) maternal 

discrimination experiences (manuscript one), 2) an innovative prenatal care model (Manuscript 

two), and 3) topics discussed online among pregnancy communities (manuscript three). The 

following sections provide an overview of the rationale and design of each of these studies, 

followed by study aims and layout of subsequent chapters.  

Manuscript 1: The Impact of Discrimination on Perinatal health  

Race is increasingly recognized as a proxy for life experiences of structural and 

interpersonal racism. Studies of genetic variation provide little evidence of innate biological 

differences as the basis of racial and ethnic disparities in perinatal health.12,13 A life course 

perspective of maternal and child health suggests birth outcomes are influenced by socially 

patterned exposures to risk and protective factors not just in the nine months of pregnancy, but 

cumulatively and at sensitive life stages across the life span.14 A large and growing body of 

research documents the negative effect of discrimination on health.15,16 Heightened lifetime 

exposure to the stressor of persistent discrimination experienced by Black birthing persons may 
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result in worsened birth outcomes.17 A review of studies examining the impact of maternal 

discrimination on perinatal health, suggests maternal experiences of interpersonal discrimination 

at least partially account for racial disparities in birth outcomes.18,19 This research has largely 

been limited by a focus on a single form of discrimination, most commonly racial 

discrimination.2316 The tendency to measure racism exclusively as the single factor contributing 

to poor perinatal health outcomes may neglect nuances in the discrimination experience of Black 

birthing persons and potentially underestimates the overall impact of discrimination on perinatal 

health.20 

There is a need for research addressing individuals’ simultaneous occupancy of multiple 

social categories of oppression or privilege.21 An intersectional perspective recognizes 

inequalities cannot be fully understood in isolation but rather are the outcome of multiple 

intersecting social identities and systems of oppression.22,23 Previous application of an 

intersectional perspective that considers the meaning and consequences of multiple social 

categories simultaneously has been challenging in quantitative analysis, but recent advances in 

statistical methods offer novel opportunities.24 

The first manuscript of this dissertation applies an innovative quantitative approach to the 

examination of maternal discrimination experiences. Data from a large, randomized controlled 

trial (RCT) of low-income patients receiving prenatal care at a community clinic were 

analyzed.25 Using the person-centered method of latent class analysis, patients were classified by 

multifaceted reports of discrimination, thereby better capturing birthing persons intersectional 

experience of discrimination. Discrimination profiles were formed based on participants report of 

the frequency of discrimination experienced in their day-to-day life, experience of discrimination 

in prenatal care and the identify characteristics in which the discrimination was attributed 
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including gender, race, skin color or ethnicity, sexual orientation, age, ancestry, national origin 

or immigration status, language, religion, weight or some other aspects of physical appearance, 

insurance or Medicaid status, education, income level and being pregnant.26,27 The association of 

latent class designations with adverse neonatal and maternal birth outcomes were then explored 

using multivariate regression.  

Manuscript 2: A Promising Alternative Model of Prenatal Care 

A life course approach suggests a reduction in black-white birth outcome disparities 

requires the promotion of quality health care across the lifespan, enhancement of family and 

community systems and for underlying structural inequities to be addressed.28 Enhancing the 

quality of prenatal care is one component of the life course strategy to reduce racial disparities in 

perinatal health. Prenatal care is vitally important in both the continuum of maternal health care 

and as the beginning of a child’s developmental trajectory.28 One promising strategy to enhance 

the quality of prenatal care is the alternative care model of group prenatal care (GPNC).29  

GPNC is an innovative model of prenatal care, that integrates clinical assessment with 

extensive health education and socialization within a group of patients with similar due dates. 

GPNC is one of the few clinical interventions to show potential for reducing black-white birth 

outcome disparities.30 While promising, evidence of GPNC’s benefit over and above individual 

prenatal care (IPNC) is mixed.31,32 Despite early randomized control trials (RCTs) and 

observational studies including large, matched cohort study findings that GPNC is associated 

with a reduced risk in adverse birth outcomes, recent metanalyses of GPNC RCTs find the effect 

of GPNC is similar to and no worse than IPNC.33,34 Selection bias in observational studies in 

which participants are not randomized to care, may account for this discrepancy, suggesting that 
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it is something about the patients who choose to participate in GPNC that leads to enhanced 

effects, such as an enhanced motivation for change.35,36 

The theoretical framework of how GPNC may lead to improved perinatal health is not yet 

clear, though studies suggest GPNC offers enhanced education, patient-provider communication 

and social support, as well as reductions in stress.37 It’s hypothesized that GPNC is a good option 

for some but not all patients and that GPNC may offer the greatest benefit for those that are most 

vulnerable.37,38 Some studies have found Black pregnant persons and those with high 

psychosocial risk demonstrate more benefit from participation in group prenatal care.39,40 Despite 

these hypotheses, there is limited evidence as to what patients select and attend GPNC, with 

available studies producing inconsistent findings.41,42,43,44,45,46,47 Previous studies have been 

limited by a focus on hypothetical interest in participation prior to GPNC implementation within 

the practice or a blunt measure of GPNC attendance. Additionally, studies have been primarily 

quantitative in nature and have not involved an in-depth analysis of patient perceptions. 

To address this gap, the second manuscript in this dissertation utilized a concurrent mixed 

methods study design to investigate what patients participate in GPNC and why? Data from the 

Centering and Racial Disparities (CRADLE) study a large RCT comparing GPNC to IPNC 

among an underserved clinic population was analyzed.25 The CRADLE study offers a large and 

racially diverse sample of patients, randomly assigned to attend GPNC in a practice with an 

established GPNC program. Multivariate logistic regression models were used to determine 

sociodemographic, psychosocial and health characteristics associated with attendance in GPNC 

as assigned. GPNC attendance was captured as the percentage of eligible GPNC sessions 

attended across three timeframes during pregnancy. A coinciding analysis of semi-structured 

patient Interviews took place. Serial interviews conducted among a convenience sample of trial 
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patients assigned to GPNC and IPNC were qualitatively analyzed using applied thematic 

analysis, exploring patient perceptions of match between patient and prenatal care model factors.   

Manuscript 3: Health Information Online 

 In addition to participating in offline pregnancy groups such as in GPNC, pregnant 

persons access online discussion forums where pregnancy-related topics are discussed. In the 

past decades the internet has increasingly emerged as a source of health information during 

pregnancy.48 When searching for pregnancy information on the internet users frequently come 

into contact with online discussion forms.49 Online forums related to pregnancy allow users to 

communicate remotely with peers, posting comments, providing responses and viewing the 

conversations of others at any time of day. During pregnancy, patients report using the internet to 

fulfill unmet information and support needs, commonly supplementing care provided by health 

care professionals.50,51,52 While online pregnancy forums are commonly utilized as a source of 

information and support during pregnancy, there is concern over the accuracy of information 

shared in peer channels.53 Understanding what information pregnant patients seek online is 

important, as information found online has real world implications on patients pregnancy related 

decision making.51 

The archival nature and constant content generated in online pregnancy forums, provides a 

vast and diverse range of user generated content for analysis, without need for intrusive or 

intensive data collection procedures. These methods may capture populations who would not 

otherwise participate in research.54 Previous analysis of online pregnancy forums have varied 

greatly in their aim and samples of interest but as a whole have primarily employed qualitative 

methods of analysis. While capturing contextual complexity, the intensive nature of qualitative 

analysis often precludes examination of large datasets, such as are available in online forums.55 
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Natural language processing leverages machine learning to analyze large amounts of text data 

quickly.56 Frameworks combining natural language processing techniques with qualitative 

analysis allow researchers to embrace the volume and diversity of online content.57 

 The third manuscript of this dissertation utilizes the natural language processing technique 

of topic modeling to explore discussions in online pregnancy forums. User generated content was 

extracted over a one-year period from three popular online pregnancy forums (thebump.com, 

Whattoexpect.com and babycenter.com). Latent Dirichlet Allocation (LDA) topic modeling was 

used to organize content into topics based on word co-occurrence, uncovering prevalent themes 

of discussion.58 Further, the summary of prevalent themes in online pregnancy forums were 

categorized based on whether they related to health.  

Dissertation Aims  

The specific aims of this dissertation are as follows:  

Manuscript 1. 

Specific Aim 1a. Utilizing an intersectional approach, examine whether pregnant patients can be 

classified based on multifaceted discrimination experiences through latent class analysis.  

Specific Aim 1b. Explore the association of latent discrimination classifications with risk of 

adverse maternal and neonatal birth outcomes through multivariate logistic regression.  

Manuscript 2.  

Specific Aim 2a. Investigate whether GPNC attendance differs by patient sociodemographic, 

psychosocial and health characteristics through quantitative analysis of patient surveys and EMR 

data.  
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Specific Aim 2b. Compare patient perceptions of care and the match between prenatal care 

services received and patient needs among patients receiving IPNC and GPNC though qualitative 

analysis of patient interviews.  

Manuscript 3. 

Specific Aim 3a. Explore prevalent topics of discussion in three popular online pregnancy 

forums through topic modeling.  

Dissertation Organization 

This dissertation is organized into seven chapters. Following this introduction there is an 

extensive review of literature (chapter 2) and a description of the methods utilized in each study 

(chapter 3). The three distinct studies composing this dissertation are presented in chapters 4-6. 

Chapter 4 describes the quantitative analysis of pregnant persons discrimination experiences and 

the association with adverse birth outcomes. Chapter 5 reports the mixed methods study of 

characteristics associated with participation in GPNC and factors contributing to a patient-care 

match. Chapter 6 presents the text mining analysis of user generated content on popular online 

pregnancy forums. Following the presentation of each study individually, the three studies are 

discussed together, and contributions, limitations and further research directions considered 

(Chapter 7). Accompanying tables and figures are presented at the end of each chapter and 

supplementary materials included in the appendices.  
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CHAPTER TWO 

LITERATURE REVEIW 

Chapter Overview 

This chapter will provide a comprehensive overview of previous research pertinent to the 

three individual research manuscripts included within this dissertation. First, information on the 

state of perinatal health in the United States will be reviewed. Then explanations for the stark 

racial disparities in perinatal health outcomes will be discussed, with a focus on the link between 

exposure to discrimination and worsened health. Findings of previous studies examining the 

association between discrimination and adverse birth outcomes will then be summarized and 

gaps in the literature alluded to (Manuscript One). Next, details on an alternative model of 

prenatal care: group prenatal care (GPNC) will be given. Findings of randomized controlled trial 

and observational studies of GPNC effectiveness will then be reviewed and rationale for 

examining patient characteristics associated with GPNC attendance given (Manuscript Two). 

Finally, use of the internet for health information in pregnancy will be considered including the 

utility of analyzing online content generated by pregnant persons. Previous research examining 

user generated content in online pregnancy forums will be summarized and a innovative 

technique for analysis discussed (Manuscript 2). The chapter will close with a brief overview of 

manuscript objectives.  

The State of Perinatal Health 

Infant Mortality and Morbidity in the United States  

Infant mortality rate (IMR) is defined as the number of children who die prior to their 

first birthday per every 1,000 live births.1 IMR is considered a key marker of national health, as 

it reflects several important health indicators including maternal health, access to health care and 
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public health practices.2 IMR in the United States (US) has declined considerably over the past 

several decades, decreasing from a recent high of 6.9 in 2005 to 5.4 deaths per 1,000 live births 

in 2020.34 The leading causes of death in children under the age of one in the US are congenital 

malformations, preterm birth and low birth weight, sudden infant death syndrome (SIDS), 

unintentional injuries, and maternal pregnancy complications.1 

Infant Mortality Rate in Peer Countries  

Despite marked improvement, IMR in the US lags far behind other industrialized 

countries. The US ranks 34th out of the 44 Organization for Economic Cooperation and 

Development (OECD) countries, which on average have an IMR of 4.1 deaths per 1,000 live 

births.5 The US’s unfavorable ranking is made more striking considering health care spending in 

the US is twice that of any other nation.6 The US’s poor ranking is attributed to elevated rates of 

preterm birth (infants born at <37 week gestational age) and associated delivery of low birth 

weight infants (<2,500 g) compared with European nations.2 While mortality rates in very 

preterm infants (24-31 weeks gestational age) are comparable to most European countries, the 

comparison becomes more disparate as gestational age increases. Among infants delivered 

between 32 and 36 weeks, mortality rates in the US are higher than all comparison European 

countries.7 

Infant Mortality by Race and Ethnicity   

IMR in the US is improving at a slower rate than peer nations and not all races or 

ethnicities have benefited equally from improvements. Between 2005 and 2014, IMR declined 

21% for infants of Asian or Pacific Islander (from 4.9 to 3.9), 20% for infants of non-Hispanic 

Black (from 13.6 to 10.9), 15% for infants of non-Hispanic White (from 5.8 to 4.9) and 11% for 

infants of Hispanic mothers (from 5.6 to 5.0).3 Racial and ethnic disparities in IMR have 
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persisted and even increased over time, such that the relative gap in IMR across racial and ethnic 

groups is wider today than it was in the 1950s.8 In the US, Infants of Non-Hispanic Black 

mothers have the highest IMR of any race or ethnicity. Infants of Black mothers die at almost 

twice the rate of infants of non-Hispanic White mothers.9 Mortality rates are higher for all 

leading causes of death in the first year of life. Over half the Black-White disparity in IMR is 

attributed to differential rates of preterm birth. Infants of non-Hispanic Black mothers are three 

times more likely to experience prematurity related infant mortality than infants of non-Hispanic 

White mothers. Wide racial and ethnic disparities in IMRs, particularly between infants of non-

Hispanic Black and non-Hispanic White mothers, suggest not all groups have benefited equally 

from social and medical advances.2 

Consequences of Preterm Birth  

Preterm birth is associated with lasting health consequences that perpetuate racial 

disparities in health and socioeconomic status across the life span. Infants born prematurely have 

an increased risk of developing long term respiratory, cardiovascular, gastrointestinal, 

neurodevelopmental and emotional conditions.10 They experience higher rates of cerebral palsy, 

visual and auditory deficits, intellectual impairment and developmental lags.11 Premature infants 

are more likely to develop attention deficit disorder, anxiety and depression.12,13 Increased risk of 

disability persists into adulthood, with adults born preterm having higher insulin resistance, 

glucose intolerance and blood pressure than those born at term.14,15 Preterm birth is also 

associated with worsened functional achievement including lower educational attainment, greater 

unemployment and lower income levels compared to full term peers.1617 

Cost of Neonatal Morbidity  
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Health consequences associated with preterm birth and other neonatal morbidities result 

in substantial costs to the health sector, as well as burdens on education and social services.18 

The Institute of Medicine estimates an excess of $26 billion or $51,600 per infant is associated 

with preterm birth annually in the US.19 To date this estimate is the most comprehensive measure 

of the cost of preterm birth in the US. It includes maternal delivery costs, medical care and early 

intervention costs up to age five and disability specific lifetime medical costs for select 

disabilities associated with preterm birth, yet it still likely underestimates the true cost of preterm 

birth on society.20  

Maternal Mortality and Morbidity in the United States  

Maternal mortality and morbidly metrics provide the companion piece in the narrative of 

birth outcomes in the US. Pregnancy-related deaths (PRDs) are the death of a birthing person 

while pregnant or within one year of the end of pregnancy per 100,000 live births.21 Nearly 31% 

of PRDs occur prior to delivery, 56% occur during labor or within the first six weeks postpartum 

and another 13% occur between six weeks and one year postpartum.22 Cardiovascular conditions, 

other non-cardiovascular medical conditions and infection are the leading causes of PRDs in the 

US.23  

For every individual who dies as a result of pregnancy, a hundred more experience life-

threatening health complications related to pregnancy.24 Severe maternal morbidity (SMM) is 

defined as life-threatening complications of labor and delivery that result in short- and long-term 

health consequences calculated per 10,000 deliveries.25  SMM are identified using administrative 

hospital discharge data and international classification of disease (ICD) codes, with 21 codes 

classified as indicating SMM. Leading indicators of SMM include blood transfusion, 
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hysterectomy, disseminated intravascular coagulation, adult respiratory distress syndrome and 

acute renal failure.26 

While IMR has slowly but steadily improved in the US over the past decades, rates of 

maternal mortality have not seen a similar decline. Since the pregnancy mortality surveillance 

system (PMSS)’s inception in 1987 the rate of PRDs has risen from 7.2 deaths per 100,000 live 

births to 23.8 deaths as of 2020.27,28 Approximately 700 birthing persons in the US die each year 

due to pregnancy or delivery related complications, more than half of these deaths are through to 

be preventable.21  

Rates of SMM have risen over the same period, increasing from 60 to 160 birthing 

persons with SMM per 10,000 delivery hospitalizations.29 More than 50,000 birthing persons in 

the US are affected by SMM each year. These figures include only obstetric complication 

occurring during labor and birth, and do not illustrate the many other health problems that are 

common during pregnancy and postpartum.25  

Maternal Morbidity and Mortality in Peer Countries  

As is the case with IMR, the US remains an outlier among similar nations in its high rates 

of maternal mortality and morbidity. Globally rates of maternal morality have declined, dropping 

35% from the estimated 451,000 maternal deaths in 2000 to 295,000 maternal deaths in 2017. 

The global maternal mortality rate has on average declined 2.9% every year between 2000 and 

2017. The greatest reduction has been observed in low-income countries where the maternal 

mortality rate was extremely high, whereas in regions where the MMR was already relatively 

low less reduction was observed. In Europe, the maternal mortality rate declined by more than 

53% between 2000 and 2017. The reverse was observed in the US, maternal mortality rate 

increased by 52% over the same period.30 The US is the only developed nation that has 
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experienced an increase in maternal mortality rates in recent years. Rates of maternal mortality in 

the US is more than double that of other high-income countries. For example the maternal 

mortality rate in Australia was 4.8 deaths, the United Kingdom was 6.5 deaths and Canada is 8.6 

deaths in 2017 compared to 17.4 deaths per 100,000 live births in the US.31 

Reasons for Rising Maternal Mortality and Morbidity  

Reasons for the rising maternal mortality and morbidity in the US are likely 

multifactorial. Rising rates likely reflect improvements in PRD and SSM identification due to the 

creation of dedicated monitoring systems and computerized data linkage.27 Increases in certain 

pregnancy complications and risk factors, including rates of multiple births, cesarian delivery, 

delivery at a gestational age less than 34 weeks, obesity and older age also likely contribute to 

rising rates, as well as increased prevalence of pre-existing chronic diseases among pregnant 

persons. 29,32,33,34 In addition to shifts in delivery practices and population health, legislative 

changes including state level adoption of abortion restrictions may contribute to increased rates 

of maternal mortality.35,36 Alongside rising rates of maternal mortality and morbidity in the US, 

there has been widening gaps between subgroups.  

Maternal Morbidity and Mortality by Race and Ethnicity  

As is the case infant mortality, significant racial and ethnic disparities in maternal 

mortality and morbidity exist in the US.37,23 Non-Hispanic Black birthing persons are more than 

three times as likely to die a PRD and are more than twice as likely to experience SMM than 

non-Hispanic White.22 While delivery complications occur at similar rates among non-Hispanic 

Black and non-Hispanic White patients, non-Hispanic Black birthing persons experience 2 to 3 

times higher case-fatality for the same complications.38 Racial disparities in the prevalence of 

preexisting chronic disease have also widened over time.39 Disparate rates of chronic diseases 
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likely contribute to the stark racial and ethnic disparity in pregnancy-related morbidity and 

mortality, disproportionally burdening non-Hispanic Black birthing persons.40 

Cost of Maternal Morbidity   

Maternal mortality and morbidity carry substantial health care costs. The average cost of 

delivery with SMM is nearly double that of delivery without SMM. 41 Over a five-year period, 

deliveries with SMM were estimated to cost an excess of $83 million in New York City 

hospitals. While striking, this figure likely far underestimates the health care costs of SMM as 

costs accrued outside of the delivery hospitalization are not included. Birthing persons with 

SMM are more than twice as likely to experience hospital readmissions compared to those 

without SMM.42 Accounting for physician and SMM related readmission costs increases cost 

estimates of SMM by more than 70%.43  

Explanations for Black-White Disparities  

Understanding the mechanisms promoting and maintaining racial disparities in adverse 

birth outcomes is vital to the implementation of evidence-based strategies for change. Historic 

explanations focusing on genetics, socioeconomic status, health behaviors and access to care 

have failed to sufficiently account for the magnitude of racial disparities in birth outcomes.44,45 

Genetics. As genetic sciences have improved, race has come to be understood largely as 

a social construct.46 Biometric genetic models suggest genetics are not a leading contributor to 

racial disparities in adverse birth outcomes, rather the association between race and birth 

outcomes is likely due to environmental factors.47 The role of the environment is highlighted in 

studies comparing birth outcomes among US and foreign-born Black pregnant persons.48,49  

Foreign-born Black pregnant persons are found to have more favorable birth outcomes than 

Black pregnant persons born in the US, despite foreign born pregnant persons typically being of 
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lower socioeconomic status. The protective benefits of being foreign born dissipate in future 

generations.50 These findings implicate the role of growing up Black in the US rather than innate 

biological differences in producing the Black-White gap in birth outcomes.  

Income and Education. As in the case of genetics, greater poverty among Black families 

does not sufficiently account for Black-White disparity in birth outcomes. While non-Hispanic 

White pregnant persons experience protective benefits against adverse birth outcomes with 

increased socioeconomic status, non-Hispanic Black pregnant persons experience no such 

benefits.51 Racial disparities persist across education and income levels.52 In fact, the largest 

Black-White racial disparities are observed among upper middle-class pregnant persons. Non-

Hispanic Black birthing persons with graduate degrees have higher rates of SMM than non-

Hispanic White birthing persons who never graduated high school.53,41 Socioeconomic status is 

estimated to account for only about 20% of the racial difference in preterm birth and low birth 

weight.54  

Health Behavior and Health Care Access. Difference in health behavior and health 

care access by race also fail to fully account for racial disparities in birth outcomes. Many of the 

risk factors for adverse birth outcomes (e.g. education, cigarette smoking, substance use, 

housing, mental health) are found to be more common among low income White pregnant 

persons than Black, yet still adverse birth outcomes are substantially more common among Black 

pregnant persons.55 Among members of the military a group within the US where access to 

health care is equal across races, racial disparities in birth outcomes are attenuated but not 

eliminated. When receiving equal access to health care non-Hispanic Black military members 

still have an increased risk for preterm birth and low birth weight compared to their non-

Hispanic White peers.56 The failure of genetics, socioeconomic status, health behaviors and 



 22 

health care access to sufficiently account for existing racial disparities in birth outcomes, has led 

many to adopt a wider view of the issue. 

A life Course Perspective. A life course perspective considers life not as disconnected 

stages but as an integrated continuum, recognizing the influence of prior stages on those that 

follow. It provides a longitudinal account of the interactions between biological, behavioral, 

psychological, social, and environmental factors across the life span in the production of health.57 

The life course perspective integrates longitudinal models of early programing and cumulative 

pathways.58 Through a life course approach, birth outcomes are conceptualized as the product of 

not only the nine months of pregnancy, but also the mother’s life leading up to conception. 

Factors such as socioeconomic status, housing, education, social support, and discrimination are 

framed as risk or protective exposures. Racial disparities in birth outcomes are attributed to 

differential exposures during pregnancy, as well as in prior life stages.59 A life course perspective 

is consistent with theories of allostatic load and “weathering”.  

Allostatic Load. Allostatic load describes the wear and tear on the body that occurs in 

response to external stressors and produces ill health.60 Allostasis is the adaptive process of 

maintaining homeostasis in the body in response to environmental stressors. Stress responses 

involve activation of the hypothalamic pituitary adrenal (HPA) axis, elevated blood pressure and 

glucose production, as well as altered immune system activity in preparation of going into “fight 

or flight” mode. Repeated and sustained activation of stress responses disrupt immune system 

balance leading to inflammation and a reduced ability to manage future exposure to stressors.44 

Elevated allostatic load is associated with risk of adverse birth outcomes including preterm birth, 

low birth weight, and preeclampsia.61,62,63 Non-Hispanic Black persons have been found to have 

the highest allostatic load scores of all demographic groups.64 When applied to birth outcomes, 
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the theory of allostatic load suggests stress from repeated experiences of structural inequalities 

and interpersonal discrimination contribute to metabolic conditions that exacerbate non-Hispanic 

Black birthing persons’ risk of adverse birth outcomes. This theory is aligned with the concept of 

“weathering”.  

Weathering. The theory of “weathering” is aligned with the concept of allostatic load, 

and posits that the cumulative impact of heightened stressors within marginalized communities 

result in accelerated aging and earlier onset of adverse health conditions, through complex 

mechanisms.65 Advanced biological weathering among Black persons compared to their White 

counterparts of the same age provides an explanation for racial disparities in birth outcomes.47 

Black persons’ allostatic load scores are higher than White at all ages and widen with additional 

years of age.66 When telomere length (a biomarker of cellular aging) is measured, Black persons 

are biologically seven and a half years older than White of the same chronological age, with 

racial differences in health deterioration evident across socioeconomic status.67 Theories of 

allostatic load and weathering provide plausible biological mechanisms for the paradoxical 

findings that wealth and educational attainment do not buffer persons of color against risk of 

adverse maternal and infant outcomes.63 

Discrimination and Perinatal Health (Manuscript One) 

Discrimination as a Stressor   

Discrimination has been defined as “a socially structured and sanctioned phenomenon, 

justified by ideology and expressed in interactions among and between individuals and 

institutions, that maintains privileges for members of dominant groups at the cost of deprivation 

for others.”68 Discrimination is enacted at multiple levels.69 Individual or interpersonal 

discrimination occurs in encounters between individuals in which the disadvantaged individual is 



 24 

acted upon differentially based on their identity. Interpersonal discrimination can be action or 

inaction that is intentional or unintentional. Interpersonal discrimination manifests in a plethora 

of ways including “lack of respect, suspicion, devaluation scapegoating and dehumanization”.70 

Discrimination is also enacted at structural or systematic level, whereby macro-level conditions 

limit the opportunities, resources, and well-being of oppressed groups. It is through structural 

and institutionalized discrimination that oppression becomes normalized and at times legalized 

or codified within the customs and practices of systems and institutions. Structural 

discrimination encompasses the manners in which societies reinforce unequal social structures 

including policy, housing, education, employment, media, health care and criminal justice.71 

Exposure to discrimination is primarily conceptualized as a psychological and physiological 

stressor, that influences health over time through repeated activation of stress responses. 

Exposure to discrimination is also thought to affect health through motivating increased 

engagement in behaviors that while momentarily adaptive are damaging to health long-term.72 

Discrimination and Health Disparities  

While the current paper focuses on racial disparities in maternal child health, substantial 

inequity exists in the US for wider health care access, care quality received and a litany of health 

outcomes for which socially disadvantaged racial populations have poorer health than White.73 A 

large and growing body of research suggests experiences of discrimination have negative health 

consequences that may at least partially account for racial disparities in health. Experiences of 

discrimination have been associated with adverse general health, poor mental health (including 

anxiety and depression symptoms, psychological distress and risk of psychiatric disorders), poor 

physical health (including cardiovascular disease, hypertension, diabetes and respiratory 

conditions), pre-clinical indicators of disease (including cortisol, blood pressure, intramedial 
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thickness and inflammation), greater risky health behaviors and fewer health-promoting 

activities (including smoking cigarettes, alcohol consumption, drug use and diminished sleep 

quality).74 Evidence linking discrimination to health is most robust surrounding mental health 

and health behaviors, while findings demonstrating a relationship between discrimination and 

physical health outcomes are less consistent.71,75 Studies have primarily examined race and 

ethnicity based discrimination, with less research focused on discrimination based on other 

identity characteristics (e.g. gender, sexual orientation, age etc.). Research has largely focused 

measuring discrimination at the individual level rather than systematic or institutional 

discrimination, though studies of this nature are growing.71 

A Review of Discrimination and Adverse Birth Outcomes 

A number of studies have been conducted examining the impact of maternal experience 

of discrimination on perinatal health outcomes. Literature investigating the relationship between 

interpersonal maternal discrimination and adverse maternal and neonatal birth outcomes will be 

reviewed. This review will build upon Larrabee Sondurlund et al.’s systematic review of 

literature published prior to 2021.76 Larrabee Sonderlund et al.’s review follows three prior 

reviews of literature in this area.77,78,79 While previous reviews reported mixed findings, in their 

updated review Larrabee Sonderlund et al. suggests the literature provides overwhelming support 

for the conclusion maternal experiences of interpersonal discrimination are associated with 

increased risk of adverse pregnancy outcomes.  

The extent of research investigating the relationship between maternal discrimination and 

Black-White birth outcome disparities in the US will be reviewed. Relevant articles from 

Larrabee Sonderlund et al.’s reference list, as well as available research published following 

December 2020 will be eligible for inclusion A search was executed in the Web of Knowledge 
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and Medline databases for available articles published from 2021 to present. Search terms 

utilized included: “Pregnant” OR “Pregnancy” OR “maternal” OR “perinatal” AND 

“Discrimination” OR “prejudice” OR “stereotype “ OR “stigma” OR “racism” OR “unfair 

treatment” OR “sexism” OR “ageism” OR “weight prejudice” OR “weight stigma” OR 

“disability stigma” AND “Birth” OR “Birth outcomes” OR “preterm birth” OR “premature 

birth” OR “birth weight” OR “low birth weight” OR “small for gestational age” OR “neonatal 

outcomes” OR “miscarriage” OR “stillbirth” OR “maternal outcomes” OR “pregnancy 

Complications”. In keeping with Larrabee Sonderlund et al., articles were included for review if 

they reported on the relationship between maternal experiences of interpersonal discrimination 

and birth outcomes, were in English, reported quantitative results, had undergone scientific peer 

review and if full text was available. Additionally, only articles conducted in the US that involve 

African American or Black pregnant persons were included for review, in keeping with a focus 

on understanding the persisting Black-White gap in outcomes in the US.  

Structural Discrimination and Adverse Birth Outcomes. While this review focused on 

studies of interpersonal discrimination, structural and institutional discrimination likely 

contribute over and above that of interpersonal discrimination alone, influencing minority 

health.80 There is a growing body of research investigating the role of structural and institutional 

discrimination in relation to maternal and neonatal health disparities. Several proxy measures 

have been developed to capture the multidimensional construct. Racial residential segregation 

has been the most frequently examined proxy measure of structural discrimination in the study of 

adverse birth outcomes. A recent review and meta-analysis of forty-two studies of Black-White 

racial residential segregation in the US, reported that among Black mothers, racial segregation 

was associated with increased risk of preterm birth and low birth.81 Structural discrimination 
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measures including the Index of Concentration of Extremes (a measurement of spatial social 

polarization), Jim Crow legislation (racially discriminatory state legalization overturned by the 

1964 Civil Rights Act), neighborhood redlining (discriminatory mortgage lending), incarceration 

of Black individuals, neighborhood police contact and neighborhood greenspace have also been 

found to influence birth outcomes among Black pregnant persons.82,83,84,85,86,87 

Study Characteristics and Methodology. Thirty-six articles examining the effects of 

interpersonal discrimination on maternal and neonatal outcomes were uncovered, an overview of 

which is displayed in Table 1. A single study was published prior to the 2000s.88 The number of 

articles published in the 2000s increased exponentially, with eleven articles published between 

2000 and 2010 and seventeen articles published between 2011 and 2020. Seven articles were 

published in the years 2021 and 2022, following the Larrabee Sonderlund et al., review. Studies 

employed various research designs including prospective cohort (n=16), cross-sectional (n=12), 

case control (n=5), hybrid retrospective prospective cohort (n=2) and retrospective cohort (n=1) 

designs. Studies primarily utilized convenience samples recruited during prenatal care or 

delivery hospitalization (n=28). Four studies utilized data from the Center for Disease Control 

and Prevention (CDC)’s Pregnancy Risk Assessment Monitory System (PRAMS) postnatal 

survey a population-based survey that employs stratified random sampling.89,90,91,92 Random 

sampling was additionally employed in two other studies.93,94 In addition to recruitment of 

pregnant persons receiving perinatal care, participants were recruited by mail, telephone, 

crowdsourcing website (Amazon Mechanical Turk) and social media.95,94,96 Sample sizes ranged 

from 29 to 18,785 participants.97,91 Study samples primarily consisted of English or Spanish 

speaking pregnant persons, 15 year old or older, with singleton intrauterine pregnancies. In 

several cases only African American or Black (n=19) and persons of color (n=2) were included. 
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Birthing persons with major complications of pregnancy, chronic conditions contributing to a 

medically high-risk pregnancy, and who smoked or used illicit drugs were frequently excluded 

from study samples. Select studies concentrated on specific populations including nulliparous, 

those with a yearly income under $11,000 or persons employed full-time.97,96 

Measurement of Discrimination. Interpersonal discrimination was assessed using a 

variety of measures. All but one study included assessment of racial discrimination, this study 

instead measured discrimination attributed to being pregnant or pregnancy discrimination.96 Six 

studies assessed discrimination attributed to race and ethnicity, as well as other social 

characteristics including gender, socioeconomic status, age, sexual orientation, religion, physical 

appearance and physical disability.98,99,100,101,102,103,104 Several studies employed validated scales 

in the measurement of discrimination; frequency, pervasiveness, and emotional response. 

Measures included the Experiences of Discrimination Scale (EOD, n=18), Everyday 

Discrimination Scale (EDS, n=8), Racism and Life Experiences Scale 105 (RALES, n=3), 

Racism-Related Experiences Scale (PRE, n=2), Perceived Racism Scale (PRS, n=2), Daily Life 

Experiences of Racism and Bother scale (DLE-B, n=1) and the Workplace 

Prejudice/Discrimination Inventory (n=1).106,107,108,109 The PRAMS postnatal survey measured 

discrimination using 1 to 2 questions assessing whether the participant felt emotionally upset as a 

result of how they were treated based on their race in the year prior to their baby being born. The 

timeframe in which discrimination was assessed varied between measures and included every 

day, while pregnant, in the past year, over the lifetime, in childhood, adolescence or adulthood. 

Some studies sought to distinguish between the direct (firsthand or personal) and indirect 

(vicarious) experiences of discrimination.110,97,111,112  
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Study Findings. While a number of studies examined the effect of maternal 

discrimination on neonatal birth outcomes of gestational age at birth (n=15) and infant birth 

weight (n=15), fewer studies were conducting on any single maternal birth outcome. Overall, 

thirty studies addressed the impact of maternal discrimination on neonatal outcomes and fourteen 

on maternal outcomes. Maternal outcomes examined included maternal mental health (n=8), 

health behavior during pregnancy (n=2), physical diseases of pregnancy (n=2) and stress 

indicators (n=4). Characteristics of studies examining the effect of maternal discrimination on 

gestational age at birth, infant birth weight and maternal birth outcomes are shown in Table 2, 

Table 3 and Table 4 respectively. Findings with regards to neonatal outcomes of gestational age 

at birth and weight at birth will be reviewed first followed by maternal outcomes.  

Gestational Age at Birth. Studies primarily measured the outcome of gestational age at 

birth dichotomously as preterm birth (birth at <37 weeks gestation) vs. term birth (birth at ≥ 37 

weeks gestation). Eleven of the fourteen reviewed studies assessing the impact of maternal 

discrimination on gestational age at delivery, reported a significant positive relationship between 

racial discrimination and risk of preterm birth among the entire study sample or in subgroups. 

Three studies did not find a significant association between maternal experiences of racial 

discrimination and infant gestational age at birth.113,114,115 In racially stratified analyses, racial 

discrimination was found to be associated with increased risk of preterm birth among non-

Hispanic Black birthing persons but not among Non-Hispanic White.99,92 The association of 

maternal racial discrimination with risk of preterm birth was found to differ by maternal 

depressive symptomology and stress, as well as the life stage in which discrimination occurred 

and whether the discrimination was directly or vicariously experienced.116,117,112  
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Three studies assessed the impact of maternal discrimination based on an identity 

characteristic other than race and ethnicity on the outcome gestational age of delivery. The sole 

study of maternal discrimination attributed to pregnancy, pregnancy discrimination in the 

workplace was found to be indirectly associated with lower gestational age at delivery through 

maternal stress.96 In the two studies examining gender discrimination the odds of preterm birth 

trended upward but were not found to be statistically significant.98,99  

Infant Birth Weight, and Size. Infant birth weight and size were measured in four ways 

across reviewed studies: as low birth weight defined as less than 2500 grams at delivery, very 

low birth weight defined as less than 1500 grams at delivery, small for gestational age defined as 

weight, length or head circumference smaller than 90% of infants of the same gestational age and 

sex and as a continuous variable. Nine of the twelve studies reviewed reported a significant 

association between maternal experience of racial discrimination and infant weight or size at 

delivery in the entire sample or a subgroup. Three studies did not find a significant association 

between maternal experiences of racial discrimination and infant birth weight.88,94,115 Racially 

and age stratified analysis suggested this relationship was stronger among certain groups, with 

racial discrimination shown to be significantly associated with infant birth weight among African 

American persons and those 25 years old and older.110,111 Risk factors (i.e. inadequate prenatal 

care, poor social support, smoking and substance use) were also found to have an impact on the 

relationship between discrimination and birth weight.118  

Three studies assessed the effect of discrimination based on general discrimination, 

multiple identity characteristics or characteristics other than race and ethnicity on the outcome of 

infant birth weight. In a study of discrimination based on multiple social identities, despite racial 

discrimination being the most commonly cited form of discrimination, discrimination based on 



 31 

age and physical disability were found to be associated with reduced infant birth weight but not 

racial discrimination.100 General discrimination was found to be associated with risk of low birth 

weight and this relationship mediated by maternal depressive symptoms.102 As was the case with 

preterm birth, the single study of pregnancy discrimination in the workplace, found pregnancy 

discrimination was indirectly associated with reduced birth weight through maternal stress.96 

Maternal Mental Health. The largest concentration of studies investigating the impact of 

interpersonal discrimination on maternal health focused on mental health outcomes in particular 

symptoms of depression and psychological distress. Four of the six studies examining maternal 

mental health found experiences of racial discrimination were positively associated with 

psychological distress and symptoms of depression. This association was seen to vary by race 

and prenatal care type (private vs. public), with racial discrimination most strongly associated 

with increased depressive symptoms among non-Hispanic Black persons and in those attending 

public prenatal care clinics.91,119 Two studies did not find a significant association between racial 

discrimination and psychosocial wellbeing or depressive symptoms.113,120  

The effect of discrimination based on identity characters other than race and ethnicity or 

general discrimination on maternal mental health outcomes was examined in two studies. A 

study of general discrimination, found it to be associated with greater symptoms of depression.101 

A study of pregnancy discrimination in the workplace found pregnancy discrimination was 

associated with postpartum depression symptoms mediated by maternal stress.96. 

 Maternal Health Behaviors. The impact of discrimination on maternal health behaviors 

was assessed in two studies, both of which measured general discrimination rather than 

discrimination based on a single identity characteristic. These studies found general 
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discrimination was associated with cigarette smoking, alcohol use and poorer overall sleep 

quality.101,55  

Maternal Physical Health. Few studies have examined the association of discrimination 

with risk of diseases of pregnancy. The two studies examining the impact of discriminations on 

risk of diseases of pregnancy produced conflicting findings. While Macgregor et al. found 

pregnant persons experiencing high general discrimination were more likely to develop 

gestational diabetes, Grobman et al. observed no such association between discrimination and 

hypertension in pregnancy.115,104  

Although little research has been conducted investigating the influence of discrimination 

on physical diseases of pregnancy, studies of physical indicators of health may provide 

additional information on the relationship between discrimination and maternal physical health. 

Four studies examined the association of maternal experiences of racial discrimination with 

stress indicators of: cortisol levels, leukocyte glucocorticoid sensitivity, systematic inflammation 

and Epstein-Barr virus reactivity.114,120,121,122 Each of these studies found a significant association 

between racial discrimination and heightened stress indicators, with associations found to vary 

by total life course stress and stress response.120,114  

Discussion Review Findings. Review of literature produces mixed results for the effect 

maternal discrimination on neonatal and maternal outcomes. Studies of gestational age and birth 

weight provided substantial evidence that maternal discrimination is linked to adverse neonatal 

outcomes, particularly for infants of non-Hispanic Black birthing persons. Methodological 

variability may explain inconsistencies in findings, as studies varied in study design, sample size, 

and measurement of discrimination. Studies utilized diverse measures of discrimination differing 

in the assessment of discrimination frequency, pervasiveness, or emotional impact, the 
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individuals’ relation to discrimination (firsthand vs. vicarious), period (lifetime vs. past year vs. 

everyday experience) and life stage at which discrimination occurred (childhood, adolescence, 

and adulthood). Studies also varied in the timing of measurement, assessing discrimination 

during pregnancy, postpartum or 2 to 10 years following giving birth.  

Research examining the potential impacts of maternal discrimination on maternal health 

during pregnancy and postpartum is less robust, however this gap may be closing as studies of 

maternal health become more numerous. The first study of discrimination and maternal health 

was published in 2010 and there has been a consistent stream of studies since then. Evidence of 

an association between discrimination and maternal health is strongest for mental health 

outcomes. This is consistent with trends in overall health disparity research. Only two studies 

investigated the effect of discrimination on diseases of pregnancy. Further research is needed to 

uncover to what extent maternal discrimination impacts diseases of pregnancy.  

Reviewed studies concentrated almost exclusively on measuring racial discrimination. 

The few studies of discrimination based on other identity characteristics suggest these forms of 

discrimination may also affect maternal and neonatal birth outcomes. Further research capturing 

the impact of discrimination based on multiple identity characteristics on perinatal health 

outcomes is needed. 

Discrimination Research, Focus on a Single Dimension  

 Researchers have typically focused on discrimination based on a singular identity, most 

commonly racism. This practice is criticized for neglecting the multiple identity characteristics 

(ex. gender, age, sexual orientation, socioeconomic status, religion, weight etc.) and 

corresponding oppression that shape an individual’s experience in society.123 Prior research has 

tended to focus on African Americans as a monolith, precluding consideration of within group 
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heterogeneity in discrimination experiences and subsequent health impacts. A singular focus 

likely underestimates the overall impact of discriminatory stressors on the health of African 

Americans. A unidimensional framework is insufficient to assess discrimination experiences of 

those with multiple minority statuses.124,125 A singular focus on maternal discrimination 

attributed to race, likely masks important complexities in Black mother’s discrimination 

experiences and underestimates the impact of discrimination on birth outcomes. An approach 

that captures a broader range of complexities in the study of maternal discrimination is 

warranted.  

An Intersectionality Perspective  

 The term intersectionality was coined by critical legal race scholar Kimberle Williams 

Crenshaw, and was initially applied in understanding how social categories of race and gender 

interact to constitute the lived experiences of Black persons.126 Rooted in Black Feminist theory, 

an intersectional framework promotes the understanding of individuals as multi-dimensional and 

complex, shaped by intersections of multiple social identities and interlocking power structures. 

Social identities such as race, gender, age, disability and sexual orientation are conceptualized as 

interacting and co-constituting one another to create one’s unique social location and 

experiences.127,128  

Utilization of an intersectionality approach is a priority of future research on racism and 

health (William et al., 2019). An intersectional perspective suggests discrimination against 

multiple marginalized identities takes unique forms that cannot be fully understood within the 

context of a single mode of oppression. An adaptation of Lewis and Van Dyke’s (2018) 

framework for how race interacts with other social identities to shape discrimination and thus 

health is displayed in Figure 1.124 Depicted by this framework is the influence of an individual’s 



 35 

intersecting social location on the quantity and character of discrimination in which they are 

exposed and consequential effects on health. An intersectionality approach may be particularly 

useful in examining the complex discrimination experience of Black pregnant persons that 

contribute to marked disparities in birth outcomes.129 Promotion of equity in perinatal health will 

require researchers capture the heterogeneity present in pregnant persons’ experience of 

discrimination contributing to disparities in maternal and neonatal birth outcomes.  

An Alternative Model of Prenatal Care (Manuscript Two) 

Strategies to Reduce Black-White Disparities   

A twelve-point plan to reduce Black-White disparities in birth outcomes taking a life 

course approach has been proposed and incorporated into national strategy.130,131,132 A life course 

perspective suggests to substantially impact perinatal health, interventions must be expanded 

across the life span. Simply addressing preexisting medical conditions upon arrival at prenatal 

care or delivery will likely not be sufficient to prevent adverse maternal and neonatal 

outcomes.131 Lu et al’s twelve-point plan addresses three overarching goals: improve quality 

healthcare for African American persons across the lifespan, enhance African American families 

and communities influencing the health of pregnant persons and address social and economic 

inequities that disproportionally burden African American persons over the life course. Their 

plan advocates for a paradigm shift that expands our perspective of birth outcome interventions 

across birthing persons’ lifespans, to include their support systems and to address structural 

inequities.  

Access to Prenatal Care 

 Though insufficient on its own, quality prenatal care is a vital component in the reduction 

of racial disparities in birth outcomes. Prenatal care serves as both a crucial step in a mother’s 
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continuum of care and in a child’s developmental trajectory.59 While racial and ethnic gaps in 

prenatal care access have narrowed over past decades, little has been done to close the racial gap 

in prenatal care quality.133 While increased adequacy of prenatal care measured by the month 

prenatal care began and the number of prenatal care visits attended, has been shown to decrease 

preterm birth among both Black and White pregnant persons, increased adequacy of prenatal 

care is associated with widening Black-White disparities in birth outcomes. It is hypothesized 

that differing care quality due to clinician bias and structural racism may account for these 

findings.134  

Quality of Prenatal Care  

Care quality is described by the Institute of Medicine as composed of six aims, being 

safe, effective, patient centered, timely, efficient, and equitable.135 Black and White pregnant 

persons are not treated equally when seeking care, 1 in 10 Black pregnant persons report 

experiencing poor treatment due to their identity compared to just 1 in 100 White.136 Guidelines 

for prenatal care in the US have remained relatively unchanged over the past decades despite 

rapid advances in technology. The current prenatal care schedule recommendation of 12 to 14 

one-on-one visits has been maintained since its introduction in the 1930s, with little supporting 

evidence. Reflection on prenatal care practices during the upheaval in care brought on by the 

COVID-19 pandemic, have amplified calls for prenatal care guidelines to be reconsidered in 

light of the evidence gained over the past century.137 Prenatal care visit content, timing and 

delivery must advance in conjunction with evidence, to address mechanisms underlying racial 

disparities in perinatal health.138 

Prenatal Education. Studies report conflicting findings on the equal provision of 

prenatal education in prenatal care. While an older study found Black pregnant persons were less 
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likely to receive prenatal education, a more recent study reports Black pregnant persons of  low 

socioeconomic statuses are more likely to receive prenatal education compared to White.139140 

This discrepancy may represent increased targeting of prenatal education to minorities and 

disadvantaged groups. Despite increased prenatal education provision, low income racial and 

ethnic minority patients continue to report a lack of adequate prenatal education in prenatal 

care.141 

Ancillary Services. Quality of care is also determined by the availability of ancillary 

services. While the mode and schedule of prenatal care visits has not been revised in decades, 

many pregnant persons have sought adjuncts to the traditional prenatal care model. Due to the 

brief nature of traditional one-on-one prenatal care appointments, pregnant persons are often 

encouraged by their providers to seek adjunct services in addition to attending prenatal care 

including prenatal education classes, nutrition and psychosocial supports.142 Access to adjunct 

prenatal care services is not equally distributed, Black mothers are two times less likely to 

participate in adjunct prenatal education classes than White.130 Financial and transportation 

issues have been indicated as barriers to obtaining adjunct services when not offered on site or 

covered by medical insurance.142  

An Alternative Prenatal Care Model: Group Prenatal Care 

Alternative prenatal care models may offer promise in the improvement of prenatal care 

quality particularly among Black pregnant persons. Standard individual prenatal care (IPNC) 

takes place in a one-to-one visit between the provider and patient, following the ACOG 

recommended schedule of; monthly visits until 28 weeks, bi-weekly from 28 to 36 weeks and 

then weekly until delivery.143 On average IPNC visits last 10 to 15 minutes, resulting in only 2 to 

3 hours spent in prenatal care over the course of pregnancy. Group prenatal care (GPNC) offers 
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an alternative to standard IPNC, delivering prenatal care components in a group setting. 

CenteringPregnancy (CP) is the most well-known form of GPNC in the US.144 CP GPNC was 

founded by nurse-midwife Sharon Schindler Rising in the 1990s with roots in the Minnesota 

Childbearing and Childrearing Center.145 The model is built on theoretical perspectives of 

feminism, the midwifery model, social support theory and self-efficacy theory.146 

CenteringPregnancy 

CP delivers the three major components of prenatal care: physical assessment, education, 

and support in a group setting.145 The model is founded on thirteen essential elements of 

effective group structure, shown in Figure 2.146 Approximately 8 to 12 patients with similar due 

dates meet for 2 hours 8 to 10 times over the course of pregnancy following the same schedule as 

IPNC visits. Group sessions are facilitated by a midwife, obstetrician, nurse practitioner or other 

maternity care provider, assisted by a co-facilitator, a nurse, social worker or other medical 

professional. In this model, pregnant persons receive between 12 and 20 hours of prenatal care, 

compared to the 2 to 3 hours estimate in IPNC.145 During the first 30 minutes of the group 

session a clinician conducts a brief physical assessment and routine ultrasound for each patient in 

the group space. Concurrently pregnant persons who are not being examined, socialize, complete 

worksheets connected to that day’s discussion and perform self-assessments including 

measurement of weight and blood pressure. The remaining 90-minutes are spent in facilitated 

discussion, centered around health education topics relevant to group members’ gestational age. 

A facilitative leadership style is taken, and group is conducted in a circle to encourage sharing 

and education to flow between group members as well as from provides. Group facilitators 

balance planned educational content with group generated discussion, shaping the content to 

group needs. A list of the discussion topics outlined in the facilitators guide is shown in Figure 
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2.147 Facilitators and group members are consistent throughout the 10-sessions, to encourage the 

formation of relationships and trust within the group. A support person is encouraged to join 

patients in group, though it is not required.146 

CenteringPregnancy Adoption 

CP has been adopted across the US, as well in a number of countries worldwide including 

the United Kingdom, Australia, Sweden, Canada, Iran, Malawi and Tanzania, as well as 

others.148,149,150,151,152,153 The CP model has been expanded to include sexual health learning 

modules (CenteringPregnancy Plus), altered to care for specific health conditions in pregnancy 

and adapted to meet the needs of diverse health systems and cultures.154,155,156 The Centering 

Healthcare Institute (CHI) reports CP groups have been implemented at 582 sites in 46 states in 

the US, with an estimated 60,000 patients receiving CP each year.157 Despite these successes, as 

of 2012 only 3% of pregnant persons in the US had access GPNC.136 Strong evidence is critical 

for the expanded implementation of GPNC models.  

The Effect CenteringPregnancy and Group Prenatal Care  

The effects of CP have been studied for outcomes of patient satisfaction and care 

attendance, as well as numerous maternal and infant birth outcomes including preterm birth, low 

birth weight, neonatal intensive care unit (NICU) admission, psychosocial health, reproductive 

health, breastfeeding, immunizations and subsequent child-development.158 A Cochrane review 

of RCTs comparing GPNC to standard IPNC was conducted in 2015.159 Four RCTs were 

included in this review, two conducted in the US, one in Iran, and one in Sweden.160,161,152,150 

Primary outcomes compared were gestational age at birth, infant birth weight and perinatal 

mortality. The Cochrane review concluded the four available RCTs suggested GPNC was 
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associated with comparable neonatal and maternal outcomes to standard IPNC and resulted in 

greater patient satisfaction.  

A recent review of RCTs published through 2020 produced similar findings.162 Liu et al., 

reviewed five RCTs, four of which were conducted in the US and one conducted in 

Iran.160,163,161,164,165,166,152 As in the earlier Cochrane review, Liu et al., concluded available RCTs 

suggest CP performs similarly to standard IPNC with no evidence of adverse effects. GPNC was 

found to reduce postpartum depression compared to IPNC though these effects were no longer 

present one year postpartum.   

A Review of Randomized Control Trials of Group Prenatal Care  

The RCTs reviewed in these reports will be described alongside recent contributions to 

the field. A search of RCTs comparing GPNC to IPNC in the years following Lui et al.,’s review 

uncovered two additional RCTs conducted in the US and four additional RCTs conduced in 

countries outside the US.167,154,155,156,168,153,169,170,171,172 This search was executed in two 

databases, the Web of Knowledge and Medline for articles published in 2020 to present. Search 

terms included: “CenteringPregnancy” OR “group prenatal care” OR “group care” AND 

“Randomized Controlled Trial” OR “RCT”. GPNC RCTs conducted in the US will be reviewed 

first followed by RCTs conduced outside the US. Studies and outcomes examined are shown in 

Table 5.  

Randomized Controlled Trials in the US. To date, six RCTs of GPNC have been 

conducted in the US. Three original articles were follow ups from earlier publications studying 

the same participants but examining different outcomes.163,165,154 Characteristics of the nine US 

studies are shown in Table 6. The first RCT was published in 2007.160 RCTs were conducted at 

hospital and community affiliated clinics, or health centers located across the US. In one RCT 
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randomization occurred at the clinic level, while others randomized at the patient level.164,165 

Preterm birth, low birth weight, maternal depression symptoms, postpartum depression 

symptoms and care satisfaction were the most commonly examined outcomes. Trials were 

conducted among young pregnant persons, military families, those with low-medical risk, and 

with diabetes. Trials within each of these groups will be described.  

Young Pregnant Persons. Two RCTs of GPNC have been conducted among samples of 

young pregnant persons,14 to 25 years old.160,163,164,165 Young pregnant persons have been a 

target of GPNC due to the unique psychosocial vulnerabilities faced by young mothers.144 These 

studies have included samples of 1,047 and 1,148 medically low risk pregnant persons between 

the ages of 14 and 25 or 14 and 21 years old. RCTs among young pregnant persons suggest 

GPNC may offer some benefits for neonatal birth outcomes and maternal psychosocial health. 

Ickovics et al., found GPNC patients were significantly less likely to deliver infants preterm, a 

finding that was more robust when examined only among African American participants.160 

GPNC patients were also found to be less likely to have suboptimal prenatal care and more likely 

to be satisfied with care, have greater pregnancy knowledge and higher rates of breastfeeding 

initiation. Examination of maternal psychosocial health found no benefit of GPNC among the 

overall sample, however among young pregnant persons with the greatest stress in early 

pregnancy, GPNC patients had significantly better psychosocial functioning in later pregnancy 

and postpartum.163 In a cluster RCT, increased attendance at GPNC sessions was associated with 

lower odds of having small for gestational age, preterm, low birth weight  infants and fewer days 

in the NICU.164 Additionally, young pregnant persons assigned to GPNC showed a greater 

reduction in perinatal depressive symptoms form early pregnancy to postpartum when compared 

to IPNC patients.165 
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Military Families. Military populations have also been the target of GPNC trials, as 

pregnant persons in the military are thought to have increased vulnerability due to a lack of usual 

support systems and increased stress.144 Two RCTs have been conducted among medically low 

risk pregnant persons receiving prenatal care in military settings.161,166 RCTs of GPNC within 

military samples have been relatively small in size including 129 to 322 patients. Findings of 

GPNC among military families are mixed. Kennedy et al., found no effect of GPNC over that of 

IPNC in reducing adverse neonatal and maternal health outcomes including infant birth weight 

and maternal depressive symptoms, though GPNC patients were more likely to receive adequate 

prenatal care and were more satisfied with the care received.161 By contrast, Tubay et al., found 

GPNC was associated with an increased likelihood of infant birth weight appropriate for 

gestational age but not greater overall care satisfaction.  Care models were found to perform 

similarly for outcomes of maternal depression, anxiety and breastfeeding initiation.166 

Low Medical Risk. Five out of six randomized control trials of GPNC in the US were 

conducted among medically low risk samples.160,163,161,166,167 Crockett et al., examined the 

effectiveness of GPNC among medically low risk patients 14 to 45 years old.167 This trial had the 

largest sample to date with 2,350 patients. In contrast to some earlier RCTs, GPNC patients in 

this study were not found to have a lower risk of preterm birth or low birth weight infants when 

compared to patients receiving IPNC, nor was a prenatal care by race and ethnicity interaction 

observed for these outcomes. These findings were consistent when analyzed across intuition-to-

treat, modified intuition to treat and per compliance samples. Exploratory analysis did however 

suggest GPNC may be associated with a reduction in Black-White disparity for preterm birth and 

low birth weight, though further study is required.  
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Diabetes. While other RCTs have been conducted among healthy pregnant persons, the 

effectiveness of GPNC among pregnant persons with type 2 diabetes and gestational diabetes 

was investigated in a pilot study.154,155 Examination of diabetes GPNC among a small sample 

(n=84), suggests a potential benefit of GPNC for pregnant persons with diabetes among a few of 

the outcomes studied. Patients receiving GPNC reported increased diabetes specific peer support, 

increased consumption of recommended fruit and vegetables and increased likelihood of 

receiving postpartum glucose tolerance tests compared to those receiving IPNC. Other measures 

of diabetes self-care and management including A1c, as well as measures of maternal and 

neonatal health were similar between care arms. 

Randomized Controlled Trials of Group Prenatal Care Outside the US. To date 

seven RCTs of GPNC have been conducted outside of the US, one in Iran, one in Sweden and 

four in African nations including Nigeria, Kenya, Senegal, Malawi, Tanzania and 

Rwanda.152,150,156,168,153,169,170,171,172 Characteristics of GPNC RCTs conducted outside the US are 

shown in Table 7. More than half were cluster RCTs, with health center or clinician as the unit of 

randomization.152150156172 Several had an implementation focus and assessed the feasibility of 

GPNC within the new context. RCTs in the African region, adapted the GPNC model to national 

focused antenatal care model recommendations of four prenatal care visits and catered content to 

regional maternal, child health concerns (ex. Malaria and HIV). The most commonly assessed 

outcomes were adequacy of prenatal care, postnatal care visit attendance and breastfeeding. In all 

cases with the exception of Sayinzoga et al. which included only patients attending two or more 

visits, intention-to-treat analysis was used.172 

When tested in Iran, the GPNC model was associated with greater infant birth weight and 

reduced caesarean section when compared to IPNC, though other birth outcomes (preterm birth 
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and low birth weight) were similar across care models. GPNC patients also demonstrated greater 

perinatal health behavior than IPNC patients including multivitamin and iron supplement use, 

use of contraception postpartum and breastfeeding.152 The RCT of GPNC in Sweden did not find 

greater overall care satisfaction among GPNC patients when compared to those receiving IPNC, 

however GPNC patients did report higher care satisfaction for supportive contact with other 

parents and initiation or breastfeeding.150 In African regions, RCTs of GPNC found GPNC to be 

associated with improved adequacy of prenatal care (prenatal and postnatal care attendance, birth 

planning, care quality and care satisfaction), benefits to maternal mental health (greater self-

efficacy, higher pregnancy-related empowerment, and lower mental distress), increased sexual 

health knowledge, and increased breastfeeding, yet did not find benefits of GPNC for neonatal 

outcomes.156,168,153,169,170,171,172 

Discussion of Review Findings. In the US, trial samples have included primarily low 

risk pregnant persons, though the study of GPNC among pregnant persons with health conditions 

in pregnancy is emerging. RCTs comparing GPNC to IPNC provide some evidence of an 

enhanced effect of GPNC on neonatal birth outcomes, maternal psychosocial health, care 

satisfaction and attendance but these findings are inconsistent. RCTs of GPNC conducted outside 

the US provide similarly mixed results. Two of the seven RCTs conducted in the US and abroad 

investigating preterm birth find positive effects of GPNC. Three of the eight studies find an 

effect for birth weight. Two of the six find a reduction in perinatal and postnatal depression 

symptoms among patients attending GPNC. Variance in trial sample size may account for some 

of the inconsistency observed. Trials suggest GPNC does not contributed to increased harm over 

IPNC. Findings of GPNC’s impact on care satisfaction and visit attendance are more robust. 

Four of the six RCTs find GPNC is associated with enhanced satisfaction and six of the eight 
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studies find improved adequacy of prenatal care. These findings suggest GPNC represents a 

feasible and acceptable alternative to standard care models within and outside the US.  

Limitations of Randomized Control Trails of Group Prenatal Care  

Although RCTs are the gold standard for evaluating intervention effectiveness, RCTs of 

GPNC may not capture the full extent of effects. RCTs may dilute the impact of GPNC on 

neonatal and maternal birth outcomes, particularly when conduced in restricted populations and 

measured using intention-to-treat analysis.164,173 RCTs of GPNC have typically included healthy 

participants, excluding pregnant persons with preexisting conditions and pregnancy 

complications. The effect of GPNC may be underestimated when examined only among 

pregnant persons of low medical risk as GPNC may offer the most benefit among high-risk 

groups.173 Additionally, Intention-to-treat analysis may ignore the role of intervention dose. 

Treatment compliance which has typically been measured as participation in five or more GPNC 

sessions is associated with increased intervention effect compared to attendance at less than five 

sessions.174 In RCTs, around 20% of pregnant persons assigned to GPNC do not attend a single 

GPNC session and others attend less than five visits.164,165,167 While some RCTs have sought to 

account for participant compliance through as-treated analysis, comparisons of GPNC and IPNC 

by dose of treatment received are made challenging by structural differences between the models 

and the often “mixed” care received by pregnant persons assigned to GPNC. Observational 

studies of GPNC may offer additional information on model effectiveness.  

A Review of Large Observational Studies of Group Prenatal Care 

Observational studies typically allow patients to select their preferred model of prenatal 

care. Pregnant persons who choose to participate in GPNC may differ significantly from those 

that select IPNC. For instance, they are potentially more likely to be motivated to make healthy 
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behavior changes. In recent years, several observational studies of GPNC have been conducted 

among large diverse samples of pregnant persons. These studies attempt to account for self-

selection bias through propensity score matching and other analytical methods. While propensity 

score matching cannot fully account for self-selection bias, as unmeasured factors may influence 

choice of prenatal care, these methods reduce observable group differences allowing for more 

rigorous comparisons.  

Study Characteristics and Methods. Five large observational studies of GPNC have 

been conducted utilizing propensity score matching techniques.174,175,176,177,178 The characteristics 

of these studies are shown in Table 8. Four of the five studies utilized retrospective cohort 

designs, the fifth study utilized a type 1 hybrid effectiveness implementation trial design. 

Participant samples were less restrictive than in RCTs generally including pregnant persons 

entering care by 24 weeks, with singleton pregnancies and had no prior history of preterm birth. 

One study assessed the effect of GPNC among “high risk” pregnancies in which pregnant 

persons had one or more pregnancy complications.177 Overall, intervention groups received 

either CP or Expect With Me a GPNC model similar to CP that incorporates connection with 

group members and providers between group sessions via a social media platform.179 In each 

study, GPNC patients were matched to similar IPNC patients using propensity score matching or 

augmented inverse probability weighting methods. Matches were made based on between 5 and 

25 demographic, medical history, and care factors.174,178 Three of the five studies analyzed both 

intention-to-treat or any exposure (≥ 1 GPNC sessions) and as-treated or minimum threshold 

samples (≥ 1 GPNC sessions) to account for GPNC compliance. Studies assessed the effect of 

GPNC on outcomes of infant preterm birth, low birth weight and NICU admission.  
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Study Findings. Attending one or more GPNC sessions was found to be associated with 

a reduced risk of preterm birth and low birth weight in four out of five observational 

studies.174,175,124 GPNC patients attending one or more sessions were also found to be at a 

reduced risk of infant NICU admission in all three studies where assessed.175,176,177 Whereas 

neonatal outcomes of preterm birth, low birth weight and NICU admission were significantly 

improved in intention-to-treat samples, benefits were found to be greatest for GPNC patients 

attending five or more sessions.174,175,177 Racial differences in effect were examined in a single 

study and GPNC found to produce similar effects among Black and non-Black patients.175 Dubay 

et al., is the only study that found GPNC performed equivalent to IPNC in all neonatal outcome 

measures.178 

Discussion of Review Findings. Observational studies of GPNC using propensity score 

matching, have included large and diverse patient samples, including pregnant persons with 

medically high-risk pregnancies. Four out of five studies suggest GPNC is associated with an 

improvement in one or more neonatal outcomes when compared to standard IPNC. 

Observational findings show greater consistency in their support of GPNCs benefits than RCT 

studies of GPNC. Metanalysis of GPNC that included both RCTs and observational studies have 

concluded GPNC was associated with a reduced incidence of low birth weight and among Black 

birthing persons a reduction in preterm birth.180 While propensity score matching attempts to 

address selection bias, unobservable factors associated with both group selection and outcomes 

may influence the findings of observational studies in the absence of randomization. The gap in 

findings of GPNC ‘s effect between observational and RCTs could indicate that it is something 

about the individuals who select to participate in GPNC that leads to the enhanced effect of this 

care model. 
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Potential Mechanisms of Group Prenatal Care   

Mechanisms contributing to improved birth outcomes in patients receiving GPNC are not 

well understood. GPNC literature has been criticized for a lack of clear theoretical framework 

outlining the chain of effects by which GPNC may take effect on maternal and neonatal birth 

outcomes.181 It’s theorized that shared medical appointments such as GPNC, benefit patients 

through enhanced education, social support form peers, the creation of group norms of healthy 

behavior, increased time spent with providers and decreased social hierarchy in patient-provider 

relationships.182 Qualitative studies of GPNC illuminate patient perspectives of important care 

elements that may contribute to GPNCs effect including enhanced learning, novel peer support 

and improved patient-provider communication.  

Enhanced Learning. GPNC patients describe receiving enhanced education in the group 

format, facilitated by relationships among group members, as well as with the facilitators.183 

Patients report learning together and learning from the group, gaining increased knowledge as 

they hear from the physician, as well as fellow patients.184,185,186 In-depth knowledge is gained 

through group members sharing experiences with their peers.187 Information shared in group is 

made more meaningful through patient’s active participation and elicitation of information.186 

Sharing of stories was seen to normalize concerns, provide reassurance and foster identification 

with peers.185,186,187,188 GPNC participants have described feeling empowered by the knowledge 

they gained through care and being more confident in their capacity to mother.184,187,189  

Community Support. GPNC patients describe a sense of community, belonging and 

friendship in GPNC.190,184 Patients feel supported by one another, reporting elements of 

emotional, instrumental, information and appraisal support.186,189,191 Through the exchange of 

stories, questions, answers and advice patients receive informational support from peers, as well 
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as health care providers. Through the sharing of experiences, listening and empathetic response 

between group members emotional and appraisal support is provided. These components work 

together to build positive relationships between group members and between patients and 

providers.192  

Patient-Provider Relationship. Additional time spent with the health care providers is a 

benefit of GPNC.191,185 Alongside bonding with other group members, GPNC participants report 

achieving greater trust and openness with providers.186 Patients attribute enhanced 

communication and trust to the prioritization of relationships and mutual respect in GPNC. The 

enhanced patient-provider relationship was also thought to increase adherence to 

recommendations, reinforce positive health behaviors and elevate patients’ self-esteem.189 In a 

follow up study of CP, patients reported continued use of anticipatory guidance provided in 

group care as well as sustained health behavior change in areas of healthy nutrition, stress 

management, communication, coping skills and self-care practices three years following the 

intervention.193  

Stress Reduction. GPNC may lead to improved maternal and neonatal outcomes through 

a reduction of stress and improved health behavior change. Stress during pregnancy is a known 

risk factor for adverse birth outcomes, contributing both directly and indirectly to health through 

association with risky health behaviors.194,195 Social support is associated with reduced 

psychological distress in the perinatal and postpartum period.196 Low levels of social support in 

pregnancy have been linked to poor maternal and infant outcomes.197,198 Enhanced social support 

offered through GPNC may reduce patient’s stress during pregnancy, providing a protective 

buffer against stressful events.197 Strong relationships between patients and their prenatal care 

provider is associated with reduced stress, increased satisfaction and greater adherence to clinical 
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recommendations.199 Patient perceptions of good communication, collaboration and 

empowerment in the patient-provider relationship is associated with increased healthy behaviors 

including physical activity, nutritious eating and taking prenatal vitamins, behaviors that are 

shown to reduce risk of adverse birth outcomes.199,194 In addition to social support, the improved 

patient-provider relationship offered through additional time spent with providers in a facilitative 

group context is potential mechanism through which GPNC may benefit participants.  

Clinician Level Pathways. Although to date research has primarily focused on patient 

level factors, GPNC may also exert effect at the clinician and systems level.200 Just as additional 

time spent with health care providers has patient level impacts, enhanced quality, and quantity of 

social interaction between patients and providers likely also effects clinicians and the systems in 

which they work. Increased social interaction with their patients may provide clinicians with a 

greater depth of understanding for their patients and the life circumstances in which they operate. 

This is particularly important as providers life experiences are often economically, socially, and 

culturally disparate from the patients they serve. Increased time spent with patients in the GPNC 

setting may reduce clinician bias improving their understating of the social determinants 

impacting their patient’s health. Future research is needed to examine the clinician level impacts 

of GPNC as a mechanism for improving patient outcomes. 

Group Prenatal Care and Disadvantaged Groups 

Some theorize, GPNC exerts the greatest effect among patients at the greatest 

disadvantage.200,173 Previous studies have demonstrated an enhanced impact of GPNC among 

Black pregnant persons and those with high psychosocial distress.160,201,180,163,202 As previously 

discussed Black families bare a disproportionate burden of adverse birth outcomes in the US. 

This disparity can be attributed at least in part to interpersonal and systematic racial 
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discrimination. In light of the heightened stressors associated with being Black in the US, 

suspected individual and clinician level mechanisms of GPNC including stress reduction, 

enhanced patient-provider communication and lessened clinician implicit racial bias, might be 

expected to offer the greatest benefit for maternal and neonatal outcomes among this group.  

Group Prenatal Care Attendance  

Despite evidence of GPNC’s neutral or improved effect, patient recruitment, and 

attendance represents a significant challenge to implementation and sustainability.203 Some 

patients voice concerns about receiving their prenatal care in a group setting and describe access 

barriers exacerbated by the group format. Patients decline GPNC due to a dislike of groups, a 

fear of bodily or emotional exposure in a group setting, worry over partner involvement or a lack 

of perceived need to change from standard one-on-one care.204 Patients also cite logistical 

concerns due to the rigidity of appointment times, the length of appointment and not being able 

to bring children with them to GPNC sessions.205 Patients have demonstrated substantial non-

compliance even in the highly controlled settings of RCTs in which childcare is made available, 

research incentives are provided and patients receive additional follow up.164,167 Low patient 

recruitment and attendance influence the cost effectiveness of GPNC, as well as provider and 

staff perceptions of the model’s productivity and administer buy in, effecting the care models 

potential to impact patient and infant outcomes.203,174 

Characteristics Associated with Group Prenatal Care Attendance 

 A small body of research has explored patient sociodemographic, psychological and 

lifestyle characteristics associated with interest and attendance in GPNC.206,207,208,209,210,211 

Description of these six studies is shown in Table 9. These studies employed cross sectional 

survey designs or utilized data from larger RCTs. Findings of characteristics associated with 
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interest or attendance in GPNC are inconsistent. Being primigravid and younger adolescents, 

having greater educational attainment, not yet having discussed labor with one’s care provider, 

and valuing pregnant patients centeredness in care were found to be associated with interest in 

GPNC participation.206,207 Adolescents who smoked or who desired their pregnancy were more 

likely not to be interested in GPNC participation.206 By contrast another study of pregnant 

patients’ reported likelihood of participating in GPNC found no difference in characteristics of 

patients reporting low, moderate, or high likelihood of participation in GPNC.208 Being born 

outside the US, nulliparous, aged 22-26, co-habiting and unmarried, having average or high 

stress and smoking in early pregnancy were associated with greater GPNC attendance.209211210210 

Lower family support, quitting smoking prior to prenatal care intake and having below average 

lifestyle and pregnancy knowledge was associated with less GPNC attendance.210,211 

While GPNC appeals to some patients, not all patients will be interested in GPNC and 

some face barriers to attending GPNC. Elucidation of characteristics associated with GPNC 

participation as well as an understanding of barriers to patient attendance can inform recruitment 

and model adaptation, thereby broadening the read of GPNC. Further research is needed 

examining the determinants of GPNC attendance within large, randomized samples and utilizing 

sophisticated conceptualizations of attendance patterns. Understanding whom the GPNC model 

attracts and what patients are benefited through participation in GPNC is essential to successful 

model implementation.  

Health Information Online During Pregnancy (Manuscript Three) 

Groups On and Offline  

There are numerous online forums dedicated to pregnant persons, want to be pregnant or 

recently gave birth. These forums facilitate peer-to-peer communication, allowing users to post 
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new messages or responded to the messages of others. These online spaces for group discussion 

are not unlike offline communities for pregnant persons, such as formed in GPNC. Indicated in 

both on and offline groups are components of formal and informal information sharing, 

identification with peers, reassurance, normalization and social support. While similar, there are 

also a number of distinctions between on and offline pregnancy communities. Online forums 

may offer advantages over offline groups in terms of convenience, immediacy and the relative 

anonymity provided. In contrast to GPNC, online pregnancy forums are not facilitated by 

healthcare providers. This lack of oversight in online forums may introduce concerns related to 

the credibility and accuracy of the information shared. Understanding pregnant persons’ use of 

online resources during pregnancy has only become more important considering the increased 

prominence of the internet as a source of health information during this period.  

Pregnancy in the Age of the Internet  

The internet has become a popular source of health information for pregnant persons, 

with 94-97% reporting internet use for this purpose.212,213,214,136 Many pregnant persons report 

reading pregnancy related information online once a week or more.215 Internet use during 

pregnancy many vary by subgroup. Rates of internet use during pregnancy are slightly lower 

among racially diverse inner-city populations (70.8%), likely due in part to challenges accessing 

the internet.216 The prevalence of internet use during pregnancy has prompted investigation into 

motivational factors.  

Motivations for Internet Use During Pregnancy. The accessibility and immediacy of 

information, anonymity afforded online and challenge of making an appointment with a health 

care provider influence pregnant persons to seek out health information online.216,217 Pregnant 

persons report commonly searching for information before and after appointments for prenatal 
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care, and to meet needs between appointments.212,213,214,218 Internet searches were reportedly used 

to supplement, as well as to corroborate information provided by health professionals.212,215 

Pregnant persons commonly turned to the internet when information provided by health care 

providers was insufficient or unclear and due to feeling as if their provider was too busy or that 

they lacked time to receive answers to their question during prenatal care visits.212,213 They used 

the internet during pregnancy to find out information on their own, in order to gain the 

confidence to address health care providers as an equal.212 In particular, Low-income African 

American pregnant persons reported using the internet to prepare for prenatal care appointments 

commonly readying themselves to interrogate their provider.219 

Credibility and Influence on Decision Making. The majority of pregnant persons 

consider pregnancy related information found on the internet to be useful or somewhat 

useful.212,220,221 More than half of pregnant persons surveyed reported the internet influenced 

their thinking on how their pregnancy and birth should be managed.212 Confidence in decision 

making related to pregnancy was found to increase following internet use.221 Half of pregnant 

persons report trusting pregnancy related information found on the internet.214 Pregnant persons 

also recognized a need for caution in searching and reading pregnancy information found online 

and reported assessing information credibility by comparing across sites.213,217 Information found 

online has a marked effect on many pregnant persons’ decisions in pregnancy despite concerns 

about the credibility of information. 

Online Pregnancy Forums 

Pregnant persons searching for pregnancy information online are likely to encounter 

online discussion forums even when not explicitly seeking them out. The majority of pregnant 

persons locate internet sources using search engines such as google, which when using natural 
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language queries are likely to generate links to forum posts.212,222 Communication in online 

forums is primarily text-based. Conversations are organized in a tree like structure, with each 

thread displaying the original post and subsequent responses in reverse chronological order. 

Many of these forums are publicly viewable but require registration under a pseudonym to post. 

Online discussion forums often bring a large and varied community together, providing pregnant 

persons opportunities to hear first-hand accounts from peers. Engagement in online pregnancy 

forums can provides pregnant persons with reassurance that they were not alone, normalizing 

their experiences and reducing worry.213,217 Online forums offer a space for pregnant persons to 

give and receive support, when traditional sources of support are inadequate.213  

While perceptions of internet sources are primarily positive, pregnant persons also report 

negative impressions. Some pregnant persons report online searches provoke increased worry, 

with online discussion forums bring the most frequent source of worry.215 At times, posts were 

perceived as fear mongering, relaying horror stories of extreme or worst-case scenarios of 

pregnancy and provoking increased anxiety in readers.217,213 Pregnant persons also reported 

information overload when searching for pregnancy information online, with the vast and 

sometimes contradictory content prompting feelings of frustration and overwhelm.223,213 Despite 

negative aspects, for many pregnant persons the ease in which information can be accessed 

online and wealth of information available make the internet an attractive outlet to fulfil needs 

not met through prenatal care. 

Analysis of User Generated Content. While researchers have analyzed the use of online 

pregnancy forums through traditional qualitative and quantitative techniques, the archival nature 

of online content provides an opportunity for direct post analysis. Self-reported internet use may 

differ from what is born out in the online content itself. User generated online content is 
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abundant and has high rate of production. Analysis of online content can be resource saving, 

reducing cost, time and participant burden compared to traditional means. Content is naturally 

occurring, emerging without prompting for researchers or in many cases an awareness that 

content will be subsequently examined. This method can provide access to difficult to reach 

populations who would otherwise not participate in traditional research approaches such as 

interviews.224 The relative anonymity provided online may lead to greater openness and freedom 

of speech, facilitating discussion of sensitive topics.225,226  

While content analysis offers several advantages, there are also challenges inherent to 

this method, including limitations in demographic information available and ambiguity of ethical 

guidelines. Due to the anonymity provided in online forums, demographic information 

characterizing study samples is often not available. Debate has emerged in the transfer of offline 

ethical research standards to the online environment. Key ethical issues include determining 

whether an online community constitutes a public or private space, whether informed consent 

needs to be obtained and for whom and how and the extent to which anonymity should be 

protected.227,228 While requiring navigation of emerging research ethnics, user generated content 

online can serve as a rich and valuable source of information. Several studies have been 

conducted analyzing content shared in online pregnancy discussion forums.  

A Review of Studies Analyzing User Generated Content in Online Forums  

A review of the literature analyzing user generated content in online pregnancy forums 

uncovered twenty-seven studies. A systematic search of the Web of Science database was 

performed using the search terms "online” OR "virtual" AND "forum" OR "message board" OR 

“discussion group” AND “pregnancy” OR “pregnant” OR “perinatal” OR “postpartum” and 

reference lists of already retrieved papers reviewed. Articles were eligible for inclusion if they 
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reported original research, were published in English and the full text was accessible. Articles 

were excluded if they focused on groups other than pregnant or postpartum persons, did not 

involve analysis of user generated content and if they involved the analysis of content not made 

in an online forum dedicated to pregnancy for example posts made to individuals Facebook page 

or twitter feed. A description of the included studies is shown in table 10.   

Study Characteristics. Studies were published between 2008 and April 2022.229,230 

Studies were primarily published in the past decade, with fourteen published between the years 

of 2010 and 2019 and twelve between 2020 and May 2022. Online forums are often accessible 

across multiple nations. A single study restricted the sample to posts made by users within a 

specific region, this region was Nova Scotia.231 The majority of forums were selected using 

English language search terms and therefore captured online pregnancy forums popular in the 

United States, Canada, United Kingdom and Australia. In addition to English, forums were also 

located through searches in Swedish, Norwegian and Korean.232,229 Studies examined online 

forums including Babycenter (n=8), Netmums (n=3), Mumsnet (n=3), WhattoExpect (n=2), 

Barnimagen (n=1) and MomsholicaBaby (n=1), as well as Reddit pregnancy related subreddits 

(n=2). Other studies intentionally did not name the online forums where data was collected to 

enhance the privacy of posters (n=9). 

Study Samples. Online forums of study were selected based on forum focus, popularity, 

and privacy characteristics. Forums were primarily identified through key word searches in 

search engines in keeping with study focus. Online forums identified by search engines were 

then assessed for popularly and user engagement, with some studies employing website analytic 

tools to assist in selection. All online forums were viewable to non-members and identified 

usernames by pseudonyms. Some studies also required permission from forum moderators prior 
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to inclusion and one study posted a notice informing forum users of the nature of the study and 

their ability to remove posts at the top of the forum.233 Following selection of a single or multiple 

online pregnancy forums to examine, some studies further refined posts for inclusion using key 

word searches or based upon subforum title. Where further narrowing was needed posts were 

randomly selected or the first subset of posts was analyzed. While many studies included both 

initial and response posts in analysis, three studies only analyzed initial posts in each 

thread.234,235,236 The number of posts included in analysis varied from 71 to 262,238 posts.237,236 

Populations of Interest. Populations of interest varied greatly across studies. Four 

studies targeted general pregnancy or postpartum posts.238,239,236,240 While other studies targeted 

population subgroups by age (young mothers), parity (first and second-time moms), sexuality 

(lesbian mothers), mode of delivery (vaginal birth after cesarean and vaginal breech birth), 

current or previous birth trauma (pregnant following a pregnancy loss and pregnancy termination 

due to fetal anomaly), feeding method (breastfeeding and pumping),physical, mental and 

behavioral health conditions (pelvic girdle pain, urinary tract infection, muscular sclerosis, pelvic 

organ prolapse, post-childbirth maternal morbidities, perinatal depression and opioid use or 

misuse), medication use (psychotropic medication) and timeframe (COVID-19 pandemic). Study 

objectives broadly fall under two aims, exploring the beliefs or concerns expressed in online 

pregnancy forums or, examining patterns of interaction in online pregnancy forums (i.e., 

motivation for posting, response received, and quality of information provided). 

Methods of Analysis. The majority of studies analyzed posts using manual qualitative 

analysis using techniques of thematic analysis (n=11), content analysis (n=9), grounded theory 

(n=2), discourse analysis (n=1) or a Consensual Qualitative Research Approach (n=1). Some 

studies also employed word frequency counts, sentiment analysis or assessed information 
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accuracy through comparison with guideline care.239,240,241 Two studies employed the natural 

language processing (NLP) method of Latent Dirichlet Allocation topic modeling.236,230 NLP 

techniques use algorithmic approaches to process textual data. LDA topic models detect patterns 

in the data, probabilistically identifying co-occurring word grouping that often correspond with 

recognizable themes in the data.242 NLP techniques such as LDA can quickly process large 

amounts of data.243 Accordingly, studies employing LDA analyzed a larger number of posts than 

those applying manual analysis, analyzing a sample of 262,238 and 16,000 posts.236,230 

Study Findings. Among studies examining discussion topics in online pregnancy 

forums, common topics representing potential unmet information needs included maternal health 

particularly the physical symptoms of pregnancy and labor, baby related topics most prominently 

sleeping and feeding routines, and relationships with family or friends.236 Maternal and infant 

care remained primary topics of discussion in the postpartum period.244 In keeping these 

findings, users express a variety of questions about breastfeeding and pumping.245,246,247 The 

needs expressed by young first-time mothers posting in online forums fell into three areas, 

maternal wellbeing, child health and creating a positive environment to raise a child.248 Second-

time mothers expressed overlapping, as well as distinct informational needs from first-time 

mothers, in relation to their new identify as a mother of two, care for multiple children and the 

new family dynamics following birth of their second child.230 Examination of online pregnancy 

forums for specific physical, mental, and behavioral health conditions, provides insight into the 

lived experiences of pregnant persons managing these illnesses.233,249,237,250,251,229,252,253 While 

still other studies clarified pregnant persons’ beliefs and feelings concerning modes of delivery, 

pregnancy following loss, pregnancy termination due fetal anomaly and giving birth during the 

COVID-19 pandemic.234,235,254,232,240  
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In studies investigating communication patterns among users, posters were found to be 

motivated to seek support online due to unmet needs offline including limited access or 

frustration with their healthcare provider, a lack of support and exposure to contradictory 

information.238 Posters sought formal and informal pregnancy knowledge from peers, often 

sharing stories of their own experiences.238,239 While posts among pregnant teens were more 

often directed at establishing community than acquiring pregnancy information.241 Several 

studies applied social support typologies to posts. Emotional support was found to be the most 

common form of support displayed, with informational and instrumental support also 

present.255,256,241,231 Responses commonly normalized pregnant person’s experiences whether 

rightfully or incorrectly.231,257 While few studies assessed the accuracy of information provided 

through peer response, one study suggests a little over half of posts offer accurate information or 

advice while the other half provide incomplete or inaccurate information.239 These findings 

illuminate the nature of engagement in online forums dedicated to pregnancy, yet a number of 

gaps in the literature remain.  

New Techniques for the Study of Online Pregnancy Forums  

Online pregnancy forums contain millions of posts generated by pregnant persons. These 

posts represent a largely untapped opportunity to examine the concerns pregnant persons express 

in anonymous online environments. Analysis of this unprompted, naturalistic content can afford 

access to a diverse range of viewpoints that may not have been captured using traditional 

methods. Prior content analysis has primarily been conduction using manual qualitative methods. 

A review of literature uncovered only two studies that utilized NLP methods for the analysis of 

online pregnancy forum posts.  
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Qualitative analysis and natural language processing methods each carry strengths and 

weaknesses. Qualitative analysis can provide thick, rich descriptions of participants thoughts, 

feelings and lived experiences but is often time consuming and labor intensive thus precluding 

analysis of vast quantities of data such as the magnitude of which is available online. Whereas 

NLP methods can algorithmically identify patterns in large datasets quickly but do not offer a 

similar level of depth and contextual understanding.258 An alternative could be to draw on the 

advantages of both by combining qualitative analysis and NLP in a mixed methods analysis. 

Combining NLP with qualitative analysis allows researchers to embrace the volume of data 

online, utilizing NLP to organize data based on research relevance followed by qualitative 

analysis of a subset of data.259 Examination of content generated by pregnant persons can 

identify unmet needs in this critical period, contributing to knowledge and guiding enhancement 

of prenatal care quality.  

Dissertation Studies 

This dissertation is comprised of three empirical studies. Each study addresses gaps in 

knowledge introduced in the preceding review of literature.  

Manuscript One:  

Profound racial and ethnic disparities exist in perinatal health in the US. Black birthing 

persons and infants face significantly higher rates of mortality and morbidity compared to White 

peers. A life course perspective suggests the Black-White disparity in perinatal health is the 

result of differential risk exposure prior to conception. Discriminatory stressors are likely one 

mechanism underlying worsened perinatal health. Past research has been limited by the 

measurement of discrimination based on a single attribute, commonly race, when in practice 

individuals inhabit multiple oppressed or privileged social identities simultaneously. My first 
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manuscript applied an intersectional framework, to the examination of maternal discrimination. 

Investigating whether maternal discrimination experiences distinguish latent classes of pregnant 

patients and whether class designation is associated with risk of adverse perinatal health, 

utilizing the person-centered quantitative method of latent class analysis.  

Manuscript Two:  

GPNC is one of few interventions suggested to enhance health equity in perinatal health 

at the clinic level. Research suggest GPNC may improve birth outcomes including preterm birth 

and low birth weight among some patients. While GPNC is a promising alternative to traditional 

IPNC, not all patients are interested or will benefit from receiving prenatal care in this format, as 

evidenced by poor compliance to GPNC in RCTs. Few studies have examined patient 

characteristics associated with patient GPNC session attendance. My second dissertation 

manuscript applied a concurrent mixed methods design to the investigation of patient and group 

characteristics predictive of GPNC participation.  

Manuscript Three: 

For many pregnant persons the desire for peer support during pregnancy bridges online. 

Pregnant persons frequently turn to the internet to meet unmet information and support needs. 

Some engage in online pregnancy discussions forums that facilitate peer to peer interaction. 

Analysis of the large and diverse user generated content in online pregnancy forums can provide 

insight into what information pregnant persons are seeking out online. My third dissertation 

manuscript applied the NLP technique of LDA topic modeling to investigate the dominant topics 

being discussed and what proportion of these topics relate to health.  
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Tables and Figures 

Table 2.1 Primary outcomes in studies of discrimination and perinatal health 

 Author, Year Neonatal Outcomes Maternal Outcomes 

  PTB/GA LBW/BW 
Mental 

Health 

Health 

Behaviors 

Physical 

Disease  

Stress 

Indicators  

Shiono et al., 1997 88   X         

Collins et al., 2000 260   X         

Rosenberg et al., 2002 95 X           

Dole et al., 2003 98 X           

Dole et al., 2004 99 X           

Mustillo et al., 2004 93 X X         

Lespinasse et al., 2004 261   X         

Collins et al., 2004 260   X         

Dominguez et al., 2008 110   X         

Dailey et al., 2009 100   X         

Misra et al., 2010 117 X           

Bennett et al., 2010 101     X X     

Rankin et al., 2011 262 X           

Carty et al., 2011 94   X         

Dixon et al., 2012 263   X         

Giurgescu et al., 2012 113 X   X       

Ertel et al., 2012 119     X       

Christian et al., 2012 122           X 

Earnshaw et al., 2013 102   X         

Hilmert et al., 2014 97   X         

Slaughter-Acey et al., 

2016 116 
X           

Giurgescu et al., 2016 121           X 

Francis et al., 2017 103       X     

Giurgescu et al., 2017 264     X      

Gilliespie and Anderson, 

2018 114 
 X         X 

Bower et al., 2018 89 X           

Grobman et al., 2018 115 X X      X   

Slaughter-Acey et al., 

2019 111 
  X         

Daniels et al., 2020 112 X           

Mahrer et al., 2021 265 X           

Hackney et al., 2021 96 X X X       
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Segre et al., 2021 90     X       

MacGregor et al., 2021 104         X   

Gillespie et al., 2021 120      X     X 

Barber & Robinson, 2022 
92 

X X         

Weeks et al., 2022 91     X       

Abbreviations: PTB preterm birth, GA gestational age at birth, LBW low birth weight, BW birth weight 

 
Table 2.2 Studies investigating discrimination and gestational age at birth 

Author, Year  Design/Sample Discrimination 

Measure 

Outcome 

Variables 

Findings 

Rosenberg et 

al. 2002 95 

Case control 

 

Black women who 

gave birth in the 

previous 2 years 

 

N=422 Cases  

N=4,544 Controls 

Experience of 

Discrimination Scale 

(EOD) measuring 

lifetime exposure to 

racial discrimination 

Preterm 

birth  

Two of the nine items measuring racial 

discrimination were significantly 

associated with increased odds of 

preterm delivery. These items included 

report of unfair treatment on the job 

(OR1.3; 95% 1.1 to 1.6) and report that 

people acted afraid of them at least 

once a week (OR 1.4 ;95% CI 1.0 to 

1.9). 

Dole et al., 

2003 98 

Prospective cohort 

 

N=1,962 African 

American and 

White women, 

from two prenatal 

clinics in Central 

NC 

Experience of 

Discrimination Scale 

(EOD) measuring 

lifetime exposure to 

racial and gender 

discrimination 

 

Preterm 

birth  

Experience of higher racial 

discrimination was associated with 

increased risk of preterm birth when 

compared to no experience of racial 

discrimination (RR 1.4; 95% CI 1.0 to 

2.0). Experience of gender 

discrimination and risk of preterm birth 

neared but did not reach significance 

(RR 1.2; 95% CI 0.9 to 1.7). 

Dole et al., 

2004 99 

Prospective cohort 

 

N=1,898 African 

American and 

White women, 

from two prenatal 

clinics in Central 

NC 

 

Experiences of 

Discrimination Scale 

(EOD) measuring 

lifetime exposure to 

racial and gender 

discrimination, 

modified to discuss 

discrimination in 

getting medical care 

for this pregnancy  

 

Preterm 

birth  

Race stratified analysis determined, 

African American women who reported 

experiencing high levels of racial 

discrimination were at increased risk of 

preterm birth compared to those 

reporting no racial discrimination (RR 

1.8; 95% CI 1.1 to 2.9). Experience of 

racial discrimination was not 

significantly associated with risk of 

preterm birth among white women in 

this sample. Experience of gender 

discrimination, was not significantly 

associated with risk of preterm birth in 

either racial group, though neared 

significance among American Women 

(RR 1.6; 95% CI 0.9 to 2.6). 

Mustillo et 

al., 2004 93 

Prospective cohort 

 

N=352 African 

American women, 

from 

Birmingham, AL, 

Chicago, IL, 

Experience of 

Discrimination Scale 

(EOD) measuring 

lifetime exposure to 

racial discrimination 

Preterm 

birth  

Women reporting three or more 

experiences of racial discrimination 

were at higher risk of preterm delivery 

than those reporting no racial 

discrimination (OR 3.05; 95% CI 1.29 

to 7.24).  
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Oakland, CA and 

Minneapolis, MI 

Misra et al., 

2010 117 

Hybrid 

retrospective and 

prospective cohort 

 

N=832 African 

American women, 

from Baltimore, 

MD 

 

Racism and Lifetime 

Experiences Scale 

(RALES) measuring 

lifetime racial 

discrimination 

exposure 

 

Racism-Related 

Experiences (RRE) 

Scale measuring 

response to racism  

Preterm 

birth  

Lifetime and acute experiences of racial 

discrimination were not associated with 

increased risk of preterm birth in this 

sample. A three-way interaction was 

observed between lifetime experiences 

of racism, depressive symptoms during 

pregnancy and stress during pregnancy 

on risk of preterm birth. Lifetime 

racism scores above the median was 

associated with an increased risk of 

preterm birth in three subgroups 

moderated by depressive symptoms and 

stress.  

Rankin et al., 

2011 262 

Case control 

 

African American 

women, from 

Chicago, IL 

 

N=160 Cases  

N=117 Controls 

Modified version of 

the Perceived 

Racism Scale (PRS) 

measuring lifetime 

and past year 

exposure to racial 

discrimination 

Preterm 

birth  

Women with high past year exposure to 

perceived racial discrimination were 

significantly more likely to have infants 

born preterm and low birth weight than 

those with low or moderate exposure 

(OR 2.5; 95% CI 1.2 to 5.2). 

Giurgescu et 

al., 2012 113 

Cross-sectional  

 

N=72 African 

American women, 

from Chicago, IL 

 

Experience of 

Discrimination Scale 

(EOD) measuring 

lifetime exposure to 

racial discrimination 

Preterm 

birth  

Experience of racial discrimination was 

not significantly associated with 

preterm birth in this sample.  

Slaughter-

Acey et al., 

2016 116 

Retrospective 

cohort 

 

N=1,410 Black 

women, from 

Detroit, MI 

 

Daily Life 

Experiences of 

Racism and Bother 

(DLE-B) measure of 

stressfulness of 

racial micro 

aggressions 

experienced during 

the past year  

Preterm 

birth  

Women who experienced moderate 

levels of daily racial discrimination 

were more likely to have a preterm 

birth than those who experienced low 

levels of daily racial discrimination 

(OR 1.67; 95% CI 1.16 to 2.40). Sub-

analysis suggested this association 

differed by severity of depression 

symptoms. 

Bower et al., 

2018 89 

Cross-sectional 

 

N=11,582 Non-

Hispanic Black 

women, PRAMS 

respondents from 

12 jurisdictions 

Single item, feeling 

emotionally upset by 

racial discrimination 

in the year prior to 

delivery 

Preterm 

birth  

Women who felt upset by experiences 

of racial discrimination in the year prior 

to delivery were more likely to have a 

preterm birth than those who were not 

upset by experiences of racial 

discrimination (OR 1.29; 95% CI 1.04 

to 1.59). 

Gillespie and 

Anderson, 

2018 114 

Prospective cohort 

 

N=91 African 

American women, 

from two 

midwestern 

prenatal clinics 

Experience of 

Discrimination Scale 

(EOD) measuring 

lifetime exposure to 

racial discrimination  

Gestation

al age at 

birth  

Experience of racial discrimination was 

not associated with gestational age at 

birth in this sample.  

Grobman et 

al., 2018 115 

Cross-sectional 

 

Experience of 

Discrimination Scale 

(EOD) measuring 

Preterm 

birth  

Experience of racial discrimination was 

not associated with preterm birth in this 

sample.  
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N=9,470 

Nulliparous 

women, from 

eight clinical sites 

across the US 

lifetime exposure to 

racial discrimination 

Daniels et 

al., 2020 112 

Cross-sectional 

 

N=173 African 

American women, 

from the San 

Francisco Bay 

area 

  

Measurement of 

direct and vicarious 

racial discrimination 

at three time points: 

childhood, 

adolescence, 

adulthood  

 

Modified version of 

the Everyday 

discrimination Scale 

(EDS) measuring the 

frequency and 

source of chronic 

experiences of 

discrimination 

attributed to race, 

ethnicity, or skin 

color  

 

And measures 

adapted from 

Dominquez et al., 

2008  

Preterm 

birth  

The association between discrimination 

and preterm birth varied by life stage 

and whether discrimination was direct 

or vicarious. Each unit increase in 

adolescent direct racial discrimination 

was associated with a 48% increase in 

odds of preterm birth (OR 1.48; 95% 

CI 1.00,2.19; p < 0.05) and each unit 

increase in childhood vicarious racial 

discrimination was associated with a 

45% increase in odds of preterm birth 

(OR 1.45; 95% CI 1.01,2.09; p<0.05). 

Other discrimination variations (adult 

direct and vicarious, adolescent 

vicarious and childhood direct racial 

discrimination) were not associated 

with preterm birth in this sample.  

Hackney et 

al., 2021 96 

Prospecting cohort 

 

N= 199 women 

working full time 

 

Workplace 

Prejudice/Discrimin

ation Inventory 

adapted to focus on 

pregnancy 

discrimination  

Gestation

al age at 

birth  

Perceived pregnancy discrimination in 

the workplace was indirectly associated 

with lower gestational age at delivery 

through maternal stress (B=-.19, 

p=.02). 

Mahrer et 

al., 2021 265 

Prospective cohort 

 

N=360 Women, 

from Washington, 

DC, Baltimore, 

MD, Los Angeles 

Country, CA, 

Lake Country, IL 

and seven counties 

in eastern NC 

Everyday 

discrimination Scale 

(EDS) measuring the 

frequency and 

source of chronic 

experiences of 

discrimination 

Length 

of 

gestation 

Latent stress factors of stress appraisals 

and stressors the later including 

discrimination experiences were 

associated with shorter gestation length 

(Stress appraisals: B=-.19; p<.01; 

Stressors: B=-.59; p<.01). 

Barber and 

Robinson, 

2022 92 

Cross-sectional 

 

N=2,634 women, 

PRAMS 

respondents from 

Virginia 

two items, 

experience of racial 

discrimination and 

being emotionally 

upset by racial 

discrimination in the 

year prior to delivery  

Preterm 

birth 

 

  

In race stratified analysis, racial 

discrimination was not significantly 

associated with likelihood of preterm 

birth among non-Hispanic white 

women and women of other races. 

However, among non-Hispanic black 

women, those reporting racial 

discrimination had greater risk of 

preterm birth (OR 7.18; 95% CI 2.28 to 

22.65). 
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Table 2.3 Studies investigating discrimination and infant birth weight or size 

Author, 

Year  

Design/Sample Discrimination 

Measure 

Outcome 

Variables 

Findings 

Shiono et 

al., 1997 88  

Cross-sectional 

 

N=1150 

Women, from 

Chicago, IL and 

New York City 

Experience of one or 

more incidents of racial 

discrimination during 

pregnancy 

Birthweight  Experience of racial discrimination 

during pregnancy was not 

associated with birthweight in this 

sample.  

Collins et 

al., 2000 118 

Case control 

 

African 

American 

women, from 

Chicago, IL 

 

N=25 Cases  

N=60 Control 

Modified Experiences of 

Discrimination (EOD) 

Scale measuring lifetime 

exposure to racial 

discrimination during 

pregnancy  

Very low 

birthweight  

In the overall sample, experience of 

racial discrimination during 

pregnancy was not associated with 

risk of very low birthweight. 

However, among women with two 

or more risk factors (high parity, 

late/no prenatal care, inadequate 

social support, cigarette smoker, 

alcohol or illicit drug use) 

experience of racial discrimination 

during pregnancy was associated 

with increased likelihood of very 

low birthweight (OR 4.4; 95% CI 

1.1 to 18).  

Collins et 

al., 2004 260 

Case control  

 

African 

American 

women, from 

Chicago, IL 

 

N=104 Cases  

N=208 Controls 

 

Modified Experiences of 

Discrimination (EOD) 

Scale measuring lifetime 

and pregnancy exposure 

to racial discrimination 

 

Perceived Racism Scale 

(PRS) measuring 

lifetime and past years’ 

experience of racial 

discrimination at place 

of employment  

Very low 

birthweight  

The odds of delivering a very low 

birthweight infant increased with 

lifetime exposure to racial 

discrimination in a single domain 

(OR 1.9; 95% CI 1.2 to 3.1), as well 

as three or more domains (OR 3.2; 

95% CI 1.5 to 6.6) suggesting a 

dose response relationship.  

Lespinasse 

et al., 2004 
261 

Case control  

 

African 

American 

women, from 

Chicago, IL 

 

N=104 Cases  

N=208 Controls 

 

Experience of 

Discrimination Scale 

(EOD) measuring 

lifetime exposure to 

racial discrimination 

Very low 

birthweight  

Women who reported racial 

discrimination in one or more 

domains and three or more domains 

were more likely to give birth to a 

very low birthweight infant 

compared to women who reported 

no discrimination (one or more: OR 

1.9; 95% CI 1.2 to 3.0; p<.05, three 

or more: OR 2.7; 95% CI 1.3 to 5.4; 

p<.05). 

Mustillo et 

al., 2004 93 

Prospective 

cohort 

 

N=352 African 

American 

Women, from 

Birmingham, 

AL, Chicago, 

Experience of 

Discrimination Scale 

(EOD) measuring 

lifetime exposure to 

racial discrimination 

Low 

birthweight  

Women reporting three or more 

experiences of racial discrimination 

were at higher risk of low 

birthweight than those reporting no 

discrimination (OR 4.95; 95% CI 

1.43 to 17.39). 
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IL, Oakland, 

CA and 

Minneapolis, 

MI 

Dailey et 

al., 2009 100 

Prospective 

cohort 

 

N=108 African 

American 

women, from 

Northern 

California 

 

Everyday discrimination 

Scale (EDS) measuring 

the frequency and source 

of chronic experiences 

of discrimination  

Birthweight Discrimination due to maternal age 

and physical disability were 

significant predictors of birthweight 

(age: B .18, p=.04; physical 

disability: B -.26, p.<.001). 

Dominquez 

et al., 2008 
110 

Prospective 

cohort 

 

N=124 African 

American and 

non-Hispanic 

White women, 

from Los 

Angeles 

County, CA 

 

Modified Experiences of 

Discrimination (EOD) 

Scale measuring lifetime 

exposure to racial 

discrimination 

 

Four separate sets of 

questions, whether they 

or someone close to 

them (direct or 

vicarious) experienced 

discrimination because 

of their race in 

childhood or adulthood  

Birthweight 

adjusting 

for 

gestational 

age at 

delivery  

Each unit increase in perceived 

racism across the lifetime was 

associated with a 39.6 gram 

decrease in birthweight (B=10.17; 

p<.05). Perceived racism vicariously 

experienced as a child was 

associated with decreased birth 

weight (B=-.25; p<.01). In racially 

stratified analysis, lifetime 

perceived racism (B=-.28; p<.05) 

and childhood-vicarious perceived 

racism (B=-.26; p<.05) predicted 

significant additional variance in 

birthweight in infants of African 

American women but not in those of 

non-Hispanic White women. 

Lifetime perceived racism and 

childhood vicarious racism 

mediated the relationship between 

race and infant birthweight. 

Carty et al., 

2011 94 

Cross-sectional 

 

N=629 African 

American and 

White women, 

from urban 

areas of 

Genesee and 

Saginaw 

Counties, MI 

Modified Everyday 

discrimination Scale 

(EDS) measuring 

frequency of racial 

discrimination in the 

past year  

 

Measurement of group-

impact racism and 

racism related stress 

adapted from the Racism 

and Life Experiences 

Scale (RALES) 

 

Racism-Related 

Experiences (RRE) 

Scale measuring 

response to racism 

Low 

birthweight  

The association between emotional 

responses to racism related 

experiences and low birthweight 

neared but did not reach 

significance (OR 1.17; 95% CI 0.93 

to 1.48).  

Dixon et al., 

2012 263 

Prospective 

cohort 

 

N=539 racial 

and ethnic 

Experiences of 

Discrimination (EOD) 

Scale measuring lifetime 

exposure to racial 

discrimination 

Birthweight 

for 

gestational 

age 

Mothers who reported three or more 

domains of racial discrimination 

gave birth to infants of lower 

birthweight than those reporting no 
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minority 

women, from 

eastern 

Massachusetts 

 

 racial discrimination (B -0.25; 95% 

CI -0.45 to -0.45). 

Earnshaw et 

al., 2013 102 

Prospective 

cohort 

 

N=420 Black 

and Latina 

women, from 

New York City 

 

Modified Everyday 

discrimination Scale 

(EDS) measuring the 

frequency and source of 

chronic experiences of 

discrimination 

Low 

birthweight  

Women who experienced 

discrimination were more likely to 

have a low birthweight infant than 

those who did not experience 

discrimination (OR 2.78; p=0.5). 

Depressive symptoms mediated this 

relationship (B=1.04; p<.01), such 

that everyday discrimination was 

associated with increased depressive 

symptoms and depressive symptoms 

were associated with giving birth to 

a low birthweight infant. 

Hilmert et 

al., 2014 97 

Prospective 

cohort 

 

N=39 African 

American 

women, from 

Los Angeles 

and Orange 

County, CA 

 

Modified Experiences of 

Discrimination Scale 

(EOD) measuring 

lifetime exposure to 

racial discrimination 

 

Subscales for direct and 

indirect racial 

discrimination exposure 

in childhood and 

adulthood  

Birthweight 

adjusting 

for 

gestational 

age at 

delivery  

The association between experience 

of overall racial discrimination and 

birthweight neared but did not reach 

significance (B=--27, p<.10). 

Experience of personal racial 

discrimination in adulthood was 

associated with reduced birthweight 

(B=-.26; p<.05). The racism by 

change in maternal systolic blood 

pressure interaction was significant 

for childhood indirect (B=--.25; 

p<.05) and neared significance for 

childhood personal racism (B=--22; 

p=.10).   

Grobman et 

al., 2018 115 

Cross-sectional 

 

N=9,470 

Nulliparous 

women, from 

eight clinical 

sites across the 

US 

 

Experience of 

Discrimination Scale 

(EOD) measuring 

lifetime exposure to 

racial discrimination 

Small for 

gestational 

age 

Perceived discrimination was not 

significantly associated with small 

for gestational age birth.  

Slaughter-

Acey et al., 

2019 111 

Hybrid 

retrospective 

and prospective 

cohort 

 

N=778 African 

American 

women, from 

Baltimore City, 

MD 

 

Racism and Lifetime 

Experiences Scale 

(RALES) measuring 

frequency of racial 

discrimination (direct, 

vicarious, and 

collective) and racism-

related stress  

  

Small for 

gestational 

age  

Experience of racism was not 

associated with odds of small for 

gestational age in the overall 

sample. In age stratified analysis, 

overall experience of racism and 

experience of group racism were 

associated with higher odds of small 

for gestational age among women 

aged 25 or older (overall: OR 1.45; 

95% CI 1.02 to 2.08, group: OR 

2.84; 95% CI 1.10-7.32). Overall 

experience of racism and experience 

of group racism were not 

significantly associated with small 

for gestational age among women 

18 or younger or 19-24. 
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Hackney et 

al., 2021 96 

Prospective 

cohort 

 

N=199 women 

working full 

time 

Workplace 

Prejudice/Discrimination 

Inventory adapted to 

focus on pregnancy 

discrimination  

Birthweight  Perceived pregnancy discrimination 

in the workplace was indirectly 

associated with lower birthweight 

through maternal stress (B=-.19, 

p<.01). 

Barber and 

Robinson, 

2022 92 

Cross-sectional 

 

N=2,634 

women, 

PRAMS 

respondents 

from Virginia 

 

2 items, experience of 

racial discrimination and 

being emotionally upset 

by racial discrimination 

in the year prior to 

delivery 

Low 

birthweight, 

Small for 

gestational 

age    

Racial discrimination was 

associated with greater likelihood of 

low birthweight (OR 2.27; 95% CA 

1.18 to 4.38). In race stratified 

analysis, racial discrimination was 

not significantly associated with low 

birthweight among non-Hispanic 

white women and women of other 

races. However, among non-

Hispanic black women, those 

reporting racial discrimination were 

more likely to deliver a low 

birthweight infant (OR 3.56; 95% 

CI 1.28 to 9.91).  

 

Table 2.4 Studies investigating discrimination and maternal health outcomes 

Outcome 

Category 

Author, 

Year  

Design/ 

Sample 

Discrimination 

Measure 

Outcome 

Variables 

Findings 

Mental 

health &  

Health 

behaviors  

Bennett et 

al., 2010 
101 

Cross-

sectional 

 

N=4,454 

women, from 

Philadelphia,P

A 

Everyday 

discrimination Scale 

(EDS) measuring 

the frequency and 

source of chronic 

experiences of 

discrimination  

 

Modified Scale of 

Major 

Discrimination 

measuring 

discrimination in 

hiring and policing  

Perinatal 

depressive 

symptoms, 

Smoking 

during 

pregnancy,  

Alcohol 

use  

Only everyday 

discrimination remained 

significantly associated with 

outcomes following 

adjustment. Women with 

high levels of perceived 

everyday discrimination 

were more likely than 

women with no or little 

discrimination to have 

depressive symptoms 

(PR=1.82; 95% CI 1.49, 

2.21). Everyday 

discrimination was 

associated with smoking 

during pregnancy (PR 1.41, 

95% CI 1.15-1.74) and 

recent alcohol use (PR 1.23, 

95% CI 1.12-1.36). 

Mental 

health  

Ertel et 

al., 2012 
119 

Prospective 

cohort  

 

Non-Hispanic 

Black women, 

2 cohorts 

drawn from 

eight 

obstetrical 

practices in the 

Modified 

Experiences of 

Discrimination 

Scale (EOD) 

measuring lifetime 

exposure to racial 

discrimination 

Depressive 

symptoms  

Experiences of racial 

discrimination were 

associated with increased 

odds of depression 

symptoms among women 

recruited from public clinics 

(OR 1.48; 95% CI 

1.24,1.76). Among women 

recruited from private 

practices, experiences of 

racial discrimination were 
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greater Boston 

area, MA 

 

Public clinics 

n=532 

Private 

practices 

n=352 

not significantly associated 

with increased odds of 

depression symptoms (OR 

1.13; 95% CI 0.93,1.38). 

Mental 

health 

Giurgescu 

et al., 

2012 113 

Cross-

sectional  

 

N=72 African 

American 

women, from 

the postpartum 

unit of a 

medical center 

in Chicago, IL 

Experience of 

Discrimination 

Scale (EOD) 

measuring lifetime 

exposure to racial 

discrimination 

Psychologi

cal general 

wellbeing  

Experiences of racial 

discrimination did not 

predict psychological 

wellbeing in this sample.  

Stress 

indicators  

Christian 

et al., 

2012 122 

Prospective 

cohort  

 

N=56 Black 

and white 

women, Ohio 

State 

University 

Medical 

Center  

Experiences of 

Discrimination 

(EOD) Scale 

measuring lifetime 

exposure to racial 

discrimination 

Epstein-

Barr virus 

reactivity 

in 

pregnancy 

and 

postpartum 

Black women who reported 

high discrimination showed 

higher EBQ VCA IgG 

antibody titers than Black 

women who reported low 

discrimination in the first 

trimester p=0.04) and then 

white women at all time 

points (p<0.001).  

Stress 

indicators 

Giurgescu 

et al., 

2016 121 

Cross-

sectional 

 

N=96 African 

American 

women, from a 

midwifery 

practice of a 

medical center 

in Chicago, IL 

Experience of 

Discrimination 

Scale (EOD) 

measuring lifetime 

exposure to racial 

discrimination 

Systematic 

inflammati

on 

Maternal experiences of 

racial discrimination were 

associated with higher 

systematic inflammation in 

the form of higher cytokine 

levels of IL-4 (B=2.16, 95% 

CI 1.02, 3.30, p<.001) and 

IL-6 (B=1.86, 95% CI 0.61, 

3.11, p<.05). 

Mental 

health  

Giurgescu 

et al., 

2017 264 

Cross-

sectional 

 

N=107 African 

American 

women, from a 

university-

based nurse 

midwifery 

practice  

Experience of 

Discrimination 

Scale (EOD) 

measuring lifetime 

exposure to racial 

discrimination 

Psychologi

cal general 

wellbeing  

Experiences or racial 

discrimination were 

negatively associated with 

psychological wellbeing 

(b=-1.96,95% CI -3.80 to -

.21; p=.031). 

Health 

behaviors 

Francis et 

al., 2017 
103 

Prospective 

cohort 

 

N=640 

Women, from 

a hospital and 

University in 

Ohio  

Everyday 

Discrimination 

Scale (EDS) 

measuring the 

frequency and 

source of chronic 

experiences of 

discrimination, 

Perinatal 

sleep 

quality  

Everyday experiences of 

racial discrimination were 

associated with poorer 

overall sleep quality (B=.08; 

95% CI .03 to .13; p<.05) 

but was not significantly 

associated change in sleep 

quality overtime.  In race 
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 examined 

discrimination 

attributed to race 

only 

stratified analysis, sleep 

quality (B=.02; 95% CI .01 

to .03; p<.05) and sleep 

duration (b=.02; 95% CI .01 

to .04; p<.05) were 

associated with everyday 

racial discrimination among 

White women but not Black 

women. Alternatively, 

daytime dysfunction (b=.01; 

95% CI .002 to 0.2; p<.05) 

and sleep latency (B=.01; 

95% .002 to 0.3; p<.05) 

were associated with 

everyday racial 

discrimination among Black 

women but not among 

White women. 

Stress 

indicators  

Gillespie 

and 

Anderson, 

2018 114 

Prospective 

cohort 

 

N=91 African 

American 

women, from 

two 

midwestern 

prenatal clinics 

Experience of 

Discrimination 

Scale (EOD) 

measuring lifetime 

exposure to racial 

discrimination  

Maternal 

cortisol 

levels and 

leukocyte 

glucocortic

oid 

sensitivity  

There was no main effect of 

racial discrimination on 

maternal cortisol levels. 

However, a significant 

discrimination by response 

interaction was observed, 

such that experiencing 

moderate discrimination 

was associated with greater 

maternal cortisol levels than 

no discrimination among 

women reporting 

internalizing responses 

(b=0.68; p=0.001). Racial 

discrimination was 

negatively associated with 

leukocyte glucocorticoid 

sensitivity. 

Physical 

disease  

Grobman 

et al., 

2018 115 

Cross-

sectional 

 

N=9,470 

Nulliparous 

women, from 

eight clinical 

sites across the 

US 

Experience of 

Discrimination 

Scale (EOD) 

measuring lifetime 

exposure to racial 

discrimination 

Hypertensi

ve disease 

of 

pregnancy  

Perceived discrimination 

was not significantly 

associated with hypertensive 

disease of pregnancy in this 

sample.  

Mental 

health 

Segre et 

al., 2020 
90 

Cross-

sectional 

 

N=2,805 

Women, 

Pregnancy 

Risk 

Assessment 

Monitoring 

System 

(PRAMS) 

Single item, feeling 

emotionally upset 

by racial 

discrimination in the 

year prior to 

delivery 

Postpartum 

depression  

Women emotionally upset 

by racial discrimination in 

the year prior to their baby 

being born were more likely 

to experience depressed 

moods postpartum than 

those not emotionally upset 

by racial discrimination (OR 

2.15; 95% CI 1.07-4.31). 
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postnatal 

survey 

respondents 

from Iowa 

Mental 

health  

Hackney 

et al., 

2021 96 

Prospective 

cohort 

 

N=199 

pregnant 

persons 

working full 

time, Amazon 

Mechanical 

Turk (MTurk), 

online 

pregnancy 

forums and 

social media 

sites 

Workplace 

Prejudice/Discrimin

ation Inventory 

adapted to focus on 

pregnancy 

discrimination  

Perceived 

stress, 

Postpartum 

depressive 

symptoms 

Perceived pregnancy 

discrimination in the 

workplace was associated 

with increased stress 

(B=.31; p<.001).  Maternal 

stress was associated with 

increased postpartum 

depressive symptoms 

(B=.53; p<.001). Perceived 

pregnancy discrimination in 

the workplace was 

indirectly associated with 

increased levels of 

postpartum depressive 

symptoms through maternal 

stress (B=.53, p<.01). 

Mental 

health & 

Stress 

indicators 

Gillespie 

et al., 

2021 120  

Prospective 

cohort 

 

N=93 Non-

Hispanic 

Black women, 

Ohio State 

University  

 

Experience of 

Discrimination 

Scale (EOD) 

measuring lifetime 

exposure to racial 

discrimination 

Systematic 

inflammati

on, prenatal 

perceived 

stress, 

depressive 

symptoms 

Associations between racial 

discrimination and 

inflammation varied by 

rating of total life course 

stress (p=0.034). When total 

life stress was low, 

moderate discrimination 

was associated with the 

highest systematic 

inflammation levels. Greater 

racial discrimination was 

associated with higher 

prenatal perceived stress 

(t=2.43; p=.017) but not 

prenatal depressive 

symptoms. 

Physical 

disease  

MacGrego

r et al., 

2021 104 

Prospective 

cohort 

 

N=595 

Women 

without 

pregestational 

diabetes, from 

four sites: 

Chicago, IL, 

Schuylkill 

County, PA, 

Pittsburgh, PA 

and San 

Antonio TX 

Everyday 

discrimination Scale 

(EDS) measuring 

the frequency and 

source of chronic 

experiences of 

discrimination  

 

Incidence 

of 

gestational 

diabetes 

mellitus  

Women scoring in the top 

discrimination quartile were 

significantly more likely to 

develop gestational diabetes 

mellitus than those with 

lower scores (12.8% vs. 

7.0%; OR 2.11; 95% CI 

1.03 to4.22). Obesity was 

found to mediate 22.6% of 

this relationship between 

discrimination and 

gestational diabetes 

mellitus. 

Mental 

health  

Weeks et 

al., 2022 
91 

Cross-

sectional 

 

N=18,785 

Women of 

Single item, feeling 

emotionally upset 

by racial 

discrimination in the 

Postpartum 

depression  

Being upset by recent racial 

discrimination was 

associated with higher odds 

of postpartum depression 

(OR 2.7; 95% CI 2.2 to 3.4). 



 95 

color 

(Hispanic, 

non-Hispanic 

Black and non-

Hispanic 

“other” race), 

Pregnancy 

Risk 

Assessment 

Monitoring 

System 

(PRAMS) 

postnatal 

survey 

respondents 

from nine 

jurisdictions 

year prior to 

delivery 

In race stratified analysis, 

the relationship remained 

significant in all races but 

was strongest for non-

Hispanic Black women 

(Hispanic OR 2.2; 95% CI 

1.4 to 3.4, women of other 

races: OR; 2.2; 95% CI 1.5 

to 3.3, non-Hispanic Black: 

OR 3.5; 95% CI 2.6 to 4.8). 

 
Table 2.5 Primary outcomes examined in randomized controlled trials of group prenatal care 

  Neonatal Maternal Care  

Region Author(s) PTB LBW NICU MDD/ 

PPD 

BF Adeq. Sat. Other 

US Ickovics et 

al., 2007 160 

X X   X X X  

Ickovics et 

al., 2011 163 

   X     

Ickovics et 

al., 2016 164 

X X X  X    

Felder et al., 

2017 165 

   X     

Kennedy et 

al., 2011 190 

X X X X  X X  

Tubay et al., 

2019 166 

 X  X   X  

Crocket et 

al., 2022 167 

X X       

Mazzoni et 

al., 2020 155 

   X    Diabetes 

support 

Carter et al., 

2022 154 

X X X  X X X Diabetes 

management  

Iran Jafari et al., 

2010 152  

X X   X    

Sweden Andersson et 

al., 2013 150 

     X X  

Africa Grenier et 

al., 2019 156 

     X   

Mckinnon et 

al., 2020 168 

 X  X X X   

Patil et al., 

2017 153 

    X X X HIV knowledge 

Patil et al., 

2017 169 

       Pregnancy 

empowerment 

Liese et al., 

2021 170 

     X   
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Jeremiah et 

al., 2021 171 

       HIV partner 

communication 

Sayinzoga et 

al., 2021 172 

X     X   

Abbreviations: US, United States; PTB, preterm birth; LBW low birthweight; NICU, neonatal intensive care unit; 

MDD, major depressive disorder; PPD, postpartum depression; BF, breast feeding; Adeq, adequacy; Sat, 

satisfaction  
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Table 2.6 Characteristics of randomized control trials of group prenatal care in the US 

Author(s), 

Year 

Design & 

Study 

Years  

Participant 

Characteristics, N 

& Setting 

Intervention 

& Control  

Outcomes Findings 

Ickovics et 

al., 2007 160 

RCT 

 

2001-

2004 

Young women (14-

25) 

 

Medically low risk  

 

n=1,047 

 

Two publicly 

funded university-

affiliated hospital 

prenatal clinics in 

New Haven, CT 

and Atlanta, GA 

CenteringPregn

ancy (CP) and 

CenteringPregn

ancy Plus (CP+) 

 

Standard 

individual care 

Preterm birth, 

low birth weight, 

cost of care, 

adequacy of 

prenatal care, 

Apgar score at 5 

minutes, 

breastfeeding 

initiation, 

pregnancy 

knowledge, 

prenatal distress, 

preparedness for 

delivery and 

infant care, 

satisfaction with 

prenatal care 

GPNC patients were 

significantly less likely 

to deliver preterm 

(13.8% vs. 9.8%; OR 

0.67; 95% CI 0.44 to 

0.99; p=.045). These 

effects were stronger 

when examined in 

African American 

women (15.8% vs. 

10.0%; OR 0.59; 95% CI 

0.38 to 0.92; p=.02). 

GPNC patients were less 

likely to have suboptimal 

prenatal care (p<.01), 

were more satisfied with 

care (p<.001), had 

greater prenatal 

knowledge (p<.001) and 

had higher breastfeeding 

initiation (66.5% vs. 

54.6%, p<.001).  

Ickovics et 

al., 2011 163 

RCT 

 

2001-

2004 

Young women (14-

25) 

 

Medically low risk 

 

n=1,047 

 

Two publicly 

funded university-

affiliated hospital 

prenatal clinics in 

New Haven, CT 

and Atlanta, GA 

CenteringPregn

ancy Plus (CP+) 

 

Standard 

individual care 

Stress, self-

esteem, social 

support, social 

conflict, 

depressive 

symptoms,  

No difference in 

psychosocial function 

between GPNC and 

IPNC patients in the 

overall sample. 

However, among 

patients in the top tertial 

of stress early in 

pregnancy (n=388), CP+ 

patients reported 

significantly higher self-

esteem (t=-2.64; 

p=0.009), lower stress 

(t=2.84; p=0.005) and 

lower social conflict 

(t=2.68; p=0.008) in the 

third trimester of 

pregnancy. Among 

patients in the top tertial 

of stress, CP+ patients 

reported lower social 

conflict (t=2.89; 

p=0.004) and depressive 

symptoms (t=2.32; 

p=0.02) at one year 

postpartum.  
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Ickovics et 

al., 2016 164 

Cluster 

RCT 

 

2008-

2012 

Young women (21-

14) 

 

Medically low risk  

 

n=1148 

 

14 health centers in 

New York City 

CenteringPregn

ancy Plus (CP+) 

 

Traditional 

individual 

prenatal care 

Preterm birth, 

low birth weight, 

small for 

gestational age, 

Admission to 

NICU, Days in 

NICU, 

breastfeeding 

initiation, STI 

postpartum, 

rapid repeat 

pregnancy, 

unprotected 

sexual 

intercourse 

postpartum 

In intention-to-treat 

analysis, GPNC patients 

were less likely to 

deliver a small for 

gestational age infant 

(11.0% vs. 15.8%; 

OR=0.66; 95% CI 0.44 

to 0.99). In as-treated 

analysis, the greater the 

number of GPNC 

sessions patients 

attended, controlling for 

the number of IPNC 

visits attended, the lower 

patients odds of 

delivering a small for 

gestational age (OR 

0.91; 95% CI 0.85 to 

0.99), preterm (OR 0.76; 

95% CI 0.69-0.84) or 

low birth weight infant 

(OR 0.81; 95% CI 0.73-

0.89).  

Felder et 

al., 2017 165 

Cluster 

RCT 

 

2008-

2012 

Young women (14-

21) 

 

Medically low risk  

 

n=1135 

 

14 health centers in 

New York City 

Group prenatal 

care 

(CenteringPreg

nancy Plus) 

 

Individual 

prenatal care 

Depressive 

symptoms 

GPNC patients 

experienced greater 

reduction in perinatal 

depressive symptoms 

from baseline to 

postpartum (p=.003).  

Kennedy et 

al., 2011 190 

RCT 

 

2005-

2007 

Military 

 

Medically low risk 

 

n=322 

 

Prenatal care 

clinics at a Naval 

Hospital in the 

Pacific Northwest 

and a US Air Force 

Medical Group on 

the Atlantic coast 

Group prenatal 

care 

(CenteringPreg

nancy) 

 

Individual 

prenatal care 

Adequacy of 

prenatal care, 

prenatal health 

behaviors, self-

efficacy in 

childbirth, 

maternal weight 

gain, gestational 

age at birth, use 

of analgesia, 

labor, 

induction/augme

ntation, mode of 

delivery, birth 

weight, Apgar 

score, NICU 

admissions, 

missed 

workdays, social 

support, care 

satisfaction, 

stress, prenatal 

distress, perinatal 

depressive 

GPNC patients were 

more likely to receive 

adequate prenatal care 

(p<.0005) and were 

more likely to be 

satisfied with their care 

(p<.001). 
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symptoms, 

postpartum 

depression) 

Tubay et 

al., 2019 166 

RCT 

 

2012-

2014 

Military  

 

>18yo 

 

Medically low risk 

 

n=129 

 

Medical treatment 

facility in Northern 

California 

Group prenatal 

care 

(CenteringPreg

nancy) 

 

Traditional one-

on-one prenatal 

care 

Infant 

birthweight 

appropriateness 

for gestational 

age, Maternal 

anxiety, 

depression, 

patient 

satisfaction 

GPNC patients were 

more likely to deliver 

infants of appropriate 

birth weight for 

gestational age rather 

than small or large for 

gestational age (OR 

1.12; 95% CI .01. 1.25; 

p=0.04). Overall 

satisfaction with care 

was similar between care 

arms. However, GPNC 

patients were more likely 

to be satisfied with the 

“accessibility and 

convenience” of care 

(p=.048).  

Crocket et 

al., 2022 167 

RCT 

 

2016-

2020 

14-45yo 

 

Medically low risk 

 

n=2350 

 

Hospital affiliated 

prenatal care clinic 

in SC 

Group prenatal 

care 

(CenteringPreg

nancy) 

 

Individual 

prenatal care 

Preterm birth and 

low birth weight  

No significant difference 

in preterm birth or low 

birth weight. No prenatal 

care by race and 

ethnicity interaction was 

observed for preterm 

birth or low birth weight, 

though analysis was 

underpowered for 

comparison due to 

shortened recruitment 

and lower than estimated 

rates of adverse birth 

outcomes among the 

study population.  

Mazzoni 

et al., 2020 
155 

pilot 

RCT 

 

2015-

2017 

type 2 or 

gestational diabetes 

diagnosis  

 

n=84 

 

Two sites: 

Washington 

University Medical 

Center (WUMC) 

and Denver Health 

Medical Center 

(DHMC) 

Diabetes group 

prenatal care 

 

Individual 

prenatal care in 

the diabetes 

clinic 

Diabetes support 

and postpartum 

depression 

symptoms 

GPNC patients reported 

greater composite 

diabetes specific positive 

peer support than those 

assigned to individual 

prenatal care (52.5 vs. 

26.3%; p<.02) but 

showed no difference in 

depressive symptoms. 

Carter et 

al., 2022 154 

pilot 

RCT 

 

2015-

2017 

type 2 or 

gestational diabetes 

diagnosis  

 

n=84 

 

Two sites: 

Washington 

Diabetes group 

prenatal care 

 

Individual 

prenatal care in 

the diabetes 

clinic 

Completion of 

diabetes self-care 

activities: 

antenatal care 

outcomes, 

maternal 

outcomes, 

neonatal 

GPNC patients were 

more likely to report 

eating the recommended 

servings of 

fruits/vegetables a day 

(p>.01). Antenatal care, 

maternal and neonatal 

outcomes were similar 
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Table 2.7 Characteristics of randomized control trials of group prenatal care outside the US 

Author(s), 

year 

Country Design 

& 

Study 

Years 

Participant 

Characteristic

s, N & setting  

Control & 

Intervention 

Outcomes Findings 

Jafari et al., 

2010 152 

Zanjan, 

Iran 

Cluster 

RCT 

 

2007-

2009 

Medically 

low risk 

 

N=628 

 

14 health 

centers  

Group prenatal 

care 

 

Routine 

individual 

prenatal care 

(traditional 

western 

model)  

Infant birth 

weight, low 

birth weight, 

preterm birth, 

intrauterine 

growth 

restriction,  

perinatal 

death, Apgar 

score, infant 

hospital 

admission, 

multivitamin 

use, iron 

supplement 

use, mode of 

delivery, 

breastfeeding, 

diagnosis of 

urinary tract 

infection, 

diagnosis of 

vaginal 

infection, 

premature 

rupture of 

membranes, 

and pregnancy 

related 

hypertension 

GPNC patients had 

greater birth weight 

(mean difference 

87.7; 95% CI 20.7 to 

154.7, p<.011). 

Likelihood of 

cesarean delivery was 

significantly reduced 

in the GPNC model 

(OR 0.71; 95% CI 

0.55 to 0.89; p=.031). 

GPNC patients were 

more likely to take 

multivitamins (OR 

3.28; 95% CI 2.40 to 

4.49; p=.001) and 

iron supplements 

during pregnancy 

(OR 2.84; 95% CI 

1.98, 4.09; p=.001) 

and to use 

contraception 

postpartum (OR 1.83; 

95% CI 1.12 to 2.89; 

p=.013). GPNC 

patients breastfeed 

(OR 2.73; 95% CI 

1.98 to 4.89; p=.001) 

and breastfeed 

exclusively (OR 

2.61; 95% CI 2.17 to 

3.12; p=.001) at 

higher rates.  

Andersson 

et al., 2013 
150 

Sweden Cluster 

RCT 

 

Speak 

Swedish  

 

N=700 

Group-based 

antenatal care 

(comparable to 

Number of 

visits to 

midwife, 

number of 

Women in both care 

arms reported care as 

deficient in more 

than half the areas 

University Medical 

Center (WUMC) 

and Denver Health 

Medical Center 

(DHMC) 

outcomes, 

diabetes 

management 

outcomes 

between care arms, 

except GPNC patients 

gained less weight per 

week during the study 

period (0.2 vs. 0.5 lbs. 

per week; p=.03). GPNC 

patients diagnosed with 

gestational diabetes were 

more likely to have 

postpartum glucose 

tolerance testing (70 vs. 

21%; p=0.02). 
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2008-

2011 

 

31 midwives 

from 12 

prenatal 

clinics 

CenteringPreg

nancy) 

 

Standard care 

visits to 

physician, 

other antenatal 

activities (ex. 

yoga, aqua 

aerobics etc.), 

satisfaction 

with activities, 

care support 

contact with 

other parents, 

prenatal care 

help initiate 

for 

breastfeeding, 

overall 

satisfaction  

measured. No overall 

difference in care 

satisfaction was 

found. However, 

when items were 

analyzed 

individually, 

variables that differed 

favored group 

prenatal care. GPNC 

patients reported 

higher satisfaction 

with support of 

contact with other 

parents (OR 3.86; 

95% CI 2.30 to 6.46; 

p<.0001) and with 

initiation of 

breastfeeding (OR 

1.75; 95% CI 1.02 to 

2.88; p=.04) 

compared to IPNC 

patients.  

Grenier et 

al., 2019 156 

Nigeria 

and Kenya 

Cluster 

RCT 

 

2016-

2018 

>15yo  

 

Nigeria 

N=1018 

Kenya N=826 

 

20 facilities 

per country 

Group 

antenatal care 

(CenteringPreg

nancy adapted 

to include 5 

monthly 2hr 

sessions) 

 

Individual 

antenatal care 

(Four-visit 

focused 

antenatal 

model) 

Proportion of 

women 

reporting 

facility-based 

delivery, 

completion of 

birth planning 

and 

complication 

readiness 

actions, 

prenatal care 

attendance, 

postnatal care 

attendance and 

timing, quality 

of prenatal 

care 

In Nigeria, GPNC 

patients were more 

likely to have a 

facility-based 

delivery (OR 2.30; 

95% CI 1.51 to 3.49). 

GPNC patients in 

both countries were 

more likely to attend 

4 or more prenatal 

care visits (Nigeria 

OR 13.30; 95% CI 

7.69 to 22.99; 

p<0.001 and Kenya 

OR 7.12; 95% CI 

3.91, 12.97; 

p<0.001), to 

complete all birth 

planning and 

complication 

planning actions 

(Nigeria OR 4.49; 

95% CI 1.52 to 

13.32; p<.001 and 

Kenya OR 2.86; 95% 

CI 1.11 to 7.38; 

p=.030) and to 

receive higher quality 

of care (Nigeria OR 

5.8; 95% CI 1.98 to 

17.21; p<.001; Kenya 

OR 5.08; 95% CI 

2.31 to 11.16; 
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p<.001). In Kenya, 

GPNC patients were 

more likely to 

attended at least one 

postnatal care visit 

(OR 2.84; 95% CI 

1.37 to 5.90; p=.005).  

Mckinnon et 

al., 2020 168 

Kaolack 

district, 

Senegal 

Pilot 

RCT 

 

2017-

2019 

>15yo 

 

N=330 

 

6 health posts 

Group 

antenatal care 

(model 

adapted from 

Grenier et al., 

2019) 

 

Traditional 

antenatal care 

(four visit 

focused 

antenatal care 

model) 

Prenatal care 

visit 

attendance, 

delivering in a 

health facility, 

self-efficacy 

score, 

postnatal 

depression 

score infant, 

postnatal care 

visit 

attendance, 

exclusive 

breastfeeding, 

complete 

vaccination at 

birth, low birth 

weight, 

perinatal death  

GPNC patients were 

more likely to have 

received four or more 

prenatal care visits 

(RR 1.26; 95% CI 

1.08 to 1.45) 

maternal self-efficacy 

(RR 1.07; 95% CI 

1.03 to 1.11) and 

exclusive 

breastfeeding (RR 

1.23; 95% CI 1.08 to 

1.38).  

Patil et al., 

2017 153 

Malawi 

and 

Tanzania 

Pilot 

RCT 

 

2014-

2015 

>15yo 

 

Malawi N=91 

Tanzania 

N=102 

 

Two rural 

clinics in 

central 

Malawi and 

one urban 

clinic in Dar 

es Salaam, 

Tanzania 

Group 

antenatal care 

plus (adapted 

CenteringPreg

nancy Plus) 

 

Standard 

individual 

antenatal care 

(four-visit 

focused 

antenatal 

model, six-

week 

postpartum 

visit) 

Prenatal care 

attendance (at 

least four 

visits), 

attendance at 

6-week 

postnatal visit, 

satisfaction, 

mental 

distress, 

exclusive 

breastfeeding 

postpartum, 

HIV 

knowledge 

(knowledge of 

HIV 

prevention of 

mother-to-

child 

transmission 

(PMTCT) 

GPNC patients were 

more likely to attend 

all four prenatal care 

visits (OR 10.68; 

95% CI 4.34-26.29; 

p<.001) and to attend 

a 6-week postnatal 

visit (OR 2.89; 95% 

CI 1.57-5.29; 

p<.001). GPNC 

patients had 

significantly higher 

satisfaction with care, 

higher pregnancy 

related empowerment 

scores (difference 

8.01; 95% CI 6.00 to 

10.04; p<.001) and 

lower mental distress 

scores (difference 

11.56; 95% CI 9.65 

to 13.47; p<.001). 

GPNC patients had 

significantly greater 

HIV knowledge (OR 

4.59; 95% CI 1.72 to 

12.25; p=.002) and 

knowledge of 

PMTCT (OR 3.52; 
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95% CI 1.29 to 9.64; 

p=.014).  

Patil et al., 

2017 169 

Malawi 

and 

Tanzania 

Pilot 

RCT 

 

2014-

2015 

>15yo  

 

Malawi N=91 

Tanzania 

N=102 

 

Two rural 

clinics in 

central 

Malawi and 

one urban 

clinic in Dar 

es Salaam, 

Tanzania 

Group 

antenatal care 

plus 

(CenteringPreg

nancy Plus) 

 

Standard 

individual 

antenatal care 

(four-visit 

focused 

antenatal 

model, six- 

week 

postpartum 

visit) 

pregnancy-

related 

empowerment  

In Malawi, GPNC 

patients had higher 

pregnancy related 

empowerment scores 

than those in IPNC 

(B 15.29; p<.0001). 

In Tanzania, 

pregnancy related 

empowerment scores 

were equivalent in 

both types of care 

models.  

Liese et al., 

2021 170 

Malawi 

and 

Tanzania 

Pilot 

RCT 

 

2014-

2015 

>15yo  

 

Malawi N=91 

Tanzania 

N=102 

 

Two rural 

clinics in 

central 

Malawi and 

one urban 

clinic in Dar 

es Salaam, 

Tanzania 

Group 

antenatal care 

plus (adapted 

CenteringPreg

nancy Plus) 

 

Standard 

individual 

antenatal care 

(four-visit 

focused 

antenatal 

model, six-

week 

postpartum 

visit) 

Occurrence of 

seven routine 

care practices 

(ex. 

assessment of 

gestational age 

at every visit 

and receiving 

medication for 

malaria), 

receiving 

thirteen key 

health 

promotion 

topics (ex. 

eating health 

and malaria 

prevention) 

GPNC patients were 

more likely to have 

received all seven 

services (OR 6.20; 

95% CI 2.81 to 

13.94; p<.0001) and 

all 13 education 

topics (OR 27.58; CI 

6.87 to 110.73; 

p<.001).  

Jeremiah et 

al., 2021 171 

Malawi 

and 

Tanzania 

Pilot 

RCT 

 

2014-

2015 

>15yo  

 

Malawi N=91 

Tanzania 

N=102 

 

Two rural 

clinics in 

central 

Malawi and 

one urban 

clinic in Dar 

es Salaam, 

Tanzania 

Group 

antenatal care 

plus (adapted 

CenteringPreg

nancy Plus) 

 

Standard 

individual 

antenatal care 

(four-visit 

focused 

antenatal 

model, six-

week 

postpartum 

visit) 

Communicatio

n with partner 

about sexual 

health topics 

(safer sex, HIV 

testing and 

family 

planning), 

reported 

partner HIV 

testing 

GPNC was 

associated with 

increased 

communication with 

partner about sexual 

health topics (OR 

4.17; 95% CI 2.22 to 

7.83; p=0.008). 

Difference in report 

of partner HIV 

testing did not reach 

significance.  

Sayinzoga et 

al., 2021 172 

Rwanda Cluster 

RCT 

 

N=8,845 

 

36 pair-

matched 

group 

antenatal care 

 

Mean 

gestational 

length, 

Adherence to 

Length of gestation 

was equivalent 

between GPNC 

patients and IPNC 
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2017-

2019 

health care 

centers 

Individual 

antenatal care 

(four visit 

focused 

antenatal 

model) 

recommended 

prenatal and 

postpartum 

care visits, 

preterm birth, 

caesarean 

section, 

proportion 

identified as at 

risk during 

prenatal care 

patients. Rate of 

preterm birth and 

cesarean birth were 

also similar between 

study arms. GPNC 

patients were more 

likely to attend at 

least three prenatal 

care visits (80.7% vs. 

71.7%, p=0.003). 

While IPNC patients 

were more likely to 

attend a postnatal 

care visit (40.1% vs. 

29.7%, p=0.003).  

 
Table 2.8 Observational studies examining group prenatal care   

Author(s),

Year 

Design & 

Study 

Years 

Participant 

Characteristics

, N & Setting 

Interventio

n & 

Compariso

n 

Matching 

Technique 

Outcomes Main Findings 

Cunningha

m et al., 

2019 174 

Retrospe

ctive 

cohort 

study 

 

2009-

2016 

No history of 

PTB 

 

GPNC 

N=1,384  

IPNC N=5,055 

 

Vanderbilt 

University 

Medical 

Center a large 

metropolitan 

hospital 

Group 

prenatal 

care 

(Expect 

With Me or 

CenteringP

regnancy) 

 

Individual 

prenatal 

care  

Propensity 

score 

greedy 

matching 

Preterm 

birth and 

low birth 

weight 

GPNC was associated 

with reduced risk of 

preterm birth (RR 0.63; 

95% CI 0.49 to 0.81) 

and low birth weight 

(RR 0.62; 95% CI 0.47 

to 0.81).  Among 

women who attended 

five or more GPNC 

visits, risk of preterm 

birth decreased by 68% 

(RR=0.32; 95% CI 0.22 

to 0.45) and low birth 

weight by 66% 

(RR=0.34; 95% CI 0.23 

to 0.50).  

Crockett et 

al., 2019 175 

Retrospe

ctive 

cohort 

study 

 

2013-

2017 

14-48yo 

 

GPNC 

N=3,456 

IPNC 

N=11,870 

 

13 healthcare 

practices in SC 

Group 

prenatal 

care 

(Centering

Pregnancy)  

 

Individual 

prenatal 

care  

Preferential 

within 

cluster 

matching 

propensity 

score 

method 

Preterm 

birth, low 

birth weight, 

admission to 

NICU 

GPNC was associated 

with significant 

reductions in risk of 

preterm birth (absolute 

risk difference -3.2%; 

95% CI -5.3% to 1.0%; 

p=.004), low birth 

weight (absolute risk 

difference -3.7%; 95% 

CI -5.5 to -1.8; p<.001) 

and NICU admission 

(absolute risk 

difference -4.0%, 95% 

CI -5.6 to-2.3%; 

p<.001). Benefits of 

GPNC were more 

pronounced among the 

as-treated sample. The 
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effect of GPNC was 

similar for black and 

non-black patients 

except in the intention-

to-treat analysis for 

NICU admissions 

where black women 

demonstrated greater 

improvement (Non-

black IPNC 8.9% risk 

vs. GPNC 5.2% risk; 

Black IPNC 8.8% risk 

vs. GPNC 7.8%).  

Dubay et 

al., 2020 178 

Retrospe

ctive 

Cohort 

study 

 

2014-

2016  

Medicaid 

covered 

women  

 

 

GPNC N=362  

IPNC 

N=28,671 

 

11 group 

prenatal care 

sites 

Group 

prenatal 

care 

(usually 

following a 

CenteringP

regnancy 

model) 

 

Medicaid 

covered 

women 

who 

received 

typical care 

Propensity 

score 

reweighted 

matching 

Preterm 

birth, low 

birth weight, 

cesarean 

section, 

vaginal birth 

after 

cesarean 

section 

(VBAC), 

care costs 

GPNC patients were 

found to have similar 

rates of preterm birth, 

low birth weight, 

cesarean section and 

VBAC as the 

comparison group. 

Expenditure for GPNC 

patients in the prenatal 

period were less than 

the average for women 

in the comparison 

group (p<.001).  

Lewis et 

al., 2021 176 

Type 1 

hybrid 

effective

ness-

impleme

ntation 

trial  

 

2014-

2016 

Low medical 

risk 

 

GPNC N=577  

IPNC N=1825 

 

3 clinics in 

Detroit, MI 

and Nashville, 

TN 

Group 

prenatal 

care 

(Expect 

With Me)  

 

Individual 

care 

patients 

Augmented 

inverse 

probability 

weighting 

(AIPW) 

Preterm 

birth, low 

birth weight, 

Small for 

gestational 

age and 

admission to 

NICU 

GPNC patients had 

lower risk of preterm 

birth (6.4% vs. 15.19%; 

RR 0.42; 95% CI 0.29, 

0.54), low birth weight 

(4.3% vs. 11.6%; RR 

0.37; 95% CI 0.24, 

0.49) and admission to 

NICU (9.4% vs. 14.6%; 

RR 0.64; 95% CI 0.49, 

0.78). 

Heberlein 

et al., 2021 
177 

Retrospe

ctive 

cohort 

study 

 

Not 

stated 

Medically high 

risk   

 

 

GPNC 

N=1,084  

IPNC N=4,538 

 

21 obstetric 

practices in SC 

Group 

prenatal 

care 

(Centering

Pregnancy)  

 

Individual 

prenatal 

care  

Propensity 

score 

differential 

within 

matching 

approach to 

match 

women 

within the 

same 

practice 

Preterm 

birth, low 

birth weight 

or NICU 

admission 

  

Receiving GPNC at 

either level of treatment 

exposure was 

associated with reduced 

risk of NICU admission 

(any exposure: 10.2 vs. 

13.8%; OR 0.71; 

p<.0001 and minimum 

threshold: 8.4 vs. 

15.9%; OR 0.48; 

p<.001).  GPNC 

patients attending five 

or more sessions had a 

reduced risk of preterm 

birth (11.4 vs. 18.4%; 

OR 0.57; p<.001).  

Care models were 
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associated with similar 

infant birth weight 

 
Table 2.9 Studies examining characteristics associated with interest or participation in group prenatal care 

Author(s), 

year 

Aim Design & 

Study 

Years 

Participant 

Characteristics

, N & location 

Groups 

Compared  

Characteristic

s  

Findings 

Weber et 

al., 2015 206 

Determine 

if pregnant 

adolescents 

interested 

in GPNC 

have 

different 

characterist

ics. 

Cross 

sectional 

survey 

 

2009-

2013 

<21yo, 

Receiving 

IPNC 

 

N=153 

 

CO, US 

 

 

interested 

vs. not 

interested 

Demographic

s (age, race 

and ethnicity, 

education, 

and BMI), 

Psychological 

(social 

support, 

depression, 

stress, and 

substance 

use), 

reproductive 

variables 

(gravity and 

parity) and 

reasons for 

pregnancy (a 

proxy for 

pregnancy 

intention) 

61.4% of women 

reported being 

interested in GPNC. 

Younger (16 and 

younger) (25.5 vs. 

6.8%, OR 4.7, 95% CI 

1.6 to 14.4) and 

primigravid (81.9 vs. 

59.3%; OR 3.1, 95% CI 

1.5 to 6.5) adolescents 

more likely to be 

interested in GPNC. 

Adolescents who 

smoked (33.9 vs. 

12.8%, OR 0.3, 95% CI 

0.1 to 0.6) and wanted 

the pregnancy were 

more likely not to be 

interested in GPNC 

(47.1 vs. 19.8%, OR 

0.3, 95% CI 0.1 vs. 

0.6).  

McDonald 

et al., 2016 
207 

To 

determine 

the 

likelihood 

of 

participatin

g in GPNC 

and 

associated 

factors. 

Cross 

sectional 

survey 

 

2013 

Medically low 

risk, receiving 

IPNC  

 

N=477 

 

Ontario, 

Canada 

 

 

"Probably

" or 

"definitely

" likely to 

participate 

in GPNC 

vs. 

"unsure" 

"probably 

not" or 

"definitely 

not" likely 

to 

participate  

maternal age, 

household 

income, 

education 

level, 

ethnicity, 

marital status, 

time with 

care provider, 

patient report 

of current 

IPNC 

characteristic

s, satisfaction 

with 

receiving 

helpful 

information 

about 

pregnancy, 

importance of 

women 

centeredness 

in PNC 

49.2% (95% CI 44.6-

53.6%) of participants 

reported they were 

"definitely" or 

"probably" likely to 

participate in GPNC. 

Women with a post-

secondary of higher 

education level (aOR 

1.84 95 CI 1.05 to 

3.24), who had not yet 

discussed labor with 

their care provider 

(aOR 1.67 95% CI 1.12 

to 2.44), and who 

valued women 

centeredness of care as 

"fairly important" (aOR 

2.81, 95% CI 1.77 to 

4.49) or "very 

important" (aOR 4.10, 

95% CI 2.45 to 6.88) 

were more likely to 

report a high likelihood 

of GPNC participation.  
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Cunningha

m et al., 

2017 209 

To identify 

determinan

ts of GPNC 

attendance. 

Secondar

y 

analysis 

of cluster 

RCT 

 

2008-

2012 

14-21yo,  

receiving 

GPNC 

 

N=547  

 

NY,US 

Percent of 

GPNC 

sessions 

attended 

Age, race and 

ethnicity, 

country of 

birth, school 

enrollment, 

employment 

status, 

relationship 

status number 

of children, 

food and 

housing 

insecurity, 

maternal 

comorbidities 

(preexisting 

diabetes, 

gestational 

diabetes and 

pregnancy 

induced 

hypertension) 

Being born outside the 

US was associated with 

higher GPNC 

attendance (B(SE) 

11.46(3.46), p=0.001). 

Francis et 

al., 2019 210 

Explore the 

maternal 

characterist

ics 

associated 

with low 

attendance 

among 

women 

randomly 

assigned to 

IPNC and 

GPNC. 

analysis 

of data 

from 

ongoing 

RCT 

 

2016-

2018 

Medically low 

risk women, 

randomly 

assigned 

GPNCor IPNC 

 

N=992 

 

SC, US 

low 

attendance 

(attending 

less than 

five visits 

in 

assigned 

care) vs. 

normal 

attendance 

Demographic

, psychosocial 

and lifestyle 

characteristic

s (prenatal 

distress, 

prenatal 

anxiety, 

depression 

symptoms, 

pregnancy 

intention, 

smoking 

before and 

during 

pregnancy, 

alcohol, 

education, 

employment, 

income) 

GPNC patients with 

lower perceived family 

support were more 

likely to have low 

attendance in assigned 

care (p=0.01). While 

IPNC patients who 

smoked in early 

pregnancy were less 

likely to have low 

attendance in assigned 

care (p=0.02). The 

primary reasons for low 

attendance in IPNC was 

leaving the practice 

(34.04%), abortion or 

miscarriage (12.77%) 

and moving out of the 

area (11.70%). 

Scheduling challenges 

(23.19%) and 

preference for non-

group setting (16.43%) 

were the primary 

reasons for low 

attendance in GPNC.  

Berman et 

al., 2020 208 

Examine 

characterist

ics and 

perceptions 

of GPNC 

associated 

with 

likelihood 

Cross 

sectional 

survey 

 

Not 

stated 

 

Receiving 

IPNC 

 

N=197 

 

CO, US 

Three 

levels of 

likelihood 

(low, 

moderate 

and high) 

Sociodemogr

aphic (age, 

race, 

education, 

marital status, 

employment 

status, 

insurance 

16.2% of patients 

reported a low 

likelihood, 44.9% a 

moderate likelihood and 

38.9% a high likelihood 

of participating in 

GPNC. Characteristics 

between groups were 
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to 

participate 

in GPNC 

using a 

health 

belief 

model 

framework.  

type, and 

whether 

current 

partner was 

the father of 

the child), 

psychosocial 

(smoking, 

family 

functioning, 

social 

support, sense 

of control 

over life 

events) and 

reproductive 

(gravity, 

parity, age of 

living 

children, 

gestational 

age, whether 

pregnancy 

was 

unplanned) 

similar. For patients 

reporting high 

likelihood, benefits 

reported outweighed 

barriers. For those 

reporting low 

likelihood, barriers 

outweighed benefits 

and for patients 

reporting moderate 

likelihood benefits and 

barriers were balanced.  

Wagijo et 

al., 2021 211 

Explore the 

characterist

ics 

associated 

with GPNC 

uptake and 

attendance. 

Stepped-

wedge 

cluster 

RCT 

 

2013-

2016 

Attending 

midwifery or  

hospital 

practice 

 

N=1647 

 

Leiden, 

Netherlands 

GPNC 

participant 

vs. non-

GPNC 

participant 

Demographic 

(age, 

ethnicity, 

religion, 

marital status, 

education, 

work status of 

participant 

and partner 

and parity) 

health 

behavior 

(healthy 

eating, 

physical 

activity, 

dental care, 

smoking 

status, 

alcohol use 

and drug use) 

psychosocial 

(stress, 

coping, social 

support, 

lifestyle and 

pregnancy 

knowledge), 

health care 

facility 

 Nulliparous women 

(aOR 2.74, 95% CI 

2.08 to 3.60), women 

22–26-year-old (aOR 

1.59, 95% CI 1.10-

2.29), co-habituating 

without being 

married/in a registered 

partnership (aOR 1.40, 

95% CI 1.07 to 1.82) 

and those reporting 

average or high levels 

of stress (Average: aOR 

1.45, 95% CI 1.04 to 

2.02; Above average: 

aOR 1.42, 95% CI 1.08 

to 1.87) were more 

likely to participate in 

GPNC. Women who 

stopped smoking before 

pregnancy intake (aOR 

0.70, 95% CI 0.54 to 

0.91), scored below 

average on lifestyle and 

pregnancy knowledge 

(aOR 0.56, 95% CI 

0.41 to 0.78) were less 

likely to participate in 

GPNC. The primary 

reasons women 

indicated for why they 
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did not want to 

participate in GPNC 

were, they did not want 

to be in a group (21%), 

group consumed too 

much time (12% and 

they had no daycare for 

children (5%). Reasons 

for participation in 

GPNC included to 

receive information 

about pregnancy and 

birth (41%), to share 

their experience with 

others (38%), for fun 

and socializing (26%) 

and to know more 

people (24%). No 

differences were found 

in the characteristics of 

women who had higher 

and lower attendance.  

 
Table 2.10 Studies examining online pregnancy forums through analysis of posts  

Author, 

year 

Aim Population 

of focus 

Sample Analysis 

Methods 

Findings/Themes 

Frederikse

n et al., 

2008 

(253) 

Explore 

perspectives 

on pelvic 

girdle pain 

(PGP) in 

pregnancy.   

Pelvic 

girdle pain 

Barnimagen, 

Norwegian forum 

for PGP 

 

n=1,650 

Thematic 

analysis 
• New bodily 

sensations 

• Fear 

• How much to 

endure 

• Lack of 

acknowledgement  

Evans et 

al., 2012 
255 

Examine the 

perceived 

value and 

types of social 

supports that 

characterize 

the 

discussions of 

women who 

participate in 

postpartum 

depression 

(PPD) online 

discussion 

groups. 

Postpartum 

depression 

Postpartum 

depression online 

support group 

identified through 

Goggle query, 6-

month period 

 

n=512 

Directed 

content 

analysis 

• 41.6% emotional 

support (giving 

hope, sanctuary for 

honesty, affection, 

and empathy) 

• 37.5% 

informational 

support (seeking 

reassurance and 

validation, peer 

experts providing 

information, 

medication 

treatment advice) 

• 20.9% 

instrumental 

support 

Sherman 

& 

Greenfield

, 2013 241 

Examine the 

type and 

nature of posts 

on online teen 

pregnancy and 

Adolescents Four message boards 

for pregnant and 

mothering teens 

identified through 

Google query, 

Mixed 

methods 

content 

analysis  

• 64% community-

oriented posts 

• 38% solicited 

pregnancy or 

motherhood advice 
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motherhood 

message 

boards.  

randomly selected 

threads 

 

N=200 

Response sentiment:  

 

• 36% responses 

explicitly positive 

• 63.4% responses 

neutral  

• 0.6% responses 

explicitly negative  

Konheim-

Kalkstein 

et al., 

2015 234 

Identify the 

specific types 

of information 

and support 

that woman 

considering 

vaginal birth 

after cesarean 

section 

(VBAC) seek 

online 

compared 

with other 

pregnant 

persons.  

VBAC Babycenter, 

discussion board 

“VBAC support” 

and “Pregnancy”, 

first 300 initial posts 

on or after January 1, 

2013  

 

n=600 initial posts 

Content 

analysis  

Greater discussion of: 

• Communicating 

with health care 

providers 

• Sharing of birth 

stories 

• Involvement 

(frequency of 

posts) 

on the VBAC board 

compared to the general 

pregnancy board.  

Alang & 

Fomotar, 

2015 253 

Identity the 

functions and 

perceived 

benefits of the 

group and to 

investigate the 

shared 

experiences of 

lesbian birth 

mothers with 

postpartum 

depression 

(PPD). 

Lesbian 

birth 

mothers 

with PPD 

Same sex families 

forum, PPD 

subforum 

 

n=1,421 

Ethnograph

y and 

content 

analysis 

(directed 

and 

conventiona

l) 

Forum functions:  

• Disclosure and 

companionship 

• Ways of coping 

Experience/concerns: 

• Reluctance to seek 

treatment  

• Public perceptions 

about motherhood 

abilities  

• Stigma and mental 

illness 

• Medications  

• Perseverance  

• Combined 

conditions 

Carlsson 

et al., 

2016 232 

Explore 

experiences 

described by 

posters before 

during and 

after 

termination of 

pregnancy due 

to fetal 

anomaly.  

Termination 

of 

pregnancy 

due to fetal 

anomaly 

2 active Swedish 

virtual communities 

identified through 

google query 

followed by manual 

and keyword 

searches, 6-year 

period  

 

n=1,623 

Inductive 

manifest 

Content 

analysis  

Before termination: 

• Emotional shock 

• Difficult decision 

During termination: 

• Compassionate 

care from present 

caregivers 

• Emotional and 

physical pain 

• Lack of 

understanding 

about termination 

of pregnancy 

• Viewing the fetus 

After termination: 
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• Coming to terms 

with decision 

• Perinatal loss 

• Fears of recurrence 

• Longing for a child 

Moore et 

al., 2016 
233 

Examine 

stigma and 

disclosure in 

forums and 

describe any 

potential 

disadvantage 

of forum use. 

Antenatal 

and 

postnatal 

depression 

Mumsnet, threads 

from the antenatal 

and postnatal 

depression sections, 

6-month period  

 

n=1,546 

Deductive 

thematic 

analysis 

• Internal stigma 

• External stigma 

• Treatment stigma 

• Negative 

experiences of 

disclosure with 

health care 

providers 

Yamada et 

al., 2016 
245 

Characterize 

the 

information 

women sought 

over time 

about 

pumping on 

an online 

parenting 

discussion 

forum 

Pumping 

/Breastmilk 

Babycenter, April 

2014 “birth club”, 

key word search of 

posts that included 

questions about 

pumping 

 

n=543 

Thematic 

analysis 
• Changing and 

purchasing pumps 

• Storing and 

preparing pumped 

breastmilk 

• Strategies for and 

difficulties with 

pumping and 

integrating 

pumping into 

work  

• Stopping pumping 

Petrovska 

et al., 

2017 235 

Examine how 

women use 

internet 

discussion 

forums to find 

out 

information 

about vaginal 

breech birth 

and increase 

understanding 

of how 

vaginal breech 

birth is 

perceived 

among 

women. 

Vaginal 

breech birth 

50 threads in 2013 

identified through 

google alert for 

search terms 

 

n=382 initial posts 

Thematic 

analysis 
• Testing the waters- 

which way should 

I go? 

• Losing hope for 

the chance of a 

normal birth  

• Seeking support 

for options- who 

will listen to me 

• Considering 

vaginal breech 

birth- a risk 

choice? 

• Staying on the 

“safe” side – 

caesarean section 

as a guarantee 

• Exploring the 

positive potential 

for vaginal breech 

birth  

Ruthven 

et al., 

2018 248 

Explore the 

information 

needs of 

young first-

time mothers 

and the way 

young first-

time mothers 

Young first-

time moms 

Netmums, “Young 

parents support” 

forum, 1-year period  

 

n=266  

Content 

Analysis  
• Child-development 

and health  

• Providing a good 

environment 

(Education, 

finance, housing, 

legal, professional 

support, working 
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ask for 

information 

online.  

and maternity 

leave) 

• Relationships 

(managing existing 

relationships, 

making new 

relationships) 

Gui et al., 

2017 238 

Understand 

why pregnant 

patients seek 

peer support 

online, how 

they seek peer 

support and 

how peers 

respond to 

them over the 

course of 

pregnancy 

General  Babycenter, 

3 “mommy mentors” 

forums based on 

pregnancy trimesters 

 

n=600 

Grounded 

theory 

Motivations: 

• Limited access to 

healthcare 

professionals 

• Frustration with 

their own 

healthcare 

providers 

• Limited access to 

offline support 

• Mismatch between 

information 

obtained online or 

from books and 

their own 

experience  

Types of support sought: 

• Advice 

• Formal pregnancy-

related knowledge 

• Informal 

pregnancy-related 

knowledge  

• Reassurance 

• emotional support 

Replied received: 

• sharing 

experiential 

knowledge 

• passing on other 

healthcare 

providers’ 

opinions 

• action based on 

peer’s responses  

Yamada et 

al., 2019 
246 

Characterize 

the questions 

mothers ask 

each other 

online related 

to the 

adequacy of 

milk they 

pumped and 

provide to 

their infants.  

Pumping 

/Breastmilk 

Babycenter, April 

2014 “birth club”, 

key word search of 

posts that included 

questions about 

pumping 

 

n=543 

Thematic 

analysis 
• Pumping an 

adequate amount 

of milk 

• Providing an 

adequate among of 

pumped milk 

• Perception of 

insufficient 

pumping and the 

cessation of 

exclusive human 

milk feeding  
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Ghouri et 

al., 2019 
249 

Explore 

women’s 

perceptions of 

urinary tract 

infections 

(UTIs) and 

antibiotic use 

during 

pregnancy. 

UTIs and 

antibiotic 

use  

Mumsnet, identified 

by key word 

searches, 5-year 

period 

 

N=202 threads  

Thematic 

analysis 

Primary theme: 

• Pre-natal 

attachment/bond 

during pregnancy 

Subthemes  

• Illness perceptions  

• Safety of 

antibiotics 

• Coping 

mechanisms  

Rezaallah 

et al., 

2019 237 

Examine the 

content of 

posts 

concerning 

pregnancy and 

use of 

muscular 

sclerosis (MS) 

medicine.  

MS and 

medication 

21 forums identified 

through a digital 

monitoring platform 

of medical product 

mentions, 3-year 

period 

 

n=71   

Content 

analysis 
• Expressing 

personal 

experiences with 

MS and 

medication use 

during the 

reproductive 

period 

• Seeking and 

sharing advice 

about the use of 

medicines 

• Progression of MS 

during and after 

pregnancy  

• Discussing 

concerns about MS 

medications during 

the reproductive 

period 

• Querying the 

possibility of 

breastfeeding 

while taking MS 

medications  

• Commenting 

communications 

with physicians  

Lebron et 

al., 2019 
247 

Examine an 

online 

breastfeeding 

support forum 

to understand 

the 

information 

seeking and 

sharing 

practices of 

users. 

Breastfeedin

g 

Babycenter, 

“Breastfeeding 

Support and Help” 

community forum, 

10-day period 

 

n=1,703 

Content 

analysis  

Information seeking: 

• Nursing (feeding 

challenges, supply 

issues, feeding 

schedule and 

duration, excretion 

issues, general) 

• Expressed milk 

*pumping, storing 

milk) 

• Nursing effects on 

mother (physical 

health, nipple) 

Information sharing:  

• Content 

(knowledge, 
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experiences, 

encouragement) 

• Process (using 

interviewing 

questions and 

agreeing with 

previous posts) 

Denton et 

al., 2020 
250 

Examine the 

type of 

feedback 

women 

receive on an 

internet 

message 

board about 

psychotropic 

medication 

use during 

pregnancy  

Psychotropi

c 

medication 

use 

Babycenter, posts 

identified by 

keyword search of 

psychotropic 

medications, 3-

month period 

 

n=1728 

Consensual 

Qualitative 

Research 

approach  

• Personal anecdotes 

• Suggesting 

alternative 

solutions 

• Directives 

• Judgement 

• Social support 

• Skepticism & 

mistrust 

• Risk vs. benefits 

Ellis & 

Roberts, 

2020 239 

Explore 

online 

pregnancy 

forum health-

related use 

and evaluate 

quality of 

information 

shared. 

General  Mumsnet and 

Netmums, first 20 

threads from each 

month, 1-year period  

 

n=480 

Thematic 

analysis and 

quality 

assessment 

Motivations for 

engagement: 

• Desire for lived 

experience 

• Unlimited access 

• Opportunity to 

express emotions 

Accuracy: 

• 54.7% accurate 

• 20.9% erroneous, 

incomplete or 

misleading 

• 24.3% lacking 

credible evidence 

• 5.5% potentially 

harmful  

Chivers et 

al., 2020 
240 

Examine the 

public 

discourse of a 

perinatal 

cohort to 

understand 

unmet health 

information 

and support 

needs and the 

impacts on 

mothering 

identity and 

social 

dynamics in 

context of 

COVID-19. 

COVID-19 Australian new mom 

forum identified 

through google 

query, posts related 

to COVID-19, 5-

month period 

 

n=831 

Thematic 

analysis, 

sentiment 

analysis and 

word 

frequency 

count 

• Heightened 

distress related to a 

high-risk external 

environment 

• Despair and 

anticipatory grief 

due to deprivation 

of social and 

family support and 

bonding rituals  

• Altered family and 

support 

relationships 

• Guilt-tampered 

happiness 

• Family future 

postponed  

Wexler et 

al., 2020 
236 

Apply 

machine 

learning 

General WhattoExpect, seven 

“birth club” forums, 

Automatic 

natural 

language 

Largest topic categories: 

• Maternal health 

45% 
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methods to 

analyze online 

pregnancy 

forums to 

better 

understand 

how women 

seek 

information 

from a 

community of 

online peers 

during 

pregnancy. 

6-month period, 

initial posts only  

 

n=262,238  

processing, 

Latent 

Dirichlet 

Allocation 

(LDA) 

• Baby-related topics 

29% 

• People/relationship

s 10% 

Throughout pregnancy: 

• Pain 

First trimester:  

• Miscarriage  

Third trimester: 

• Labor 

 

Du et al., 

2021 251 

Analyze the 

biopsychosoci

al experiences 

of postpartum 

women 

regarding 

pelvic organ 

prolapse 

(POP). 

Pelvic organ 

prolapse  

Reddit, 

“BeyondtheBump” 

subreddit, queried 

threads related to 

POP, 5-year period 

 

n=418  

Grounded 

theory 
• Lack of general 

knowledge of 

prolapse 

• Needing support 

and care 

• Symptoms and the 

difficulties of life 

with pelvic 

prolapse 

• POP is disruptive 

debilitating 

condition  

• Women are self-

driven in 

addressing pelvic 

prolapse for 

themselves  

• Motivated to 

increase awareness 

of prolapse as a 

condition 

Liang et 

al., 2021 
252 

Identity the 

characteristics 

of women in 

an online 

health 

community 

with opioid 

use or misuse 

during 

pregnancy and 

the self-

management 

support needs 

of these 

mothers. 

Opioid 

use/misuse  

Online health 

community, queried 

for mentions of 

pregnancy and 

opioid related drug 

names, randomly 

sampled posts 9-year 

period 

 

n=200  

Thematic 

analysis  

Self-management support 

needs  

• Protocols for self-

managed 

withdrawal 

• Pain management 

safety during 

pregnancy 

• Hospital policies 

and legal 

procedures related 

to child protection  

• Strategies for 

navigating offline 

support systems 

Rouhi et 

al., 2021 
257 

Explore what 

support is 

given to 

mothers who 

have posted 

Post-

childbirth 

maternal 

morbidities 

Post-childbirth 

online forum, 2-year 

period 

 

n=332 

Directed 

content 

analysis and 

thematic 

analysis 

Overarching themes: 

• Postpartum 

adjustment 

• The fallacy of 

normalcy 
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questions 

about post-

childbirth 

morbidities. 

Motivation: 

• Problem disclosure 

• Anyone in the 

same boat 

• Request for advice  

Support 

• 56.9% emotional 

support  

• 22.7% practical 

support 

• 20.4% 

informational 

support  

Chivers et 

al., 2021 

(241) 

Explore the 

conversations 

of new 

mothers on 

web-based 

parenting 

forum to 

investigate 

what topics 

and concerns 

are being 

discussed.  

Postpartum Australian Pre and 

post birth forums, 

first 20 posts from 

each of the 13 “Birth 

clubs”, 1-week 

period 

 

n=260 

Thematic 

analysis, 

word 

frequencies 

and 

sentiment 

analysis  

Most common topic: 

• Infant care 

(feeding and sleep) 

• Maternal care 

(birth recovery, 

breastfeeding 

concerns, and 

interconception) 

Cycle of learning five 

phases: 

• Help seeking 

• Solution ideation 

• Testing and skill 

development 

• Consolidation and 

empowerment 

• Improved mental 

well-being 

Aston et 

al., 2021 
231 

Explore how 

first-time 

mothers 

choose to 

access or not 

access 

different 

postpartum 

supports. 

First-time 

mothers  

Babycenter, first 

time mothers in 

Nova Scotia, 6-

month period  

 

n=724 

Discourse 

analysis 
• Personal 

narratives: 

empathy, 

encouragement, 

and information 

• Socialization 

• Blurring the 

boundaries of 

online and off-line 

networks 

• Developing 

community 

Dalton & 

Gruber, 

2022 254 

Examine 

types of 

uncertainty 

that emerge in 

pregnancy 

after loss 

(PAL) and 

how women 

manage 

uncertainty  

Pregnancy 

after loss 

Reddit, subreddit 

“PregnancyAfterLos

s”, posts containing 

mentions of 

uncertainty, 4-month 

period  

 

n=636 

Thematic 

analysis  
• Physiological/medi

cal uncertainty 

(ambiguous test 

results, bleeding, 

inconsistent 

symptoms and 

fetal movement) 

• Emotional 

uncertainty (denial 

and detachment, 

experiencing 
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dialectical cycles 

of emotion, 

comparison to non-

loss “normals” and 

waiting in limbo) 

• Social uncertainty 

(encounter 

distressing 

interactions, 

manage emotional 

incongruity and 

announce 

pregnancy) 

• Uncertainty 

management and 

coping strategies 

(direct information 

seeking, bracing, 

mantras and 

accepting 

uncertainty) 

Kim et al., 

2022 256 

Explore the 

predominate 

types of social 

support shared 

in an online 

social support 

community 

for Korean 

mothers.  

PPD MomsholicaBaby, 

PPD related message 

board for Korean 

mothers, 3-month 

period  

 

n=3,073 

Content 

analysis 
• Tend to provide 

social support 

(65.5%) rather 

than seek support 

(9.2%) 

• Emotion focused 

coping strategies 

(71.6%) more 

prevalent than 

problem-focused 

coping strategies 

(6.3%) or both 

(18%) 

Beyers-

Carlson et 

al., 2022 
230 

Explore the 

online world 

of second time 

mothers using 

online 

pregnancy 

forum.  

Second time 

mothers 

Babycenter, two 

“birth clubs” specific 

to second-time 

parenting 

 

n=16,000 

Latent 

Dirichlet 

Allocation 

analysis  

• Expressed same 

concerns as first-

time mothers 

(pregnancy, 

prenatal testing, 

choosing a baby 

name, the gender 

reveal and overall 

health of the baby) 

• Also expressed 

unique concerns 

(new role as the 

mother of two 

young children, 

ability to care for 

both children and 

whether they could 

love another child 

as much as they 

loved the first) 
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Figure 2.1 Intersectionality perspective of discrimination framework  

 
 

Figure 2.2 CenteringPregnancy essential elements and content  

Essential elements: 146  

1. Health assessment occurs within the group space. 

2. Women are involved in self-care activities. 

3. A facilitative leadership style is used. 

4. Each session has an overall plan.  

5. Attention is given to the core content; emphasis may vary. 

6. There is stability of group leadership. 

7. Group conduct honors the contribution of each member. 

8. The group is conducted in a circle. 

9. Group composition is stable, but not rigid. 

10. Group size is optimal to promote the process. 

11. Involvement of family support people is optional. 

12. Opportunity for socialization within the group is provided. 

13. There is ongoing evaluation of outcomes. 

Discussion topics: 147 

• Body changes during pregnancy 

• Food and other things to avoid while pregnant (e.g. smoking, alcohol and drug use) 

• Nutrition, exercise, and oral health 

• Fetal development 

• Stress management and relaxation 

• Intimate partner violence and abuse  

• Family adjustment and preparing siblings for baby 

• Preterm labor  

• Signs of early labor  

• Labor planning, decisions and coping with labor pain  

• Perinatal mood disorders 

• Breastfeeding  

Race

Gender

Sexual 
orientation

Other Social 
Identities

Age
INTERSECTIONALITIES

Amount of 
discrimination 
exposure

Qualities of 
discrimination 
experiences 

Impact of/ 
Response to 
discrimination
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• Bonding with baby, soothing and providing comfort  

• Family planning and safe sex 

• Parenting 

• Developmental milestones and newborn safety 
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CHAPTER THREE 

METHODOLOGY  

Research Questions  

This dissertation includes three independent studies with the following research questions and 

specific aims: 

Research Question 1. What are the intersectional discrimination experiences of pregnant 

persons? Are pregnant persons experiencing intersectional discrimination at an increased risk for 

adverse perinatal health outcomes?  

Specific Aim 1a. Utilizing an intersectional approach, examine whether pregnant patients 

can be classified based on multifaceted discrimination experiences through latent class 

analysis. 

Specific Aim 1b. Explore the association of latent discrimination classifications with risk 

of adverse maternal and neonatal birth outcomes through multivariate logistic regression. 

Research Question 2. For what patients is the alternative prenatal model group prenatal care a 

good fit? 

Specific Aim 2a. Investigate whether GPNC attendance differs by patient 

sociodemographic, psychosocial and health characteristics through quantitative analysis 

of patient surveys and EMR data. 

Specific Aim 2b. Compare patient perceptions of care and the match between prenatal 

care services received and patient needs among patients receiving IPNC and GPNC 

though qualitative analysis of patient interviews. 

Research Question 3. To what degree are pregnant persons discussing health in online peer 

communities?  
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Specific Aim 3a. Explore prevalent topics of discussion in three popular online 

pregnancy forums through topic modeling. 

A summary of study methodology for each of the three studies is provided in Table 1.  

Centering and Racial Disparities Trial   

Manuscript one and two are secondary analyses of data collected in the Centering and 

Racial Disparities (CRADLE) randomized controlled trial.12 The primary objective of the 

CRADLE study was to assess whether participation in GPNC reduced rates of preterm birth and 

low birthweight, as well as black-white disparities in these rates relative to IPNC. CRADLE 

study participants were recruited from a single hospital affiliated obstetrics and gynecology 

practice located in Greenville, South Carolina serving a large medically underserved population. 

Study recruitment took place between February 2016 and March 2020. Patients were eligible for 

inclusion if they were between the ages of 14 and 45, entered care prior to 21 weeks gestational 

age and were able to be enrolled by 24 weeks gestational age. Patients were excluded from 

participation if they had medical or pregnancy complication that would preclude prenatal care 

and delivery by a nurse practitioner or nurse midwife (e.g. pregestational diabetes mellitus, 

chronic hypertension requiring medication, any disease requiring immunosuppression, a body 

mass index of >50kg/m2, multiple gestation, anticipated a planned preterm delivery or planned 

cerclage or lethal fetal anomalies) or medical, social or behavioral conditions that would 

preclude participation in group care (e.g. active pulmonary tuberculosis, current incarceration, or 

severe uncontrolled psychiatric illness). Once enrolled, participants were randomly assigned to 

attend either standard individual prenatal care (IPNC) or group prenatal care (GPNC), stratified 

by self-reported maternal race and ethnicity. Participants were recruited upon entry to prenatal 

care and were followed through 12-weeks postpartum. Data was collected at three time points: 1) 



 122 

an initial survey at the time of enrollment, 2) a second survey between 30 and 40 weeks 

gestation, and 3) medical chart abstraction 12-weeks postpartum. Survey instruments included 

baseline demographic questions and validated psychosocial and behavioral measures. Medical 

and delivery information were collected through both manual chart abstraction and automated 

query of the electronic medical record (EPIC Systems INC, Verona WI). Participants were 

compensated $25 for their participation at the time of survey 1 and survey 2 if they completed at 

least five visits in their assigned model of prenatal care. 

CRADLE Study Process Evaluation  

Manuscript two also included analysis of data collected in the CRADLE Study Process 

Evaluation (CSPE). Coordinated process evaluation efforts were conducted in conjunction with 

the CRADLE study, with the aim of assessing fidelity to the CenteringPregnancy model. These 

efforts included semi-structured individual interviews with a purposeful subsample of patients 

attending GPNC and IPNC. Eligibility was determined by attendance in assigned care with 

CRADLE study patients prioritized. GPNC patients were eligible for participation if they had 

attended 2 or more GPNC sessions and IPNC patients if they attended at least one IPNC visit 

prior to 16 weeks gestational age. Additional inclusion criteria included access to a cellphone 

and no intention to move prior to delivery. Interview guide questions focused on the patients 

experience in prenatal care and were arranged to follow the visit/session process differing by 

care model. Participants were asked to describe their most recent appointment including what 

they found most meaningful and their relationship with their provider and in the case of patients 

attending GPNC group members. Interviews were audio recorded and took place in person and 

in rare cases via telephone. Participants received a $5 compensation for each interview.  
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Manuscript One  

Study one was a secondary analysis of data collected in the CRADLE study. Among this 

relatively large sample of pregnant patients with psychosocial and pregnancy outcome 

information, we aimed to examine whether mutually exclusive subgroups of pregnant patients 

could be formed based on discrimination experience and to determine whether these subgroups 

differed in risk of adverse pregnancy outcomes such as preterm birth and preeclampsia. We 

investigated these aims using the innovative statistical approach of Latent Class Analysis (LCA). 

LCA is a data and theory driven approach that probabilistically assigns individuals to subgroups 

based on responses to as set of observed categorical variables (indicator variables).3 Cradle study 

participants were excluded from the current analysis if they experienced spontaneous abortion or 

if they were missing data on all indicator variables.  

Measures  

Indicator Variables. Indicator variables used to define unobserved latent class 

membership were comprised of patient response to the adapted 11-item Everyday Discrimination 

Scale (EDS).4 The EDS was administered as a component of the baseline survey. Respondents 

are asked the frequency with which they experience 10 forms of day-to-day mistreatment (never, 

rarely, sometimes and often). If respondents indicate any discrimination, they are asked to 

indicate an attribution for their mistreatment and can select one or more of the following social 

identities: gender, race and ethnicity, insurance and Medicaid status, ancestry and national origin, 

age, religion, weight, some other aspect of physical appearance, sexual orientation, education, 

and income. A binary variable of discrimination frequency was formed representing indication of 

never vs. rarely, sometimes, or often experiencing discrimination. Each attribution for 
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discrimination was coded as a binary variable with possible responses of either yes or no. 

Attributions with low prevalence were combined to form an other discrimination variable.  

Outcome Variables. The primary outcome was a composite measure of adverse perinatal 

health outcomes (APHOs). A binary variable was created representing indication of none vs. one 

or more of the following seven outcomes: preterm birth (PTB; delivery at <37 weeks of 

gestation), low birthweight (LBW; infant birthweight of <2500 g) small for gestational age 

(SGA; birthweight below the 10th percentile for gestational age), infant admission to the 

neonatal intensive care unit (NICU), 5-minute Apgar score <7, pre-eclampsia and patient 

admission to the intensive care unit (ICU). Individual components of the APHOs composite and 

postpartum depression symptoms (PPDS) were considered as secondary outcomes. PPDS were 

measured via the Edinburgh Postnatal Depression Scale (EPDS)5 with a score of 13 or greater 

considered to represent clinically concerning depressive symptom. Outcome variables were 

abstracted via electronic medical record review. The EPDS was administered at the postpartum 

visit and scores manually abstracted from visit notes.  

Sociodemographic Variables. Sociodemographic variables included race and ethnicity; 

age; Medicaid eligible; educational attainment; current relationship with baby’s father, nativity, 

parity; and body mass index (BMI) at initial prenatal care visit. Participant race and ethnicity was 

self-identified on multiple questions used by the US Census Bureau, which allowed participants 

to select multiple categories, as well as to provide a written response.6 Race and ethnicity was 

categorized as Black, Hispanic, White and “Other” race and ethnicity.  

Statistical Analysis  

Statistical analysis was performed in SAS (Version 9.4; SAS Institute, Inc, Cary, NC). 

Descriptive statistics were performed, and differences by race and ethnicity examined using X2 
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tests. LCA Models were then estimated using SAS PROC LCA and the LCABootstrap Macro.78 

Models with 1 to 6 latent classes were tested and the best fitting model selected based upon 

interpretability and model fit statistics. Measurement invariance by race and ethnicity was 

assessed following a three-step approach, wherein a significant difference in likelihood ratios 

between constrained and unconstrained models indicates measurement invariance should be 

rejected and latent class modeling conducted separately.  Class membership and item response 

probabilities were produced, and item response probabilities used to label classes. The Block, 

Croon and Hagenarrs (BCH) three-step approach was used to assess whether latent classes were 

associated with APHOs, applied separately for each outcome.9 

Manuscript Two 

Study two was a secondary analysis of data collected in the CRADLE study and 

coordinated CSPE participant interviews. Study two addressed the research question for what 

patients is group prenatal care a good fit? We addressed this question through a concurrent 

mixed methods study design. We aimed to investigate whether certain patient characteristics 

were associated with patterns of GPNC session attendance through quantitative analysis. Further, 

we sought to examine patient perceptions of model of care received through qualitative analysis 

of participant interviews. Following separate data collection and analysis, quantitative and 

qualitative findings were integrated. Participants assigned to IPNC were excluded from our 

quantitative analysis. No additional exclusion and inclusion criteria were applied to participant 

interviews.   

Measures  

Primary Predictors. In the CRADLE study, a variety of patient characteristics were 

collected. Selection of patient characteristics included in analysis was informed by previous 
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studies of GPNC attendance.101112131415 Sociodemographic, psychosocial, and behavioral 

characteristics were self-reported on survey measures. Sociodemographic characteristics 

included maternal age, race and ethnicity, nativity, language, relationship status, educational 

attainment, school enrollment, employment status and health insurance status in the previous 

year. Psychosocial and behavioral characteristics included pregnancy intention, feelings about 

pregnancy, depressive symptomology,16 pregnancy specific anxiety,17 prenatal distress,18 

neighborhood safety,19 housing instability,20 housing issues,21 life stressors,22 everyday 

discrimination,4 support from the baby’s father and support from family during pregnancy, 

substance use during pregnancy (cigarette smoking, alcohol use and marijuana use). Health 

characteristics were determined via electronic medical chart review and included parity, body 

mass index (BMI) at initial appointment, gestational diabetes (GDM), chronic hypertension 

(CHTN) and gestational hypertension (GHTN).  

Primary Outcome. The primary outcome was GPNC session attendance. Participant 

prenatal care attendance was abstracted from the electronic medical record and a count variable 

of session attendance calculated.  

Covariates. A measure of participant eligibility to attend GPNC sessions was calculated 

based on month of study enrollment and date of delivery. This calculation was informed by the 

Kotelchuck adequacy of prenatal care index,23 but differed in that participants were eligible to 

attend a maximum of 10 GPNC sessions in accordance with the GPNC care model.  

Statistical Analysis   

Quantitative data analysis was conducted using SAS 9.4 (SAS Institute INC, Cary NC). 

Descriptive statistics including mean for continuous variables and frequency with percentages 

for categorical variables. The association between patient characteristics and session attendance 
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was assessed using Zero-inflated Poisson (ZIP) regression. The ZIP model assumes that excess 

zeros occur due to a separate process than count values and should therefore be modeled 

independently. The ZIP model therefore consists of two parts a Poisson count model and a logit 

model that predicts the log odds of excess zeros. An adjusted ZIP model was conducted 

controlling for the number of sessions participants were eligible to attend.  

Qualitative Analysis  

Transcripts were managed and analyzed using NVivo March 2020 release (QSR 

International Pty Ltd). Audio recording of participant interviews were transcribed verbatim and 

Spanish language interviews were translated to English. A reflexive thematic analysis of 

interviews was conducted following Braun and Clarke’s six phase process.24 One researcher read 

the transcripts in their entirety, becoming familiar with the data and making note of initial coding 

ideas. Two researchers then each independently coded a subset of interviews from patients in 

both care models, from researcher impressions a preliminary codebook was developed. The same 

one researcher then utilized the codebook to code the entire dataset, codes were organized, and 

initial themes generated. Preliminary themes were reviewed, and themes refined. Memos 

documenting decision rational were kept throughout the study creating an audit trial which was 

reviewed by the second researcher.   

Manuscript Three  

While study one and two analyzed data collected in a randomized controlled trial, the 

third dissertation study concentrated on a different dataset, user generated content from online 

forums. We aimed to explore themes discussed by peers in online pregnancy communities, with 

a particular emphasis on the topics relating to health using the text mining approach of Latent 

Dirichlet Allocation (LDA) topic modeling. LDA is a statistical method for analyzing the words 



 128 

of texts to discover themes.25 Data was extracted from three active online pregnancy forums 

(Babycenter.com, Whattoexpect.com and Thebump.com) over a year long period (January 2021-

Decemeber 2021). The forums selected were identified through Google search results and a 

comparison of popularity in the US using a web analytic tool. Data was scrapped through the 

Sprinklr Inc. social media listening platform and a dataset formed that included title, message, 

date and time posted.  

Statistical analysis  

LDA is guided by two assumptions: 1) each document is a mixture of topics, and 2) each 

topic is a mixture of words. Documents in this case the text threads are modeled as a “bag of 

words” without consideration of word order. Processing and data analysis was conducted in R 

version 4.2.3.  Analysis took place over five stages following Silge and Robinson five stage 

process for topic modeling in R: 1) gather data, 2) process data, 3) generate Document Term 

Matrix, 4) select topic number, and 5) implement and interpretate the LDA model.26 Following 

the extraction of data from online forums, text processing was performed using the “tm” package 

in R.  Documents were cleaned (converted to lowercase and punctuation, numbers and stop 

words removed), tokenized and duplicate threads removed. The collection of documents was 

stored as a Document Term Matrix, from which topic modeling was performed using the 

“topicmodels” package in R. To identify the best fitting number of topics, 8 models with 10 to 80 

topics were estimated and interpretability compared. The model with distinct enough word 

clusters to assign labels but that did not produce overly similar topics was selected. Once a 

model was selected, the 15 words with the highest word-topic probability and the 15 threads with 

the highest document-topic probability were extracted for manual inspection. Two researchers 

independently inspected word clusters and representative threads assigning each topic a label and 
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indicated whether the topic pertained to health. Topic labels and health designations were then 

reviewed, and consensus reached on topic labels.  
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Tables and Figures 

 
Table 3.1. Summary of Methodology  

Study One: Discrimination 

and adverse perinatal health 

outcomes: A latent class 

analysis 

Study Design: Quantitative analysis, secondary data analysis  

Data Source: Centering and Racial Disparities (CRADLE) Study  

Primary Aims:  

1a) Use Latent Class analysis to examine patients’ intersecting experiences of 

perceived discrimination, identifying heterogenous subgroups among a sample of 

low-income pregnant women.  

1b) Investigate whether latent class profiles are differentially associated with risk 

of adverse perinatal health outcomes. 

Inclusion Criteria: CRADLE study participants  

Exclusion Criteria: spontaneous abortion or missing data on all indicator variables  

Indicator Variables: Everyday Discrimination Scale items  

Primary Predictors: Latent Class designation  

Primary Outcomes: Composite measures of adverse perinatal health outcomes, 

individual composite components and postpartum depression symptoms  

Statistical Analysis: Latent Class Analysis (LCA) and Block, Croon and 

Hagenarrs (BCH) three-step approach 

Study Two: For which 

patients is group prenatal 

care a good fit? A mixed 

methods study of group 

prenatal care attendance 

Study Design: Mixed methods analysis, secondary data analysis 

Data Source: Centering and Racial Disparities (CRADLE) Study and CRADLE 

Study Process Evaluation (CSPE) 

Primary Aims:  

2a) Determine whether rate of GPNC attendance differ by patient 

sociodemographic, psychosocial and health characteristics through quantitative 

analysis. 

2b) Examine patient response to prenatal care received in IPNC or GPNC 

reflecting upon the fit of prenatal care with patient needs through qualitative 

analysis of participant interviews. 

Inclusion Criteria Quant: Cradle Study participants allocated to GPNC  

Inclusion Criteria Qual: CSPE individual interviews of patients attending IPNC 

and GPNC  

Primary Predictors: Patient sociodemographic, psychosocial and health 

characteristics  

Primary Outcomes: GPNC session attendance  

Statistical Analysis: Zero-inflated Poisson (ZIP) regression 

Qualitative Analysis: Thematic Analysis  

Study Three: Investigating 

discussions of health in 

online forums during 

pregnancy through text 

mining  

Study Design: Quantitative analysis (text mining) 

Data Source: User generated content scraped from 3 active online pregnancy 

forums (Babycenter.com, Whattoexpect.com and Thebump.com) 

Primary Aim: 3a) Describe the topics discussed in online communities of pregnant 

peers using text mining methods.  

Unit of Analysis: Thread (initial and response posts) 

Inclusion Criteria: Posted between January 2021 and December 2021 

Exclusion Criteria: Duplicate threads  

Statistical Analysis: Latent Dirichlet Allocation (LDA) 
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CHAPTER FOUR 

MANUSCRIPT ONE 

Title: Discrimination and Adverse Perinatal Health Outcomes: A Latent Class Analysis 

Abstract  

Introduction: An intersectionality framework recognizes individuals as simultaneously 

inhabiting multiple intersecting social identities embedded within systems of disadvantage and 

privilege. Previous research links perceived discrimination with worsened health outcomes yet is 

limited by a focus on racial discrimination in isolation. We apply an intersectional approach to 

the study of discrimination, examining the association with adverse perinatal health outcomes. 

Methods:   Data is from cohort of 2,286 pregnant persons: Black (n=933), Hispanic (n=471), 

White (n=853) and “Other” (n=29) from the CRADLE trial. Perceived discrimination was 

assessed via the Everyday Discrimination Scale (EDS) and perinatal health outcomes collected 

via electronic medical record review. Latent class analysis was utilized to identify subgroups of 

discrimination based on EDS item response and the rate of adverse perinatal health outcomes 

compared between subgroups using a Block, Croon and Hagenarrs three-step approach.  

Results: Four discrimination subgroups were identified: no discrimination; general 

discrimination; discrimination attributed to one/several social identities; and discrimination 

attributed to most/all social identities. Experiencing general discrimination was associated with 

postpartum depression symptoms when compared to experiencing no discrimination among 

Black (9% vs. 5, p=0.04) and White participants (18% vs. 9%, p=0.01). White participants 

experiencing general discrimination gave birth to low birthweight infants at a higher rate than 

those experiencing no discrimination (6% vs. 11%, p=0.04). No significant subgroup differences 

were observed among Hispanic participants.  
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Conclusion: Perceived discrimination may play an influential role in shaping perinatal health. 

Further research integrating an intersectional lens to the study of discrimination and perinatal 

health outcomes is needed. 

Keywords: intersectionality, discrimination, latent class analysis, health inequities, perinatal 

health, pregnancy  

Summary Box:  

What is known on this topic? 

Discrimination is consistently associated with poor health outcomes and health disparities, 

including for perinatal health. Yet, few studies address intersectional discrimination. 

What is added by this report? 

We evaluate discrimination based on multiple social identities, identifying distinct subgroups of 

discrimination, and assessing differential association with adverse prenatal health outcomes. 

Black and White participants exposed to general discrimination are more likely to experience 

symptoms of postpartum depression and White participants deliver more low birthweight infants 

relative to those who experience no discrimination.  

What are the implications for public health practice?  

Perceived discrimination in pregnancy can be associated with adverse perinatal health outcomes. 

Addressing intersectional discrimination exposure may promote perinatal health. 

Introduction  

Racial and ethnic disparities in perinatal health are present across many countries but are 

particularly stark in the United States (US). Infants of Black pregnant people die at more than 

twice the rate of White, and Black pregnant people themselves are three times more likely to die 

during pregnancy.1,2 Perinatal health disparities are also seen by health insurance status, age, and 
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weight.2,3,4 One explanation for the origin of these disparities is the increased burden of stress 

associated with exposure to persistent discrimination experienced over the life course. A large 

and growing body of research demonstrates the negative impact of perceived discrimination on 

health,5 and suggests discrimination is an important risk factor for adverse perinatal health 

outcomes (APHOs) including preterm birth, low birthweight, small for gestational age and 

hypertensive disorders of pregnancy.6  

 Existing literature assessing the impact of discrimination on health has been limited by a 

focus on discrimination based on a single dimension, most commonly race-based 

discrimination.7 A focus exclusively on racial discrimination may mask important complexities 

in the maternal discrimination experience and potentially underestimates the overall impact of 

discrimination on perinatal health.8 Adopting an intersectionality framework recognizes that 

individuals simultaneously occupy multiple interconnected social identities (e.g., race, ethnicity, 

gender, sexual orientation, socioeconomic status) that confer privilege or disadvantage.9,10 Latent 

Class Analysis (LCA) offers one method to apply an intersectional approach in quantitative 

analysis.11 LCA is a data driven method which probabilistically assigns individuals to latent 

subgroups based on observed categorical indicator variables.12  

In the present study, we aim to first classify mutually exclusive subgroups of pregnant 

people based on patterns of response to Everyday Discrimination Scale (EDS) items through 

LCA and second to examine whether subgroups characterizing different patterns of 

discrimination are differentially associated with APHOs. 

Methods  

Participants, Design and Setting  
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We analyzed data from the Centering and Racial Disparities (CRADLE) study 

(ClinicalTrails.gov identifier: NCT02640638), a randomized controlled trial (RCT) of pregnant 

persons (n=2,348) conducted at a single obstetrics and genecology practice in Greenville, South 

Carolina. The primary objective of the CRADLE study was to compare the rate of preterm birth 

(PTB) and low birthweight (LBW) of patients who participated in group prenatal care (a novel 

model of prenatal care combining clinical assessment, prenatal education, and peer socialization) 

to their counterparts in standard individual prenatal care, as well as racial disparities in these 

outcomes. The CRADLE study was approved by the Prisma Health institutional review board 

(Pro00043994). The full study protocol and primary findings have been published 

previously.13,14 

The study population was medically low risk pregnant persons of diverse race and 

ethnicities. Eligible patients were between 14 and 45 years of age, were less than 24 weeks 

gestational age at enrollment and were proficient in English or Spanish. Exclusion criteria 

included medical or pregnancy complications that would preclude prenatal care and delivery by a 

nurse practitioner or nurse midwife (e.g. pregestational diabetes mellitus, chronic hypertension 

requiring medication, any disease requiring immunosuppression, a body mass index of 

>50kg/m2, multiple gestation, patients anticipating a planned preterm delivery or planned 

cerclage or lethal fetal anomalies) or patients with medical, social or  behavioral conditions that 

would preclude participation in group care (e.g. active pulmonary tuberculosis, current 

incarceration, or severe uncontrolled psychiatric illness).  

Data collection  

Study recruitment took place between February 2016 and March 2020. Participants were 

followed from enrollment, through delivery and 12-weeks postpartum. Data was collected at 



 137 

three time points: 1) the initial survey at the baseline visit at 8-23 weeks gestational age, 2) a 

second survey between 30-40 weeks gestational age, and 3) postpartum medical chart 

abstraction. Surveys included demographic questions and numerous psychosocial and behavioral 

measures. Medical and delivery information were collected through manual chart abstraction as 

well as automated query of the electronic medical record (EPIC Systems INC, Verona WI). 

Measures  

Discrimination indicator variables  

Indicator variables used to define unobserved latent class membership were comprised of patient 

response to the adapted 11-item Everyday Discrimination Scale (EDS) administered at 

baseline.15 The EDS is one of the most commonly used measures of discrimination, and has been 

shown to have high reliability and construct validity.6 The EDS first asks respondents about their 

day-to-day experience of mistreatment. Response values are on a 4-point Likert scale ranging 

from never to often. Respondents who indicate any discrimination are then asked to identify the 

reasons for their mistreatment and are able to select multiple reasons including gender, race and 

ethnicity, insurance and Medicaid status, ancestry and national origin, age, religion, weight, 

some other aspect of physical appearance, sexual orientation, education and income. A binary 

variable of discrimination frequency was formed representing indication of never vs. rarely, 

sometimes, or often experiencing discrimination. Each attribution for discrimination was coded 

as a binary variable with possible responses of either yes or no. Attributions with low prevalence 

were combined to form an “other” discrimination variable.  

Outcome Variables  

The primary outcome was a composite measure of APHOs. A binary variable was created 

representing indication of none vs. one or more of the following seven outcomes: preterm birth 
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(PTB; delivery at <37 weeks of gestation), low birthweight (LBW; infant birthweight of <2500 

g) small for gestational age (SGA; birthweight below the 10th percentile for gestational age), 

infant admission to the neonatal intensive care unit (NICU), 5-minute Apgar score <7, pre-

eclampsia and patient admission to the intensive care unit (ICU). Individual APHOs composite 

components, as well as postpartum depression symptoms (PPDS) were considered as secondary 

outcomes. PPDS was identified based on Edinburgh Postnatal Depression Scale (EPDS) 

response.16 The EPDS is a widely used 10-item screening instrument for depression risk, which 

has shown high sensitivity and specificity in detecting depressive disorders with a cutoff of 13.17 

The EPDS was routinely administered at the postpartum outpatient visit as part of routine clinical 

care and the results abstracted from the medical record. A binary PPDS variable representing 

EPDS scores of  <13 vs. ≥ 13 was formed.  

Sociodemographic Variables  

Self-reported sociodemographic characteristics were collected through the baseline survey and 

included race and ethnicity (categorized as Black, Hispanic, White and “Other” race and 

ethnicity); age (categorized as 14-24, 25-34 and 35-45); Medicaid eligible (dichotomized as yes 

or no); educational attainment (categorized as less than high school, high school, more than high 

school); current relationship with baby’s father (categorized as married, engaged/in committed 

dating relationship or “other” relationship); nativity (dichotomized as born in the US vs. born 

outside the US); parity (dichotomized as nulliparous vs. primiparous/multiparous); and body 

mass index (BMI) at initial prenatal care visit (categorized as underweight (BMI <18.5), healthy 

weight (≥18.5 BMI <25), overweight (≥25 BMI <30) and  obese (BMI ≥30)). Participants 

identified their race and ethnicity through questions used by the US Census Bureau, which 
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allowed participants to select multiple categories, as well as providing a space for open ended 

description of race and ethnicty.18 

Statistical Analysis  

All statistical analysis were performed in SAS (Version 9.4; SAS Institute, Inc, Cary, NC). First, 

sample characteristics were described and differences by race and ethnicity examined using X2 

tests. LCA Models were then estimated using SAS PROC LCA and the LCABootstrap 

Macro.19,20 To identify an optimal LCA model, models with between 1 and 6 latent classes were 

tested. Optimal models were indicated by minimum Akaike Information Criterion (AIC) and 

Bayesian Information Criterion (BIC) values in addition to the Bootstrap Likelihood Ratio Test 

(BLRT) which compares model fit for k classes relative to k+1 classes. Two primary sets of 

parameters are estimated: class membership probabilities (the size of the latent class identified) 

and item response probabilities (the conditional probability of a response given class 

membership). Item response probabilities were used to label latent classes. A likelihood ratio 

difference test was used to test equality across race and ethnicity groups following a three step 

approach, and  race and ethnicity groups modeled separately.12 

The Block, Croon and Hagenarrs (BCH) three-step approach was used to assess whether 

latent classes were associated with APHOs, applied separately for each outcome.21  Parameters 

of the LCA model are first estimated without distal outcomes, posterior probabilities of latent 

class membership are then used to compute a weighting variable and the association between the 

weighted variable and the distal outcome investigated using logistic regression. The 

%LCA_Distal_BCH macro provides an overall test of association between class membership 

and outcomes of interest, as well as pairwise comparisons of the expected values between classes 

using Wald tests.21 A p-value of <0.05 was considered significant. 
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Results  

Descriptive Statistics 

Of the 2,348 CRADLE study participants, 2.6% (n=62) participants were excluded from the 

current project due to missing values on all indicator variables for a final analytic sample of 

2286. Over 40% of the sample identified as Black, 20.6% as Hispanic, 37.3% as White and 1.3% 

as “other” race/ethnicity (Table 1). The majority of participants were between 25-35 years of age 

(76.8%), Medicaid eligible (96.4%), had a high school education (54.7%), were engaged or in a 

committed relationship with the baby’s father (51.1%), had previously given birth (55.5%), were 

born in the US (84.3%) and were in overweight or obese BMI category (64.3%). The frequency 

of these sociodemographic characteristics significantly differed across race and ethnic groups 

(p<0.001).  

Measures of Discrimination 

Half of participants (51.1%) reported experiencing discrimination rarely, sometimes, or often 

(Table 1). Many participants attributed discrimination to age (15.1%) followed by race or 

ethnicity (14.2%), weight or physical appearance (11.6%), gender (11.3%), education or income 

(9.9%) and other characteristics (6.5%). Apart from attribution to the combined “other” 

characteristics variable, participant reports of discrimination significantly differed by race and 

ethnicity (p<0.001). Fewer Hispanic participants (42.7%) reported experience of discrimination 

relative to Black (51.6%) and White (54.9%). White participants were least likely to attribute 

discrimination to race or ethnicity (4.3%), while Hispanic participants were least likely to make 

other attributions (5.7-6.6%).  

Overall, 31.9% of the sample had an APHO (Table 1). Black participants had a higher 

rate APHOs (38.3%, n=357), relative to Hispanic (24.8%, n=117) and White (29.5%, n=252). 
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Prevalence of individual outcomes ranged from less than 1% for ICU admission to 17.5% for 

small for gestational age. White participants (14.4%) had higher rates of PPDS than Black 

(7.7%) and Hispanic (5.8%). It should be noted that due to collection at the postpartum visit, 

missingness on the PPDS variable was considerably higher than for other outcome variables, 

missing from 31.5% of participants (n=719).  

Latent Class Models  

Fit indices for models ranging from 1 to 6 classes are presented in Table 2. Classes 1-4 were well 

identified (higher % of seeds associated). Entropy for models ranged between 1-0.85, suggesting 

low classification uncertainty. The BIC suggests a 3-class model, while the AIC suggests a 4-

class model offers the best fit. The 4-class model was supported by the BLRT and yielded 

interpretable and meaningful classes; it was therefore selected to offer the best fit. Table 3 

displays the latent class profiles and labels for the 4-class model. Sociodemographic 

characteristics across the 4 classes are available in supplemental material.  

The likelihood-ratio difference test revealed that underlying LCA measurements 

significantly differed across racial and ethnic groups (∆G2 = 100.7, df = 56, p < 0.001). Thus, 

race and ethnicity specific latent class models were estimated. Participants reporting “other” race 

and ethnicity were excluded from stratified LCA due to the small sample size. Fit indices and 

modal interpretability for each racial and ethnic were examined individually. Models with 1-5 

classes were well identified for Black and White participants and with 1-4 classes for Hispanic 

participants. Minimum AIC and BIC indicated the best fitting model for Black and White 

participants to be 3 or 4 classes and for Hispanic participants to be 2, 3 or 4 classes. The BLRT 

suggested models with up 4 classes offered superior fit for Black and Hispanic participants and 

up to 3 classes White. Model selection criteria largely indicated at 3 or 4 class model as optimal, 
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the interpretability of models were evaluated and a 4-class model selected as the best fit for each 

race and ethnicity group (Table 2).  

Race and Ethnicity Stratified Models  

Similar and different latent classes emerged in race and ethnicity stratified models (Table 3). 

Among all race and ethnicity groups the largest class (45.6%-59.2%) labelled “No 

Discrimination” did not experience discrimination. The second largest class for each 

race/ethnicity (31%-41.5%), labelled “General Discrimination” experienced discrimination yet 

had a relatively low probability of attributing discrimination to any particular characteristic 

Uniquely among Hispanic participants the “General Discrimination” class had a moderate 

probability of attributing discrimination to race and ethnicity.  

The two smaller classes of maternal discrimination in each race and ethnicity varied. 

Among Black participants, the third largest class (12.5%) labelled “Gender, Race and Ethnicity 

and Age Discrimination” experienced discrimination and had a relatively high probability of 

attributing discrimination to gender, race and ethnicity, and age but a low probability of 

attributing discrimination to other characteristics. The fourth and smallest class (5.6%), labelled 

“Compound Discrimination” experienced discrimination and had a relatively high probability of 

attributing discrimination to all characteristics. 

Among Hispanic participants, the third largest class (6.1%) labelled “Other 

Discrimination” experienced discrimination and had a relatively high probability of attributing 

discrimination to characteristics in the other discrimination category. The fourth and smallest 

class (3.6%), labelled “Compound Discrimination” experienced discrimination and had a 

relatively high probability of attributing discrimination to all characteristics except age and 

weight/appearance for which they had a moderate probability.  
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Among the White sample, the third largest class (7%) labelled “Education/Income, 

Weight/Appearance and Age Discrimination” experienced discrimination and had a relatively 

high probability of attributing discrimination to education/income, weight/appearance and age 

but a low probability of attributing discrimination to other characteristics. The fourth and 

smallest class (5.8%), labelled “Compound Discrimination” experienced discrimination and had 

a relatively high probability of attributing discrimination to gender, age, and weight/appearance, 

as well as a moderate probability of attributing discrimination to other characteristics.  

Association with Adverse Perinatal Health Outcomes  

Estimated outcome probability for each latent class and pairwise comparisons between each 

latent class are displayed in Table 4 and 5 respectively. Our focus will be on results of the race 

and ethnicity stratified models as they were determined to best fit the data.  

Among Black participants, pairwise comparisons indicate the expected probability of 

severe/moderate PPDS were significantly higher for the “General Discrimination” class relative 

to the “No Discrimination” class (P=0.09 vs. P=0.05; p=0.04). No other significant latent class 

differences were identified in the Black sample. Among Hispanic participants, pairwise 

comparisons did not uncover any significant between class differences in outcomes that were 

able to be compared. Among White participants, pairwise comparisons indicated the expected 

probability of severe/moderate PPDS for the “General Discrimination” class was significantly 

higher than for the “No Discrimination class” (P=0.18 vs. P=0.09; p=0.01). Additionality, the 

probability of LBW for the “General Discrimination” class was significantly higher than for the 

“No Discrimination class” (P=0.11 vs. P=0.06; p=0.04). Finally, among White participants, 

expected probability of composite APHO was significantly lower for the “Compound 
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Discrimination” class than the “General discrimination class (P=0.12 vs. P=0.35; p=0.02). No 

further significant differences in outcomes by class were observed in the White sample.    

 

Discussion  

Guided by an intersectionality framework, we explored pregnant persons varied and intersecting 

exposure to discrimination and the impact on birth outcomes. Discrimination varied significantly 

across race and ethnicity therefore, models were estimated separately for each race and ethnicity. 

We identified four unique classes of perceived discrimination. The largest two subgroups of 

discrimination across each race and ethnicity included participants who reported never 

experiencing discrimination (No discrimination) and participants who experienced 

discrimination but did not strongly attribute discrimination to any one characteristic (general 

discrimination). The smaller two subgroups varied across racial and ethnicity groups but 

included one class with a high probability of attributing discrimination to a single or multiple 

characteristics and one class with a high or moderate probability of attributing discrimination to 

most or all characteristics. Discrimination subgroups identified are consistent with previous 

studies of intersectional discrimination, which have largely taken place among older adults. 22–24  

In which, similar classes of no/minimal discrimination, single/general attribution, 

several/multiple attributions, and high/all attributions were identified. 

Further, we found pregnant persons’ risk of developing some APHOs significantly 

differed by discrimination subgroup. Black and White participants experiencing general 

discrimination were found to be at an increased risk of PPDS relative to participants who did not 

experience discrimination. This finding is congruent with existing literature demonstrating an 

association between discrimination and PPDS. Analysis of the Pregnancy Risk Assessment 
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Monitoring System (PRAMS) postnatal survey suggests that respondents who report being upset 

by race-based discrimination in the prior year are more likely to identify as experiencing PPDS, 

with the strongest relationship seen for Black participants. 25–27 Analysis of the overall sample 

produced conflicting findings, with those in the general discrimination subgroup found to have a 

significantly lower rate of PPDS relative to the no discrimination, as well as the education and 

income discrimination subgroups. However, race and ethnicity stratified models were determined 

to better fit the data as the null hypothesis of invariance across groups did not hold, suggesting 

the meaning of the four estimated classes differed by race and ethnicity.  

Contrary to previous studies,25,26,27 our analysis did not uncover an association between 

maternal discrimination and PPDS among Hispanic participants. Lack of association between 

discrimination subgroups and outcomes may be due to the small sample size of Hispanic 

participants in our study relative to other race and ethnic groups. Among Hispanic participants, 

class associations were only examined for composite APHOs, PTB and APGAR score as the 

sample size was too small to achieve accurate estimates for other outcome variables. A pattern in 

class probabilities is not apparent, though not significantly different the “No discrimination” 

class had the highest probability of experiencing composite APHOs, the “Other discrimination” 

class of PTB and the “Compound discrimination” class of an APGAR score of less than seven at 

five minutes. Finding could reflect protective factors buffering against the effect of 

discrimination within this community. Relative to other race and ethnic groups, Hispanic 

participants had lower rates on all outcomes measured. This pattern has been noted previously in 

the literature and is coined the “Hispanic Paradox”.28 Despite lower socioeconomic status, 

Hispanic persons defy the socioeconomic gradient of health demonstrating relatively good health 

outcomes. It is hypothesized that sociocultural norms and values such as social support and 
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religiosity may buffer Hispanic persons against health disparities.29 Studies suggest the Hispanic 

paradox deteriorates with increased time in the United States, as well as among subsequent 

generations.30 The majority of Hispanic participants in our sample (65.6%) were born outside the 

United States.  

Among White participants, those who experienced general discrimination also had a 

higher risk of delivering a LBW infant relative to participants who did not experience 

discrimination. Although this is consistent with extant literature supporting the association 

between perceived discrimination and risk of APHOs, that is was observed only among White 

participants is surprising, as the relationship has previously been seen to be most robust among 

Black pregnant persons.6 White participants reported the highest rate of discrimination in our 

sample. We incorporated assessment of discrimination based on multiple social identities 

therefore, findings may be due to the high prevalence of discrimination based on social identities 

other than race and ethnicity among White participants. White participants were most likely to 

attribute their discrimination to age and had a larger subset of participants under 25 years old 

than other racial and ethnic groups. Data collection took place during the Trump administration 

in a southern predominately conservative republican leaning area. Studies of perceived racial 

relations in the US suggest, White Americans perceive decreases in anti-black bias to be 

accompanied by increasing anti-white bias or “reverse racism” and conservative White 

Americans believe anti-white bias is now more prominent the anti-black bias.31 Findings might 

reflect perceptions of this tension or could be a function of measure interpretation. While 

numerous studies attest the EDS strong psychometric properties, recent studies raise concerns 

about the instruments equivalence across diverse social groups. 32 Interpretation of EDS 



 147 

questions may differ across racial groups, with White participants more likely to interpret the 

scale as asking about unfair treatment rather than specifically about discrimination.33  

An additional unexpected finding of our analysis was that White participants 

experiencing compound discrimination were less likely to experience an AHPO relative to those 

experiencing general discrimination. This is the opposite relationship than would be predicted by 

an intersectionality framework and paired with other findings could suggest unique risks among 

the general discrimination subgroups. Among White participants, those experiencing general 

discrimination had the highest probability of experiencing most APHOs. By contrast, among 

black participants, those experiencing compound discrimination had the highest probability of 

experiencing most APHOs. These findings might be in keeping with an interpretation of EDS 

items as querying general unfair behavior rather than discrimination among White participants.33 

Alternatively, this finding may be an artifact of the compound discrimination subgroups small 

class size.  

Limitations 

Our study has limitations. First, while our sample is relatively large, sub-analyses by race and 

ethnicity further subdivides the sample limiting power to detect differences in low prevalence 

outcomes. For this reason, discrimination subgroups representing discrimination attributed to 

one, many or all characteristics may not have been significantly associated with greater risk of 

APHOs in our sample. Second, the present sample included pregnant persons with low medical 

risk from a single practice site, findings may therefore not be generalizable to other populations. 

Moreover, our focus on medically low risk pregnancies may have resulted in attenuated 

associations, particularly among Black persons who might be expected to have worsened health 

at entry to prenatal care due to disadvantages across the life course. Third, we utilized a 
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composite measure of APHOs as our primary outcome to increase our power and communicate 

the net effect of discrimination experiences on perinatal health. However composite measures 

also present challenges to interpretation, particularly when components differ in patient 

importance, event rate and effect size.34 In accordance with recommendations,35 individual 

components were reported alongside the composite measure. Finally, at this time the BCH distal 

outcome procedure in SAS is not equipped to accommodate covariates, our findings therefore do 

not control for other potentially confounding factors. While other strategies for distal outcome 

analysis can accommodate covariates in SAS, the BCH approach has been found to be more 

accurate than alternatives (e.g. classify and analyze approach, inclusive classify-analyze 

approach and pseudo pulls approach), taking into account uncertainty in class assignment.36, 37 

Strengths  

Our study also has several strengths. First, we applied a novel statistical approach, LCA, to 

explore experiences of discrimination during pregnancy. LCA moves beyond a single status 

analysis, providing a more comprehensive assessment of discrimination during pregnancy and its 

association with APHOs. The person-centered nature of LCA supports the application of an 

intersectional approach in which multiple social identities are jointly considered. Second, our 

study population which included a diverse racial and ethnic study population with primarily low-

income participants. Finally, we had rigorous data collection including variables from patient 

self-reported validated measures and through medical chart abstraction.  

Implications  

This study enhances our understanding of discrimination in pregnancy and associated perinatal 

health outcomes which may inform strategies for perinatal health promotion. Findings highlight 

the importance of assessing and addressing discrimination as intersectional rather than 
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unidimensional domains. Interventions adopting an intersectionality framework may be best 

suited to respond to the complex discrimination experiences that impact pregnant people and 

promote perinatal health. Screening for discrimination exposure as a significant risk factor for 

adverse perinatal health could be incorporated in prenatal care setting and a systematic 

surveillance system of discrimination exposure and perinatal outcomes implemented. 

Conclusion 

Our results algin with existing evidence on perceived discrimination as an important risk factor 

for APHOs. By incorporating an intersectionality framework this study extends understanding of 

the variety and intersections of discrimination experienced by pregnant persons, as well as the 

association with APHOs, particularly PPDS. Future research in large samples is needed to 

further clarify subgroups most at risk, as well as potential moderating factors. This work will be 

facilitated by the modification and validation of instruments to assess perceived discrimination 

for use across diverse social groups.  
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Tables and Figures  

 
Table 4.1 Frequency of sociodemographic characteristics, everyday discrimination and adverse perinatal health 

outcomes 

 Frequency (%)  

A. Overall  

n=2286 

B. Black 

 

C. Hispanic D. White P value 

Sociodemographic 

Characteristics 

     

Race and ethnicity      

 Black  933 (40.8%) - - -  

 Hispanic  471 (20.6%) - - -  

 White  853 (37.3%) - - -  

 “other” race  29 (1.3%) - - -  

Age 

 14-24 401 (17.5%) 155 (16.6%) 74 (15.7%) 170 (19.9%) <0.0001 

 25-34 1755 (76.8%) 740 (79.3%) 343 (72.8%) 649 (76.1%)  

 35-45 130 (5.7%) 38 (4.1%) 54 (11.5%) 34 (3.9%)  

Medicaid eligibility  

 Eligible  1970 (96.4%) 795 (96.9%) 417 (96.1%) 734 (96.2%) 0.6330 

 Ineligible 73 (3.6%) 25 (3.1%) 17 (3.9%) 29 (3.8%)  

Educational Attainment  

 Less than high school  556 (24.3%) 150 (16.1%) 169 (35.9%) 232 (27.2%) <0.0001 

 High school  1226 (53.6%) 562 (60.2%) 202 (42.9%) 446 (52.3%)  

 More than high school  460 (20.1%) 203 (21.8%) 87 (18.5%) 162 (18.9%)  

 Missing  44 (1.9%) 18 (1.9%) 13 (2.8%) 13 (1.5%)  

Relationship status 

 Married  422 (18.5%) 261 (27.9%) 52 (11.0%) 137 (16.1%) <0.0001 

 Engaged or committed 

dating relationship  

913 (39.9%) 59 (6.3%) 171 (36.3%) 180 (21.1%)  

 Single or other  451 (19.7%) 374 (40.1%) 176 (37.4%) 352 (41.3%)  

 Missing  500 (21.9%) 239 (25.6%) 72 (15.3%) 184 (21.6%)  

Nativity 

 Born outside the US  358 (15.7%) 23 (2.5%) 309 (65.6%) 13 (1.5%) <0.0001 

 Born in the US 1917 (83.9%) 910 (97.5%) 154 (32.7%) 838 (98.2%)  

 Missing  11 (0.5%) 0 (0%) 8 (1.7%) 2 (0.2%)  

Initial BMI  

 Underweight  72 (1.2%) 36 (3.9%) 8 (1.7%) 28 (3.3%) <0.0001 

 Healthy weight  744 (32.6%) 300 (32.2%) 136 (28.9%) 301 (35.3%)  

 Overweight  577 (25.2%) 206 (22.1%) 155 (32.9%) 207 (24.3%)  

 Obese  893 (39.1%) 391 (41.9%) 172 (36.5%) 317 (37.2%)  

Parity 

 Nulliparous  1018 (44.5%) 445 (47.7%) 170 (36.1%) 391 (45.8%) <0.0001 

 Primiparous or Multiparous  1268 (55.5%) 488 (52.3%) 301 (63.9%) 462 (54.2%)  

Indicator Variables 

Frequency of Discrimination 

 Never  1117 (48.9%) 452 (48.5%) 270 (57.3%) 384 (45.0%) <.0001 

 Rarely, sometimes, or often 1169 (51.1%) 481 (51.6%) 201 (42.7%) 469 (54.9%)  

Discrimination Attribution 

 Age 344 (15.1%) 156 (16.7%) 27 (5.7%) 157 (18.4%) <.0001 

 Race/ethnicity 325 (14.2%) 189 (20.3%) 89 (18.9%) 37 (4.3%) <.0001 

 Weight and some other 

aspect of physical 

appearance 

266 (11.6%) 113 (12.1%) 27 (5.7%) 120 (14.1%) <.0001 

 Gender 259 (11.3%) 146 (15.7%) 28 (5.9%) 80 (9.4%) <.0001 
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 Education or income level 228 (9.9%) 98 (10.5%) 26 (5.5%) 102 (11.9%) 0.0008 

 Other 148 (6.5%) 65 (6.9%) 31 (6.6%) 47 (5.5%) 0.4373 

Outcome Variables  

Composite APHOs 

 None 1555 (68.0%) 576 (61.7%) 354 (75.2%) 601 (70.5%) <.0001 

 Any  731 (31.9%) 357 (38.3%) 117 (24.8%) 252 (29.5%)  

PTB 

 No 1954 (90.5%) 784 (89.2%) 412 (92.2%) 732 (90.7%) 0.2045 

 Yes  205 (9.5%) 95 (10.8%) 35 (7.8%) 75 (9.3%)  

 Missing  127 54 24 46  

LBW  

 No 1828 (90.8%) 702 (87.6%) 410 (93.6%) 691 (92.3%) 0.0004 

 Yes  186 (9.2%) 99 (12.4%) 28 (6.4%) 58 (7.7%)  

 Missing  272 132 33 104  

SGA  

 No 1660 (82.5%) 602 (75.3%) 394 (89.5%) 644 (85.9%) <.0001 

 Yes  353 (17.5%) 198 (24.8%) 46 (10.5%) 105 (14.0%)  

 Missing  273 133 33 104  

NICU admission 

 No 1848 (97.9%) 738 (97.9%) 402 (99.3%) 683 (97.3%) 0.0820 

 Yes 38 (2.0%) 16 (2.1%) 3 (0.7%) 19 (2.7%)  

 Missing  400 179 66 151  

Apgar < 7  

 No 2051 (93.3%) 818 (91.6%) 436 (95.2%) 772 (93.9%) 0.0276 

 Yes 148 (6.7%) 75 (8.4%) 22 (4.8%) 50 (6.1%)  

 Missing  87 40 13 31  

Preeclampsia 

 No 2117 (92.6%) 856 (91.8%) 442 (93.8%) 791 (92.7%) 0.3576 

 Yes  169 (7.4%) 77 (8.3%) 29 (6.2%) 62 (7.3%)  

ICU 

 No 2280 (99.7%) 931 (99.8%) 470 (99.8%) 850 (99.7%) 0.8264 

 Yes  6 (0.3%) 2(0.2%) 1(0.2%) 3(0.4%)  

PPDS   

 Score <13 1413 (90.2%) 586 (92.3%) 324 (94.2%) 486 (85.6%) <.0001 

 Score ≥13  154 (9.8%) 49 (7.7%) 20 (5.8%) 82 (14.4%)  

 Missing  719 298 127 285  

Significant p-values bolded; P-values determined by X2 test  

Abbreviations: US, United States; BMI, Body Mass Index; APHOs, adverse perinatal health outcomes; LBW, 

low birth weight; PTB, preterm birth; SGA, small for gestational age; PPD, postpartum depression 

Other discrimination includes discrimination attributed to insurance/Medicaid status, ancestry/national origin, 

sexual orientation or religion 
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Table 4.2 Fit indices for latent classes of discrimination in the overall sample and among Black, Hispanic and 

White  

 Model G2 df AIC BIC CAIC SABIC BLRT Entropy % of 

seeds 

associated 

A. 

Overall 

1-class 2724.45 120 2738.4

5 

2778.6

0 

2785.6

0 

2756.36 n/a 1.00 100% 

2-class  308.26 112 338.26 424.28 439.28 376.62 0.01 0.85 100% 

3-class  131.43 104 177.43 309.33 332.33 263.25 0.01 0.88 99.00% 

4-class  84.55 96 146.55 324.32 355.32 225.82 0.01 0.85 34.00% 

5-class  60.81 88 138.81 362.46 401.46 238.55 0.02 0.88 3.7% 

6-class  45.02 80 139.02 408.55 455.55 259.22 0.1 0.80 5.40% 

           

B. Black   1-class 1407.69 120 1407.6

9 

1421.6

9 

1462.5

6 

1433.33 n/a 1.00 100% 

2-class 201.49 112 231.49 231.49 304.06 319.06 0.01 0.89 100% 

3-class 89.58 104 135.58 269.86 269.86 173.81 0.01 0.87 100% 

4-class 60.57 96 122.57 272.56 303.56 174.11 0.01 0.90 34.70% 

5-class 45.42 88 123.42 312.12 351.12 188.25 0.12 0.92 46.70% 

6-class 38.08 80 132.08 359.49 406.49 210.22 0.79 0.89 3.50% 

 

C. 

Hispanic  

1-class 514.03 120 514.03 528.03 557.11 564.11 n/a 1.00 100% 

2-class 78.89 112 108.89 171.21 186.21 123.61 0.01 0.86 100% 

3-class 50.70 104 96.70 192.26 215.26 119.26 0.01 0.93 96.60% 

4-class 33.51 96 95.51 224.31 255.31 125.92 0.04 0.89 50.40% 

5-class 22.39 88 100.39 262.43 301.43 138.65 0.19 0.91 11.30% 

6-class 16.17 80 110.17 305.45 352.45 156.28 0.62 0.86 13.70% 

 

D. White 1-class  881.57 120 895.57 928.81 935.81 906.58 n/a 1.00 100% 

2-class 123.48 112 153.48 224.71 239.71 177.07 0.01 0.81 100% 

3-class 69.32 104 115.32 224.54 247.54 151.50 0.01 0.83 100% 

4-class 50.73 96 112.73 259.94 290.94 161.49 0.06 0.86 44.90% 

5-class 39.63 88 117.63 302.83 341.83 178.98 0.33 0.84 61.50% 

6-class 34.56 80 128.56 351.75 398.75 202.49 0.98 0.87 0.30% 

Bolded letters indicated the best fitting models. 

Abbreviations: G2, Goodness of Fit test; df, degrees of freedom; AIC, Akaike Information Criterion; BIC, 

Bayesian Information Criterion; CAIC, Consistent AIC; SABIC, sample size adjusted BIC, BLRT, Bootstrap 

Likelihood Ratio Test 
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Table 4.3 Item-response probabilities for four-class models of discrimination 

 Indicator items Item response probabilities 

A. 

Overall  

 Class 1: No 

discrimination 

(49.1%) 

 

Class 2: General 

discrimination 

(32.3%) 

 

Class 3: Education 

and income 

discrimination 

(8.8%) 

Class 4: 

Gender, race, 

ethnicity and 

age 

discrimination 

(9.8%) 

 Discrimination 

frequency   

0.00 0.99 0.99 0.99 

Gender 0.00 0.09 0.00 0.83 

Race and ethnicity 0.00 0.21 0.11 0.64 

Age  0.00 0.17 0.31 0.67 

Education and income 0.00 0.02 0.66 0.34 

Weight and appearance  0.00 0.16 0.33 0.37 

Other discrimination 0.00 0.05 0.19 0.31 

B. 

Black 

 Class 1: No 

discrimination 

(48.9%) 

 

Class 2: General 

discrimination 

(32.9%) 

 

Class 3: Gender, 

race, ethnicity and 

age discrimination 

(12.5%) 

Class 4: 

Compound 

discrimination 

(5.6%) 

Discrimination 

frequency   

0.01 0.99 0.99 0.99 

Gender 0.00 0.00 0.91 0.71 

Race and ethnicity 0.00 0.24 0.61 0.82 

Age  0.00 0.17 0.54 0.79 

Education and income 0.00 0.17 0.07 0.69 

Weight and appearance  0.00 0.20 0.21 0.50 

Other discrimination 0.00 0.08 0.12 0.49 

C. 

Hispa-

nic 

 Class 1: No 

discrimination  

(59.2%) 

Class 2: General 

discrimination  

(31.0%) 

Class 3: Other 

discrimination 

(6.1%) 

Class 4: 

Compound 

Discrimination 

(3.6%) 

Discrimination 

frequency   

0.03 0.99 0.99 0.99 

Gender 0.00 0.09 0.00 0.78 

Race and ethnicity 0.00 0.45 0.22 0.91 

Age  0.00 0.11 0.09 0.41 

Education and income 0.00 0.06 0.26 0.54 

Weight and appearance  0.00 0.14 0.00 0.34 

Other discrimination 0.00 0.00 0.76 0.55 

D. 

White 

 Class 1: No 

discrimination 

(45.6%) 

 

Class 2: General 

discrimination 

(41.5%) 

 

Class 3: 

Education, 

income, weight, 

appearance and 

age discrimination 

(7.0%) 

Class 4: 

Compound 

Discrimination  

(5.8%) 

 

Discrimination 

frequency   

0.01 0.99 0.99 0.99 

Gender 0.00 0.09 0.00 0.90 

Race and ethnicity 0.00 0.04 0.05 0.34 

Age  0.00 0.24 0.49 0.82 

Education and income 0.00 0.12 0.67 0.38 

Weight and appearance  0.00 0.16 0.62 0.49 

Other discrimination 0.00 0.04 0.24 0.39 

Probabilities of 0.49 or higher are bolded.  
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Other discrimination includes attributions to insurance/Medicaid status, ancestry/national origin, sexual 

orientation and religion. 

 

 
Table 4.4 Estimated proportions of adverse perinatal health outcomes by latent class 

   BCH-Estimated Probabilities (95% CI) 

A. 

Overall  

 n=2286 Class 1: No 

discrimination 

Class 2: 

General 

discrimination 

Class 3: 

Education and 

income 

Discrimination 

Class 4: 

Gender, race, 

ethnicity and 

age 

discrimination 

APHOs 731 (31.9%) 0.32 (0.29-0.35) 0.33 (0.29-0.37) 0.31 (0.22-0.39) 0.31 (0.24-0.39) 

PTB 205 (9.5%) 0.09 (0.08-0.11) 0.12 (0.09-0.15) 0.04 (0.02-0.12) 0.09 (0.05-0.15) 

LBW  186 (9.2%) 0.08 (0.07-0.10) 0.09 (0.07-0.12) 0.10 (0.04-0.16) 0.11 (0.06-0.16) 

SGA 353 (17.5%) 0.17 (0.15-0.19) 0.17 (0.13-0.20) 0.21 (0.13-0.29) 0.18 (0.12-0.25) 

NICU 38 (2.0%) 0.02 (0.01-0.03) 0.02 (0.01-0.04) 0.01 (0.00-0.08) 0.02 (0.01-0.07) 

Apgar <7 148 (6.7%) 0.06 (0.05-0.08) 0.07 (0.05-0.09) 0.09 (0.04-0.14) 0.07 (0.03-0.12) 

Preeclam

-psia 

169 (7.4%) 0.07 (0.06-0.09) 0.08 (0.06-0.10) 0.04 (0.01-0.10) 0.09 (0.06-0.15) 

PPDS   154 (9.8%) 0.21 (0.12-0.29) 0.06 (0.05-0.08) 0.12 (0.09-0.15) 0.10 (0.05-0.16) 

B. 

Black  

 n=933 Class 1: No 

discrimination 

 

Class 2: 

General 

discrimination 

Class 3: Gender, 

race, ethnicity 

and age 

discrimination 

Class 4: 

Compound 

discrimination 

APHOs 357 (38.3%) 0.38 (0.33-0.42) 0.37 (0.31-0.43) 0.41 (0.30-0.51) 0.43 (0.25-0.62) 

PTB 95 (10.8%) 0.10 (0.07-0.13) 0.11 (0.07-0.15) 0.09 (0.02-0.15) 0.17 (0.03-0.31) 

LBW  99 (12.4%) 0.11 (0.08-0.14) 0.13 (0.09-0.18) 0.12 (0.06-0.22) 0.22 (0.09-0.42) 

SGA 198 (24.8%) 0.23 (0.19-0.28) 0.26 (0.20-0.31) 0.25 (0.17-0.37) 0.34 (0.18-0.55) 

NICU 16 (2.1%) 0.02 (0.01-0.04) 0.02 (0.01-0.05) 0.03 (0.01-0.11) 0.06 (0.01-0.26) 

Apgar <7 75 (8.4%) 0.08 (0.05-0.11) 0.09 (0.06-0.13) 0.11 (0.06-0.19) 0.06 (0.01-0.29) 

Preeclam

-psia 

77 (8.25%) 0.08 (0.06-0.11) 0.08 (0.05-0.12) 0.13 (0.05-0.18) 0.06 (0.01-0.26) 

PPDS   49 (7.7%) 0.05 (0.03-0.08) 0.09 (0.06-0.15) 0.09 (0.04-0.20) 0.13 (0.04-0.38) 

C. Hisp-

anic  

   n=471 Class 1: No 

discrimination  

Class 2: 

General 

discrimination 

Class 3: Other 

discrimination 

Class 4: 

Compound 

discrimination 

APHOs 117 (24.8%) 0.27 (0.22-0.33) 0.21 (0.15-0.29) 0.23 (0.09-0.46) 0.21 (0.06-0.54) 

PTB  35 (7.8%) 0.07 (0.05-0.11) 0.07 (0.04-0.14) 0.15 (0.05-0.39) 0.07 (0.01-0.47) 

Apgar <7 22 (4.8%) 0.05 (0.03-0.08) 0.02 (0.00-0.09) 0.14 (0.04-0.36) 0.15 (0.04-0.47) 

D. 

White  

 n=853 Class 1: No 

Discrimination 

Class 2: 

General 

discrimination 

Class 3: 

Education, 

income, weight, 

appearance, age 

discrimination 

Class 4:  

Compound 

Discrimination  

APHOs 252 (29.5%) 0.28 (0.25-0.34) 0.35 (0.29-0.40) 0.17 (0.06-0.41) 0.12 (0.04-0.30) 

LBW  58 (7.7%) 0.06 (0.04-0.09) 0.11 (0.08-0.15) 0.04 (0.00-0.39) 0.02 (0.00-0.33) 

SGA 105 (14.0%) 0.14 (0.11-0.18) 0.17 (0.13-0.22) 0.01 (0.00-0.97) 0.07 (0.02-0.26) 

Apgar <7 50 (6.1%) 0.06 (0.04-0.08) 0.07 (0.04-0.11) 0.08 (0.02-0.28) 0.02 (0.00-0.25) 

Preeclam

-psia 

62 (7.3%) 0.07 (0.05-0.10) 0.08 (0.05-0.11) 0.07 (0.01-0.28) 0.07 (0.02-0.23) 

PPDS   75 (9.3%) 0.09 (0.07-0.14) 0.18 (0.13-0.25) 0.24 (0.09-0.49) 0.13 (0.04-0.34) 

Abbreviations: APHOs, adverse perinatal health outcomes; LBW, low birth weight; PTB, preterm birth; SGA, 

small for gestational age; PPD, postpartum depression 
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Table 4.5 Difference in log odds estimations of proportions of outcomes by latent class 

  BCH-estimated difference in log odds 

A. 

Overall  

 Class 2 vs. 

Class 1 

Class 3 vs. 

Class 1 

Class 4 vs. 

Class 1 

Class 3 vs. 

Class 2 

Class 4 vs. 

Class 2 

Class 4 vs. 

Class 3 

APHOs 0.04 (0.11) -0.05 (0.22) 0.98 (0.19) 0.91 (0.25) 0.93 (0.21) 1.02 (0.28) 

PTB  0.29 (0.17) -0.78 (0.55) 0.96 (0.32) -0.06 (0.58) 0.68 (0.35) 1.74 (0.65) 

LBW  0.16 (0.19) 0.21 (0.36) 1.29 (0.29) 1.05 (0.41) 1.14 (0.34) 1.09 (0.45) 

SGA -0.05 (0.15) 0.23 (0.26) 1.07 (0.24) 1.28 (0.31) 1.12 (0.27) 0.84 (0.35) 

NICU 0.00 (0.40) -0.35 (0.95) 1.07 (0.66) 0.65 (1.05) 1.07 (0.75) 1.42 (1.15) 

Apgar <7 0.09 (0.16) 0.39 (1.18) 1.19 (0.34) 1.31 (0.43) 1.09 (0.06) 0.79 (0.19) 

Preeclam-

psia 

0.08 (0.19) -0.74 (0.58) 1.27 (0.29) 0.18 (0.62) 1.19 (0.33) 2.01 (0.65) 

PPDS   -1.36 (0.31) 

** 

-0.63 (0.34) 0.18 (0.42) 1.73 (0.22) 

** 

1.54 (0.34) 0.82 (0.36) 

B. 

Black  

 Class 2 vs. 

Class 1 

Class 3 vs. 

Class 1 

Class 4 vs. 

Class 1 

Class 3 vs. 

Class 2 

Class 4 vs. 

Class 2 

Class 4 vs. 

Class 3 

APHOs 0.99 (0.16) 0.14 (0.24) 1.24 (0.40) 0.15 (0.26) 0.25 (0.42) 1.11 (0.49) 

PTB  1.09 (0.26) -0.20 (0.45) 1.59 (0.53) -0.29 (0.47) 0.51 (0.56) 1.79 (0.74) 

LBW  1.23 (0.25) 0.07 (0.46) 1.83 (0.52) -0.16 (0.43) 0.59 (0.54) 1.76 (0.70) 

SGA 1.13 (0.19) 0.12 (0.29) 1.53 (0.46) -0.01 (0.32) 0.39 (0.48) 1.41 (0.58) 

NICU 1.04 (0.67) 0.59 (0.84) 2.37 (0.93) 0.55 (0.92) 1.33 (1.04) 1.77 (1.25) 

Apgar <7 1.19 (0.28) 0.38 (0.39) 0.78 (0.94) 0.18 (0.42) -0.41 (0.97) 0.41 (1.07) 

Preeclam-

psia 

0.91 (0.28) 0.22 (0.39) 0.55 (0.93) 0.31 (0.42) -0.36 (0.96) 0.33 (1.06) 

PPDS   1.74 (0.36)* 0.69 (0.53) 1.09 (0.75) -0.05 (0.53) 0.35 (0.76) 1.39 (0.95) 

C. 

Hispan-

ic  

 Class 2 vs. 

Class 1 

Class 3 vs. 

Class 1 

Class 4 vs. 

Class 1 

Class 3 vs. 

Class 2 

Class 4 vs. 

Class 2 

Class 4 vs. 

Class 3 

APHOs -0.31 (0.27) -0.23 (0.55) 0.69 (0.75) 0.08 (0.59) 1.00 (0.79) 0.92 (0.94) 

PTB  -0.04 (0.45) 0.81 (0.69) 1.00 (1.25) 0.85 (0.79) 1.03 (1.31) 0.19 (1.43) 

Apgar <7 -1.21 (1.05) 1.11 (0.71) 2.25 (0.86) 2.32 (1.29) 3.47 (1.37) 1.15 (1.08) 

D. 

White  

 Class 2 vs. 

Class 1 

Class 3 vs. 

Class 1 

Class 4 vs. 

Class 1 

Class 3 vs. 

Class 2 

Class 4 vs. 

Class 2 

Class 4 vs. 

Class 3 

APHOs 0.27 (0.17) -0.65 (0.61) -1.05 (0.58) 0.08 (0.65) -0.31 

(0.59)* 

0.61 (0.83) 

LBW  0.62 (0.30)* -0.59 (1.48) -1.24 (1.68) -0.22 (1.54) -0.86 (1.70) 0.36 (2.24) 

SGA 0.25 (0.23) -2.50 (3.92) -0.70 (0.77) -1.75 (3.97) 0.05 (0.79) 2.79 (4.02) 

Apgar <7 0.22 (0.34) 0.34 (0.82) -1.00 (1.41) 1.13 (0.91) -0.22 (1.44) -0.34 (1.61) 

Preeclam-

psia 

0.09 (0.31) -0.04 (0.87) 0.04 (0.70) 0.88 (0.95) 0.95 (0.74) 1.08 (1.10) 

PPDS   0.72 (0.29)* 1.10 (0.61) 0.35 (0.66) 1.38 (0.67) 0.63 (0.67) 0.25 (0.86) 

*p<0.05, **p<0.01; Significant p-values bolded; P-value determined by test Wald test  

Abbreviations: APHOs, adverse perinatal health outcomes; LBW, low birth weight; PTB, preterm birth; SGA, 

small for gestational age; PPD, postpartum depression 
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CHAPTER FIVE 

MANUSCRIPT TWO 

Title: For which patients is group prenatal care a good fit? A mixed methods study of group 

prenatal care attendance 

Abstract 

Introduction: Maternal and neonatal health in the US lags far behind peer nations. Enhancing 

the quality of prenatal and postpartum care reflects one strategy to improve perinatal health.  

Group prenatal care (GPNC) models represent one promising alternative to the standard 

individual prenatal care (IPNC) model. Despite some promising findings, evidence of GPNCs 

superiority has been inconsistent. The present study explores for what patient GPNC is a good fit 

through an examination of patient characteristics associated with session attendance and an 

exploration of the patient experience in GPNC compared to IPNC.  

Methods: A concurrent mixed methods approach was applied in the analysis of secondary data 

collected in a randomized control trial and associated program evaluation interviews. The 

primary outcome of quantitative analysis was session attendance among patients assigned to 

GPNC (n=1068). Primary predictors of interest were sociodemographic, psychosocial, health and 

health behavior characteristics. The association of patient characteristics with session attendance 

was assessed using Zero-Inflated Poisson (ZIP) regression. Serial interviews with patients 

attending GPNC and IPNC (n=31) were analyzed using thematic analysis.  

Results: Varied sociodemographic (age, nativity, relationship status, education) psychosocial 

(prenatal distress, stress, housing instability, life stressors), health (gestational diabetes) and 

health behavior (smoking) characteristics were significantly associated with rate of attendance 
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(p<0.05). GPNC offered patients alternative opportunities for socialization, learning and 

engagement, as well as posing unique threats to satisfaction.  

Discussion: Patient groups differ in their rate of session attendance. These differences may be 

due to the differential experience offered in GPNC or to unique barriers faced by these patients 

to attend GPNC. Findings offer insight to enhance targeted recruitment, as well as for model 

modification.  Future studies are needed exploring the relationship between patient 

characteristics, GPNC experience and barriers encountered in attending GPNC.  

Keywords: prenatal care, group prenatal care, centeringpregnancy, perinatal health 

Introduction 

The United States (US) ranks far behind peer nations in perinatal health, despite substantially 

greater per capita health care spending.1,2 Perinatal health in the US is characterized by large 

racial disparities that that have persisted and even widened over time.3,4 Quality prenatal and 

postnatal care is one important determinant of perinatal health.5  

Despite rapid advances in technology, guidelines for prenatal care in the US have 

remained relatively unchanged over the past century.6 Standard prenatal care involves a one-on-

one encounter between the provider and patient with increasing frequency over the course of 

pregnancy.7 The dominant individual prenatal care (IPNC) model can result in brief visits with 

long wait times, leaving care feeling rushed, impersonal and fragmented.8 One promising 

alternative to standard IPNC is the Group prenatal care (GPNC) model. Group care models have 

been implemented for a variety of health conditions and are theorized to provide benefit to 

patients through increased contact time with providers, reduced hierarchy between patient and 

provider, enhanced education, social support from fellow participants, and the formation of 

healthy social norms in the group.9 
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CenteringPregnancy is a popular model of GPNC, developed and trademarked by the 

Centering Healthcare Institute (CHI)10. GPNC is an innovative model of prenatal care that 

integrates physical assessment with extensive education and social support.11 Groups of 8 to 12 

pregnant patients with similar delivery dates receive prenatal care together over a series of ten 2-

hour sessions, following the same visit schedule as IPNC. GPNC is designed such that all 

prenatal care occurs in the group following the initial assessment, with the exception of health 

concern requiring privacy and cervical examinations in late pregnancy. Groups are facilitated by 

a consistent pairing of a certified health provider (obstetrician, nurse practitioner or midwife) and 

co-facilitator (registered nurse or social worker). CenteringPregnancy was founded upon a set of 

13 essential elements for effective GPNC (Figure 1).12 

At the start of each group session, patients participate in self-assessment, measuring and 

recording their own weight and blood pressure. Patients then receive an individual physical 

assessment from the provider in the group space (e.g., measurement of fundal height and fetal 

heartbeat). During this time, time is provided for socialization among group members. The 

remaining 60-90 minutes are spent in a provider facilitated group discussion on the topics of 

pregnancy, childbirth, and parenting aligned with group gestational age (Figure 1).13 Discussions 

follow a curriculum developed by the CHI that is adapted by providers to address concerns and 

priorities of the group. 

While showing promise, evidence of GPNC’s enhanced effect are inconsistent.14 Early 

randomized control trials (RCTs) and observational studies including large, matched cohort 

studies have found GPNC results in more favorable perinatal outcomes than IPNC.15, 16,17,18,19,20 

Yet, recent metanalyses of RCTs suggest the effect of GPNC is equivocal to IPNC.21,22 The 

discrepancy between RCT and observational studies may in part be attributed to the effects of 
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selection bias.22 In observational studies patients typically choose their preferred model of care 

and even with modern matching approaches unmeasured factors may influence participant 

choice of perinatal health. Characteristics of patients that select GPNC may contributes to the 

models enhanced effect. These patients may be healthier, more engaged in their care or may have 

received stronger encouragement from their provider to attend GPNC. Participant adherence to 

the intervention must also be considered when examining the effects of GPNC.17 Previous 

studies document consistent poor session attendance, even in the highly controlled trial 

environment where additional supports are offered substantial adherence challenges are 

encountered. Approximately 20% of patients assigned to GPNC do not attend a single GPNC 

session.23,24 

While offering potential benefits, GPNC may not be a one size fits all strategy. Few 

studies have investigated the characteristics of pregnant persons who attend GPNC. These 

existing studies present inconsistent findings. Younger, nulliparous patients, with  post-

secondary education, who did not stop smoking prior to intake, with average pregnancy 

knowledge and higher levels of stress have been found to be more interested in attending 

GPNC.25,26,27 Adolescents born outside the US, those in groups comprised of pregnant persons of 

more diverse ages and with higher perceived family support are more likely to attend 

GPNC.28,29,30 Other studies have found no difference in GPNC interest or attendance by patient 

characteristics. 26,31  

Since GPNC may improve perinatal health outcomes compared to standard IPNC, it is 

important to understand GPNC attendance patterns and associated factors. The present study 

sought to better understand for what patients GPNC is a good fit. Using a concurrent mixed 

methods approach, this study draws from quantitative data collected in a RCT comparing GPNC 
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to standard IPNC in combination with qualitative interviews collected through associated 

program evaluation. This study aims to 1) determine whether pregnant persons’ 

sociodemographic, psychosocial and health characteristics predict differential rates of GPNC 

session attendance among patients randomly assigned to GPNC through quantitative analysis and 

2) to compare the perceptions of pregnant persons receiving GPNC to peers receiving IPNC 

through qualitative analysis, providing context for observed attendance patterns. By examining 

data collected in a RCT, the present study benefits from random assignment, reducing the effect 

on selection bias on sample selection.   

Methods  

Design 

A concurrent mixed methods design comprised of independent data collection and analysis, 

followed by integration of quantitative and qualitative results was utilized.32 This approach was 

taken to complement each method and provide a more complete picture of how and why patients 

attend GPNC. In the interpretation phase qualitative and quantitative findings were synthesized, 

resulting in a more comprehensive understanding of GPNC attendance than quantitative or 

qualitative findings alone.   

Setting and Participants  

This project was conducted as a secondary data analysis of data from a larger randomized 

controlled trial, the Centering and Racial Disparities (CRADLE) trial and coordinated evaluation 

efforts, CRADLE Study Process Evaluation (CSPE). The primary objective of the CRADLE trial 

was to assess whether participation in GPNC reduced rates of preterm birth and low birth weight 

when compared to IPNC and to investigate whether GPNC reduced racial disparities in these 
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rates between black and white patients. Findings from the primary analysis have been published 

previously.33  

Methods of the CRADLE study have been described in detail previously.34 CRADLE 

study participants were recruited at a single hospital affiliated obstetrics practice in South 

Carolina serving a large medically underserved population. The trial took place between April 

2016 and January 2021. Patients were eligible for inclusion if they were between the ages of 14 

and 45, entered care prior to 21 weeks gestational age and were able to be enrolled by 24 weeks 

gestational age. Exclusion criteria included medical (e.g. pre-gestational diabetes, severe chronic 

hypertension, any disease requiring chronic immunosuppression and severe obesity with a body 

mass index greater than 50 kg/m) pregnancy (e.g. multiple gestation or planned cervical 

cerclage), social or behavioral (e.g. severe psychiatric disorder, active substance use or 

incarceration) complications that would preclude prenatal care or delivery by a nurse practitioner 

or indication of for planned preterm birth. A racially diverse sample or 2,348 medically low risk 

patients consented and were enrolled. Participants were stratified by race and randomly assigned 

(1:1) to attend GPNC (n=1175) or IPNC (n=1173).  

Patients were recruited upon entry to prenatal care and followed through 12-weeks 

postpartum. Data was collected at three time points: baseline, in the third trimester and 12-weeks 

postpartum. Upon enrollment and again in the third trimester, participants completed surveys 

composed of validated sociodemographic, psychosocial, and behavioral measures. Following 12-

weeks postpartum, maternal health history, service use, delivery, and birth outcomes were 

abstracted from maternal and infant electronic medical records. Participants were compensated 

$25 for their participation at the time of survey 1 and survey 2 if they completed at least five 
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visits in their assigned model of prenatal care.  For the current study quantitative analysis will be 

limited to participants who were assigned to GPNC arm.  

In coordination with the CRADLE trail, a program evaluation was conducted with the 

objective of assessing fidelity to the CenteringPregnancy model. Several methods of data 

collection were utilized in this aim. The present study will focus on data collected through serial 

semi-structured interviews of patients in GPNC and IPNC. Interview patients were recruited 

using purposeful sampling and GPNC patients attending groups lead by a variety of providers 

targeted. GPNC patients were eligible to participate if they had attended two GPNC sessions. 

Patients who attended GPNC for a previous pregnancy and who were enrolled in the CRADLE 

study were prioritized. IPNC patients were eligible to participate if they attended one routine 

prenatal care visit prior to 16-weeks gestational age, with CRADLE participants again 

prioritized. Additional sample inclusion criteria included access to a cellphone and no intention 

to move prior to delivery.  

The CRADLE trial (Pro00043994) and CSPE received institutional review board 

approval from the Prisma Health Office of Human Research Protection.  

Measures  

Patient Characteristics 

A variety of patient characteristics were collected through survey and medical record abstraction. 

Selection of patient characteristics of interest was informed by previous studies of group prenatal 

care attendance. If measures were conducted at both time points for example depression 

symptoms, only survey one reports were assessed to avoid capturing potential intervention 

effects. 
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Sociodemographic characteristic variables were collected at the baseline survey or 

through medical chart abstraction. Maternal age (calculated based on date of birth) and parity 

(dichotomized as nulliparous and primiparous/multiparous) were assessed in the medical chart. 

Participants reported their race and ethnicity, nativity, language, relationship status, educational 

attainment, school enrollment, employment status and health insurance status in the previous 

year. Participant race and ethnicity was classified as non-Hispanic Black, Hispanic, non-Hispanic 

White and “other race and ethnicity”. Participants pregnancy intention and feeling about 

pregnancy were measured using items adapted from the Pregnancy Risk Assessment Monitory 

System questionnaire and classified respectively as intended and unintended and happy, 

unhappy, or not sure of feelings.35  

Several items assessed participant mental health, general and pregnancy specific 

stressors. Symptoms of depression were measured using the Center for Epidemiological Studies 

Depression Scale (CES-D) adapted for use in pregnant populations and classified as of clinical 

concern (<12) or not reaching clinical concern (≥12).36 To assess anxiety arising from pregnancy 

concerns participants completed the Pregnancy-Specific Anxiety Scale (PSAS).37 How worried 

or bothered participants were concerning 17 common stressors in pregnancy was assessed using 

the Prenatal Distress Questionnaire (NUPDQ).38 Participants provided self-report of their 

neighborhood safety.39 For measures of pregnancy related anxiety, prenatal distress perceived 

stress and perceived neighborhood safety an average score was calculated, and participants 

classified as below average (a score of -1SD below the mean), average (a score within 1SD 

above and below the mean) and above average (a score of +1SD above the mean). Housing 

instability was measured as 2 or more moves in the last year based on previous research.40 

Participants also reported other housing issues that occurred in the previous year such as having 
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received an eviction or foreclosure notice as well as food insecurity in the previous month.41 

Participants indicated whether they experienced seven life stressors such as job loss or the death 

of a loved one during pregnancy using items adapted from the PRAMS questionnaire.42 

Participants perceived experience of discrimination was measured using the Everyday 

Discrimination Scale (EDS) and items assessing discrimination in prenatal care.43 Participants 

indicated the level of support they received from family as well as the father of their baby during 

pregnancy.  

Health and health behavior characteristic were determined via the medical chart and 

included body mass index (BMI), medical conditions, substance use during pregnancy and 

service use.  Body mass index (BMI) at initial prenatal care visit was determined from height and 

wight and ranges formed (underweight, <18.5; healthy, 18.5 to <25; overweight, 25 to <30; and 

obese, ≥30). Presence of maternal health conditions of gestational diabetes (GDM), chronic 

hypertension (CHTN) and gestational hypertension (GHTN) were determined via medical chart 

review. Self-reported substance use at survey 1 included cigarette smoking, alcohol use and 

marijuana use during pregnancy. Cigarette smoking was classified as none, smoked in 3 moths 

prior but quit and any smoking during pregnancy. The number of ultrasounds received was 

collected from medical chart review. This variable was intended as another potential indicator of 

medical complications, as suspected or confirmed conditions are typically associated with 

enhanced monitoring. Participants self-reported auxiliary service use at survey two, including 

use of food assistance programs, home visits with a nurse, mental health counseling or other 

public assistance programs.  

Attendance Variables 
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The primary outcome of quantitative analysis was GPNC session attendance. Total GPNC 

session attendance was deemed to be more representative of the “dose” of intervention received 

and the patient’s pattern of attendance than alternatives such as the proportion of eligible 

sessions attended.  Participant prenatal care attendance was abstracted from the electronic 

medical record and a count variable of session attendance calculated. A measure of IPNC visit 

attendance and total number of prenatal care visits/session attendance following enrollment were 

also calculated. Participant eligibility to attend GPNC sessions was derived from the month of 

study enrollment and delivery date, similar to the calculation of the Kotelchuck adequacy of 

prenatal care index but with a maximum of 10 sessions.44 

Participant Interviews  

Following informed consent and enrollment, CSPE participants participated in interviews guided 

by a semi-structured interview guide. Interview guide questions were structured around the 

session/visit process and differed by prenatal care model (Figure 2). Participants were asked to 

describe their most recent prenatal care visit, the most meaningful aspect of the visit and trust 

with their provider or provider and group. Participants received a $5 incentive for each interview. 

Interviews were intended to last between 10 and 15 minutes and the interviewer to remain 

consistent over subsequent interviews, as to encourage the development of trust. Interviews were 

audio recorded and took place in person as well as via telephone in rare cases. 

Quantitative Data Analysis   

Participants with pregnancies resulting in spontaneous abortion (n=47) and missing attendance 

information (n=60) were excluded from analysis due to ineligibility to attend sessions after 21 

weeks or missingness on the outcome variable of interest. In total 1,068 pregnant persons 

allocated to attend GPNC were included in the analytic sample. Descriptive statistics including 
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mean (standard deviation, SD) for continuous variables and counts with percentages for 

categorical variables were calculated to describe sample characteristics and prenatal care 

attendance. As session attendance was a count variable with a high prevalence of zero values, a 

Zero-inflated Poisson (ZIP) regression was used to assess the association between patient 

characteristics and session attendance. The ZIP model assumes that excess zeros occur due to a 

separate process than count values and should therefore be modeled independently. The ZIP 

model therefore consists of two parts a Poisson count model and a logit model that predicts the 

log odds of excess zeros. The count regression identified factors associated with the increase in 

the total number of sessions attended. While the zero-inflated regression identified factors 

specifically contributing to participants attending zero sessions. Adjusted models controlled for 

the number of sessions participants were eligible to attend. Significance was determined at a 

p<0.05. Missing data from the questionnaires or medical chart review were coded as “missing” 

for data analysis. Data were analyzed using SAS 9.4 (SAS Institute INC, Cary NC). 

Quantitative Results  

Participant sociodemographic, psychosocial and health characteristics are presented in Table 1. 

Participants mean age was 25.3 years (SD=5.42). Participants identified as 40.7% non-Hispanic 

Black, 22.1% Hispanic, 35.8% non-Hispanic White and 1.4% as “other” race or ethnicity. Forty 

percent of participants were married to the father of their baby. The majority of patients were 

born in the US (82.3%) and preferred to speak English (83.1%). Around half of participants had 

an annual household income of below $20,000 (49.8%), had a high school education (53%) and 

were multiparous (55.5%).   

Attendance 
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Participants attended an average of 4.8 sessions (SD=3.54). Based on when participants enrolled 

in the study and date of delivery, participants were eligible to attend an average of 9.52 sessions 

(SD=1.17). Figure 3 displays participants rate of session attendance alongside the proportion of 

sessions participants were eligible to attend. In addition to GPNC sessions, participants attended 

an average of 5.69 IPNC visits (SD=3.83). On average participants attended 10.50 prenatal care 

visits overall (SD=3.45).   

Count Model  

Table 2 summarizes the results of the Poisson model. Following adjustment for session 

eligibility, the sociodemographic characteristics of older age (B[SE]: 0.01[0.00], p<0.05) and 

foreign nationality (B[SE]: 0.11[0.04], p<0.01) were associated with attending more GPNC 

sessions. By contrast, being in a committed dating relationship or engaged rather than married 

(B[SE]: -0.09[0.04], p<0.01), less than a high school education (B[SE]: -0.13[0.04], p<0.01) and 

household income of less than $10,000 (B[SE]: -0.09[0.05], p<0.05) were associated with less 

session attendance. Among psychosocial characteristics, having average prenatal distress 

compared to below average prenatal distress was associated with more session attendance 

(B[SE]: 0.09[0.04], p<0.05). Housing instability (B[SE]: -0.09[0.05], p<0.05), housing issues 

(B[SE]: -0.13[0.05], p<0.01) and life stressors in pregnancy (B[SE]: -0.08[0.04], p<0.05) were 

associated with less session attendance. Two health characteristics were found to be associated 

with less session attendance: GDM (B[SE]: -0.24[0.06], p<0.001) and any cigarette smoking 

during pregnancy (B[SE]: -0.09[0.04], <0.05). The remaining participant characteristics were not 

significantly associated with session attendance in the count model.  

Zero-Inflated Model  
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Table 3 summarizes the results of the logit model. In the adjusted model, older age was 

associated with reduced odds of non-attendance (B[SE]: -0.03[0.01], p<0.05). The psychosocial 

characteristic of average or above average perceived stress were associated with increased odds 

of non-attendance (B[SE]: 0.53[0.23], p<0.05; B[SE] 0.69[0.29], p<0.05).  The remaining 

participant characteristics were not significantly associated with attending no sessions.  

Qualitative Data Analysis  

In qualitative analysis of participant interviews, audio recordings were transcribed verbatim and 

Spanish language interviews were translated into English. A reflexive thematic analysis of 

interviews was conducted following Braun and Clarke’s six phase process of: data 

familiarization, systematic coding, collation of codes and generation of initial themes, review 

and refinement of themes, and production of report.45 This framework was selected as it provides 

a flexible method to identify pattens of meaning across data. An inductive data driven approach 

to analysis was taken. Initially, the first author read transcripts in their entirety, making note of 

initial coding ideas. The first and third author then each independently coded a portion of 

interviews from participants of both prenatal care models (18 interviews: 9 GPNC and 9 IPNC), 

discussing and ensuring consistency of understanding. Following these discussions, the first 

author coded all interviews, collated codes and compared between models of prenatal care. 

Codes were grouped into candidate themes representing patterns of meaning within the data. 

Themes were further refined, and names and definitions generated. Memos documenting 

decision rational were kept throughout the study creating an audit trial which was reviewed by 

the third author.  Transcripts were managed and analyzed using NVivo March 2020 release 

(QSR International Pty Ltd). 
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Qualitative Results 

Thirty-one participants were interviewed, 10 attending GPNC and 21 IPNC (Table 4). 

Participants were interviewed between 1 and 6 times, resulting in 79 interviews overall: 30 

GPNC and 49 IPNC. On average, interviews with IPNC participants were shorter than those with 

patients attending GPNC, average durations of 5 and 13 minutes respectively. Interviews took 

place primarily in the second and third trimester. The interviews of two participants were 

conducted in Spanish and all others were conducted in English. Support persons were present at 

20 interviews, 6 GPNC and 14 IPNC.  

The mean age of participants was 26.5 years (Table 5). Ten participants identified as non-

Hispanic Black, 9 Hispanic and 12 non-Hispanic white. Most participants had a high school 

education, an annual income of less than $20,000 and were multiparous/primiparous. Nine 

participants were married, 7 in a committed dating relationship or engaged and 13 were single or 

not in a committed relationship. Within their assigned model of care, GPNC participants on 

average attended 6.0 sessions and IPNC participants attended 10.7 visits (Table 6). GPNC 

participants attended an average of 4.5 individual care visits for a total of 11.0 visits/sessions. On 

average GPNC participants received more than half of their prenatal care in GPNC. IPNC 

participants did not attend any GPNC sessions, therefore average total PNC visits/sessions was 

equal to mean individual care visits. The majority of participants in both care models received 

adequate or greater than adequate care. 

Themes 

Five themes related to pregnant persons’ experience in prenatal care were identified when 

comparing the interviews of patients receiving IPNC to those receiving GPNC. These themes 

included 1) monitoring of fetal wellbeing, 2) the patient-provider relationship, 3) engagement 
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and education, 4) trust in and support from peers and 5) involvement of support persons (Figure 

3). The contents of themes varied between prenatal care models, converging, and diverging. Four 

of the five themes were present among both models of prenatal care, whereas “trust in and 

support of peers” was present only among patients receiving GPNC.  

Monitoring of fetal wellbeing 

Patients in both care models were unified in their prioritization of fetal monitoring as the most 

important aspect of the prenatal care visit. Pregnant patients looked forward to hearing the 

fetus’s heartbeat at each visit, as it reassured them of the fetus’s wellbeing and offered tangible 

evidence of the pregnancy in early pregnancy. One woman summarized this sentiment stating, 

“It is the only thing we want to know that the baby is well.” (GPNC, second trimester) Another 

patient stated “She [the provider] comes in and examines everything…it just makes me feel like 

the baby is okay and I am okay.” (IPNC, second trimester) When providers were unable to locate 

the fetus’s heart tones quickly, it caused some pregnant persons to worry. Pregnant persons were 

excited to share the experience of listening to the fetus’s heart tones with partners and older 

children. 

Patient-provider relationship 

The majority of pregnant persons in both care models expressed trust in their provider, in the 

information shared, as well as that disclosures would be accepted and confidential. Pregnant 

patients attributed the trust they felt in their provider to positive patient-provider interactions, 

stressing the significance of their providers demeanor. Pregnant patients valued displays of 

warmth, friendliness, humor and caring from their provider. Caring was demonstrated through 

invitations for pregnant patients to share their concerns, addressing patient concerns thoroughly 

and simple acts such as offering the patient a snack. Many pregnant patients voiced a preference 
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to receive care from familiar providers, whom they had history either build over previous visits 

or in a previous pregnancy. Pregnant patients voiced feeling as if familiar providers knew them 

and had a better understanding of their pregnancy. Pregnant patients valued when their provider 

followed up on discussions from a previous visit or referred to personal details. One woman 

stated, “It is not like you are just another patient it is like she remembers you.” (IPNC, third 

trimester) Among the interview sample, pregnant patients receiving IPNC were more likely to be 

exposed to multiple providers over the course of care. Pregnant patients seeing unfamiliar 

providers described needing to relay their history and re-explain any issue they were 

experiencing at each visit. One woman voiced her dissatisfaction stating, “With my other kids, I 

only had one doctor and I did not have to tell my whole history over and over and over. They 

knew exactly what to do and what to look for. It is more comfortable than having a stranger just 

come in and ask you the same questions and touch you and probe.” (IPNC, third trimester) While 

some pregnant patients were displeased to receive care from multiple providers, others saw it as 

an opportunity to increase the likelihood they would know their delivering provider.  

While a majority of pregnant persons spoke highly of their providers, a minority of 

pregnant persons in both care models described situations where their provider was rude or 

dismissive of their concerns. These situations damaged the patient’s trust in their provider as 

well as their satisfaction with care. In GPNC, pregnant patients were able to observe the 

providers navigation of confidentiality between one-on-one and group discussion. Pregnant 

patients described instances where respect for this boundary increased or decreased trust in their 

provider. One woman remarked, “If you have your one-on-one time with her and you share 

something with her, she will not just bring it up in group. If it is something that she feels should 

be shared with the group, she would definitely ask if you are okay with sharing it.” (GPNC, 
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second trimester) Whereas a support person recalled how the manner in which the provider 

spoke about a patient’s weight in the group resembled gossiping stating, “That is how rumor and 

gossip spreads!” (Support Person, GPNC, second trimester) 

Engagement and education 

Pregnant persons’ descriptions of IPNC centered around question and response interactions with 

providers. A majority of IPNC patients reported satisfaction with the informational support 

offered, feeling that their concerns were adequately addressed through the providers response to 

their questions. Many pregnant patients described their provider as inviting questions at the start 

of each visit. One woman in IPNC reported, “I pretty much asked her what I needed to find out 

from her.” (IPNC, third trimester) The amount of informational support supplied appeared to 

vary with the quantity questions or concerns raised by the patient, as well as pregnancy 

complications experienced. Several patients in IPNC reported they did not have any questions for 

their provider. While some patients in IPNC reported their provider covered “everything”, a few 

reported receiving little information during their visit. One woman stated, “We really don’t talk 

about anything. They just check me and then say okay”. (IPNC, third trimester) Pregnant persons 

in GPNC reported a similar question and response exchange with providers during one-on-one 

time. While not reported by GPNC patients, a woman receiving IPNC who attended GPNC for a 

previous pregnancy, recalled feeling like she did not have enough time to ask her questions 

during her one-on-one time with the provider. 

In addition to one-on-one question and response, several pregnant persons in GPNC 

remarked upon the benefits of hearing provider responses to the questions asked by peers, as well 

as the stories and advice shared by group members, particularly those who gave birth previously. 

Information shared by peers included symptom remedies, contraception side effects, product 
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recommendations and advice on caring for the infant following birth. One patient described the 

advice offered by peers stating, “They have experiences of how to care for a baby, what to take 

to the hospital on the day of labor and all those things.” (GPNC, third trimester) The activities 

and videos utilized by providers to introduce prenatal education topics were described by most 

patients in GPNC to be fun and interesting. Additionally, the majority of pregnant patients found 

self-assessment to be easy and automatic following the initial session. A few patients in GPNC 

noted the skills they learned by participating in self-assessment activities. One woman remarked, 

“If you know how to do it here, you know how to do it at home. If you have the device, you can 

do it at home too.” (GPNC, second trimester)  

Parity was embedded within pregnant patients’ discussion of satisfaction with 

informational support provided. Nulliparous patients commonly reported a higher need for 

informational support. While some multiparous patients viewed their informational needs to have 

lessened over subsequent pregnancies, others reported a sustained need for prenatal education, 

particularly in cases where significant time had lapsed. One woman in IPNC who attended 

GPNC for her first pregnancy noted, that while she valued the education GPNC provided, she no 

longer required that level of informational support. Though the information delivered in GPNC 

was described by a number of patients to be most helpful for first-time moms, multiparous 

patients also reported gaining novel information. One multiparous woman stated, “The topics are 

the same as the last time we did centering. It is the same, except the questions from the others in 

the group make it different from the last time.” (GPNC, second trimester)  

Trust in and support from peers  

Nearly all GPNC patients reported trusting group members, feeling they could share openly, 

without embarrassment or judgement. Pregnant persons described being able to “throw it all out 
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there” confident that they would receive a positive response from peers. One woman stated, 

“When someone tells a story everyone is interested in giving feedback and nothing was 

negative… even if they did think something else, they only said the positive stuff.” (GPNC, 

second trimester) Pregnant patients described trust in group members as more challenging in the 

beginning and developing over the time spent together. Several pregnant patients identified the 

active participation of group members as essential for trust to build. One woman stated, “I think 

once someone tells their personal story it kind of makes it easier for someone else to do that too.” 

(GPNC, third trimester) A few patients identified providers discussions of confidentiality at the 

initial session, as well as continued reminders to support the development of group trust. The 

majority of pregnant patients believed group members would maintain their privacy, or that if 

details were shared, they would not connect back to the patient. While many GPNC patients 

reported high trust, one woman reported she would not confide in all group members and a 

woman receiving IPNC who attended GPNC for a past pregnancy recalled reserving personal 

questions such as those about intercourse for one-on-one time with the provider.  

Many pregnant patients in GPNC reported bonding with their group. Groups were 

described to show interest in each other’s lives, catching up at each session. One woman 

commented, “It is nice to have some time to talk with other women. We are going through 

pregnancy together and everyone seems to be genuinely interested in how our weeks are going 

outside of pregnancy. It is a nice support system.” (GPNC, third trimester) Many pregnant 

patients expressed that hearing the experiences and emotions of peers that were similar to their 

own let them know they were not alone, a sentiment which was particularly meaningful for 

participants who previously underwent a traumatic pregnancy experience. A patient whose 

previous pregnancy ended in a miscarriage noted, “When it happens you think it only happens to 
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you but there are lots of people that it has happened to.” (GPNC, second trimester) Several 

pregnant persons noted that similarities with peers enhanced the formation of connections. One 

patient stated, “Seeing that we are all going to be going through the same thing it has caused 

more of us to be more trustworthy of each other.” (GPNC, second trimester) 

Involvement of support persons  

Pregnant patients in both care models described varying levels of participation from their partner, 

ranging from sitting quietly to asking many questions. Several patients reported having their 

partner in attendance was beneficial, as they asked additional questions, assisted them in 

remembering recommendations and it improved their partners understanding of what was going 

on in pregnancy. Describing his involvement, one support person commented, “We talk back and 

forth. We get information on the best way to help her and in previous visits she [the provider] 

informed me what was going on with her and that helped me a lot.” (Support person, IPNC, third 

trimester) Some patients in IPNC reported their provider included their partner in the visit by 

directing questions to their partner, inviting questions from their partner and by laughing and 

joking with their partner. Pregnant patients in GPNC noted benefits and challenges to support 

person involvement in a group setting. One woman described her partner as initially hesitant to 

attend sessions for fear that he would be the only male. A few partners commented on the 

benefits of hearing other fathers share questions and concerns. One woman’s partner stated, “I 

mean people saying they are nervous… that helps other people open up more.” (Support person, 

GPNC, second trimester) 

Integration 

Combining quantitative and qualitative results provides an enhanced understanding of which 

patients attend GPNC and why (Figure 4). Patient characteristics associated with patterns of 
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attendance (eg. age, relationship status, education, income, prenatal distress, perceived stress, 

housing instability, housing issues, life stressors, GDM and smoking) may represent a match 

between the care experience offered in GPNC and care needs. Interviews illustrate alternative 

opportunities for learning, engagement and peer connection offered in GPNC. Though GPNC 

patients generally presented as satisfied, potential threats to care satisfaction arose including how 

the provider navigated patient confidentiality between one-on-one and group discussion and in 

the need to make partners feel comfortable joining the group. The observed relationships 

between patient characteristics and session attendance could also illustrate characteristics 

association with barriers to session attendance. These barriers may relate to the real or perceived 

structural and process elements of GPNC or could represent overarching access barriers.   

Discussion 

The present study applied a concurrent mixed methods approach in the investigation of for what 

patients GPNC is a good fit. We addressed this question by examining patient characteristics 

associated with GPNC session attendance, as well as exploring how patient experiences in 

GPNC differed from those in GPNC. Our findings suggest session attendance is associated with 

a diverse array of sociodemographic, psychosocial, health and health behavior characteristics. 

The observed associations are largely consistent with a hypothesis that pregnant persons of 

greater disadvantage attend fewer GPNC sessions, though some associations contradict what 

might be expected.  

Our finding that greater education, foreign nativity is associated with increased GPNC 

participation is consistent with previous research.27,28 While foreign born pregnant persons are 

typically more disadvantaged, it is theorized that the social support offered in GPNC may be 

particularly attractive to these pregnant persons or that GPNC may be consistent with the more 
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collectivist cultures in which they were born. Pregnant persons in committed relationship vs. 

married, with an annual income of $10, 000 or less, with unstable housing and housing issues 

and those experiencing more life stressors (ex. job loss, recent death of loved one) attended 

fewer GPNC sessions. Hardship in pregnant persons’ lives might prevent them from attending 

GPNC sessions. Barriers associated with these characteristics may not be unique to GPNC. 

Financial and material constraints such as unemployment, poor or insecure housing and having 

multiple moves during pregnancy have also been linked to poor utilization of standard IPNC as 

well.46 By contrast, our finding that being diagnosed with GDM is associated with decreased 

attendance is not consistent with the IPNC literature in which high medical risk is often 

associated with greater than adequate IPNC.44 Patients with GDM may experience unique 

barriers to attending GPNC, such as interference with additional testing or GDM education, a 

lack of GDM specific content or could reflect provider perceptions that GDM can be better 

monitored in IPNC.  

In some cases, our findings contradicted those of previous studies. For instance, while we 

found older age to be associated with elevated session attendance, a previous study found 

younger adolescents (16 or younger) were more likely to be interested in GPNC participation.25 

This discrepancy might be explained by our measurement of actual attendance vs. interest or to 

the wider age range included in our study. In a previous study, pregnant patients with higher 

stress showed greater interest in GPNC.26 Our findings related to stress, are somewhat 

conflicting. While average vs. below average prenatal distress was associated with greater 

attendance, pregnant persons with average and above average perceived stress were more likely 

not to attend a single session. This suggests pregnant persons may be more likely to attend 

GPNC if they feel some worry about common pregnancy concerns yet be less likely to try GPNC 
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when experiencing stress in several life situations. Lastly, while one study found pregnant 

persons who stopped smoking at intake were less likely to be interested in GPNC, we find 

smoking during pregnancy is associated with reduced session attendance.26 This finding is 

consistent with a hypothesis that pregnant persons who smoke during pregnancy may experience 

stigma in the group environment. Additionally, this characteristic might represent wider 

engagement in poor health behavior and reduced motivation for change.  

Only two studies of GPNC are known to have included a qualitative comparison group in 

the examination of pregnant patients’ experience in GPNC.47,48 Consistent with our findings 

related to enhanced opportunities for education and engagement, GPNC was found to function 

similarly to IPNC on several domains yet offered more and different benefits for education and 

preparation, through guided discussion of curriculum, open question and answer time with the 

group and the opportunity to hear from peers.47 In keeping with our theme of “trust in and 

support from the group”, a comparison of GPNC to IPNC in a miliary setting found GPNC care 

offered patients a sense of community and that hearing the stories of other patients that were 

similar to their own helped pregnant persons feel that they were not alone in the pregnancy 

experience.48 Privacy and confidentiality concerns in the group setting have also been identified 

previously.47  

Strengths  

The present study has several strengths. First, is the utilization of a mixed methods design that 

combines the strengths of quantitative and qualitative data collection.32 Second, the study sample 

was relatively large and racially diverse subset of RCT participants from a practice with an 

established GPNC program. Third, a broad range of sociodemographic, psychosocial and health 

factors were measured using validated instruments, and patients’ attendance was abstracted via 
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medical chart review. Finally, qualitative analysis utilized a qualitative comparison group, which 

is rare in health research. Inclusion of a comparison group allowed for informed conclusions to 

be made about the similarly and differences between care models, enhancing study rigor.49 

Limitations  

However, the study also had limitations. First, the quantitative analysis is descriptive in nature 

and findings may not represent a causal relationship. Second, the RCT sample was largely low-

income pregnant persons from a single practice, findings may not be generalizable to other 

populations. Third, there is missing data on several survey measures, particularly those measured 

in the third trimester. Non-completion of the second survey is likely associated with poor clinic 

attendance. Missing data was coded as “missing”, and analysis restricted to individuals with 

complete data (complete case). Lastly, qualitative interviews were conducted as part of a 

feasibility assessment and likely oversample pregnant persons adhering to assigned care at the 

time of interview. This may have resulted in more favorable impression of the prenatal care 

model presented. Pregnant persons may also not have felt comfortable presenting critiques of 

their care, despite relationships formed over serial interview. 

Implications  

Despite these limitations, the current study offers insight for patient recruitment and retention in 

GPNC, as well as possible modifications to the model. GPNC can only achieve an effect to the 

extent it is attended. Our findings suggest some pregnant persons may be less likely to receive 

the necessary treatment “dose”. The Michigan Plan for Appropriate Tailored Healthcare in 

pregnancy an expert review of prenatal care delivery, recommends that services should be 

tailored to the medical and social determinants of health needs of the patient, directed by risk 

assessment occurring upon entry to care.50 Such as risk assessment could identify patients at 
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elevated risk of poor GPNC attendance and targeted supports provided. Modifications to the 

GPNC model that could further facilitate session attendance should be considered, such as 

coordination of additional medical monitoring with group for patients diagnosed with GDM.  

This study adds to literature that can inform shared decision-making between providers 

and patients, wherein benefits, barriers and value match of prenatal care selection is discussed.51 

Further research examining why identified groups attend fewer sessions and what supports, or 

model alterations patients desire. Research should also investigate if and how these barriers 

differ from those of attending standard individual care. It may be the case that different care 

models are already better tailored to the needs of certain pregnant persons.   

Our study measured session attendance. In many cases, this measure does not equate to 

overall prenatal care attendance. Patients assigned to GPNC were able to switch to IPNC at any 

time, as well as to seek additional IPNC visits as needed or desired while attending GPNC, such 

as for a make-up visit if they missed their GPNC session. This is reflected by the average 

attendance at 5.7 IPNC visits among patients assigned to GPNC, resulting in a majority of GPNC 

patients receiving mixed care. Results presented therefore do not necessarily reflect predictors of 

adequacy of prenatal care. However as noted some results do align with general adequacy of 

prenatal care literature. Future research is needed to clarify this relationship.  

Conclusion   

Access to quality prenatal care is one avenue through which perinatal health is promoted. GPNC 

may represent a good fit for some but not all patients. Our study suggests patient 

sociodemographic, psychosocial, and health characteristics are associated with differential rates 

of GPNC attendance. Differential attendance may result from the match between patient needs 

and the elements of GPNC including additional opportunities to learn, engage and receive social 
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support, as well as from barriers these patients encounter in attending GPNC. Enhanced 

knowledge of characteristics associated with attendance alongside the patient experience in 

GPNC, can inform model adaptation as well as recruitment and facilitate joint decision making 

in the selection of prenatal care  
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Tables and Figures  

 
Figure 5.1 Essential elements of effective CenteringPregnancy and discussion topics  

Thirteen essential elements  

14. Health assessment occurs within the group space. 

15. Women are involved in self-care activities. 

16. A facilitative leadership style is used. 

17. Each session has an overall plan.  

18. Attention is given to the core content; emphasis may vary. 

19. There is stability of group leadership. 

20. Group conduct honors the contribution of each member. 

21. The group is conducted in a circle. 

22. Group composition is stable, but not rigid. 

23. Group size is optimal to promote the process. 

24. Involvement of family support people is optional. 

25. Opportunity for socialization within the group is provided. 

26. There is ongoing evaluation of outcomes. 

Non-exclusive list of CenteringPregnancy discussion topics 

• Body changes during pregnancy 

• Food and other things to avoid while pregnant (e.g. smoking, alcohol and drug use) 

• Nutrition, exercise, and oral health 

• Fetal development 

• Stress management and relaxation 

• Intimate partner violence and abuse  

• Family adjustment and preparing siblings for baby 

• Preterm labor  

• Signs of early labor  

• Labor planning, decisions and coping with labor pain  

• Infant feeding  

• Family planning and safe sex 

• Parenting, bonding with baby, soothing and providing comfort  

• Developmental milestones and newborn safety 

• Perinatal mood disorders 

 
Figure 5.2 Abbreviated semi-structured interview guide questions  

Individual Prenatal Care Group Prenatal Care 

What were people doing while waiting for your 

appointment? 

What were people doing in the circle while waiting 

before or after their MAT time? 

 

What was the most meaningful or important part of 

your appointment for you? 

What about this session helped you with participating 

in your own assessment? What about this session made 

participating in your own assessment hard? 

 

What does your provider do to engage you in your 

prenatal care? 

How was your one-on-one time with the provider 

during MAT time? 

 

What information or advice did your provider share 

with you? 

What did the facilitator or participants do that 

encouraged participation/talking? What was done that 

discouraged participation/talking? 

 

Did anyone attend your appointment with you? How 

did your provider involve them during your visit? 

 

What ways were people sharing within the group? 
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How would you describe the level of trust between you 

and your provider? 

Were group members helping each other? 

 

 How would you describe the level of trust in the group 

session? 

 
Table 5.1 Characteristics of patients assigned to group prenatal care   

Participant Characteristics (n=1068) n (%) 

Sociodemographic Characteristics   

Age (Mean ± SD) 25.25 ± 5.42 

Race and Ethnicity  

 Non-Hispanic Black 435 (40.73%) 

 Hispanic 236 (22.10%) 

 Non-Hispanic White  382 (35.77%) 

 “other” race  15 (1.40%) 

Nativity  

 Born in the US 878 (82.21%) 

 Born outside the US  181 (16.95%) 

 Missing  9 (0.84%) 

Language  

 English  887 (83.05%) 

 Spanish  164 (15.36%) 

 Missing  17 (1.59%) 

Relationship Status  

 Married 448 (41.95%) 

 In a committed dating relationship or engaged  212 (19.85%) 

 Single or Other  225 (21.07%) 

 Missing  183 (17.13%) 

Educational Attainment  

 Less than high school 255 (23.88%) 

 High school 566 (53.00%) 

 Above High school  207 (19.38%) 

 Missing  40 (3.75%) 

Household Income  

 <10,000 222 (20.79%) 

 10,000-19,999 310 (29.03%) 

 ≥20,000 190 (17.79%) 

 Missing  346 (32.40%) 

Enrolled in School   

 Yes   241 (22.57%) 

 No  755 (70.69%) 

 Missing  72 (6.74%) 

Employment   

 Working full time  345 (32.30%) 

 Working part time  189 (17.70%) 

 Unemployed 459 (42.98%) 

 Missing  75 (7.02%) 

Health Insurance   

 Had in the past year  513 (48.03%) 

 Did not have in the past year  434 (40.64%) 

 Missing  121 (11.33%) 

Parity  

 Nulliparous  475 (44.48%) 

 Primiparous/Multiparous  593 (55.52%) 

Pregnancy Intension  

 Unintended 352 (32.96%) 

 Intended 678 (63.48%) 
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 Missing  38 (3.56%) 

Feelings about Pregnancy  

 Happy 630 (58.99%) 

 Unhappy 103 (9.64%) 

 Not sure of feelings  323 (30.24%) 

 Missing  12 (1.12%) 

Psychosocial Characteristics   

Symptoms of Depression (CES-D)  

 Not of clinical concern (<12) 683 (63.95%) 

 Of clinical concern (≥ 12) 294 (27.53%) 

 Missing  91 (8.52%) 

Pregnancy-Specific Anxiety  

 Below average  195 (18.26%) 

 Average  703 (65.82%) 

 Above average  148 (13.86%) 

 Missing  22 (2.06%) 

Prenatal Distress (NUPDQ)  

 Below average  161 (15.07%) 

 Average  673 (63.01%) 

 Above average  163 (15.26%) 

 Missing  71 (6.65%) 

Perceived Stress (PSS)  

 Below average  172 (16.10%) 

 Average  728 (68.16%) 

 Above average  125 (11.70%) 

 Missing  43 (4.03%) 

Perceived Neighborhood Safety  

 Below average  166 (15.54%) 

 Average  529 (49.53%) 

 Above average  245 (22.94%) 

 Missing  128 (11.99%) 

Housing Instability a  

 <2 moves during pregnancy  770 (72.10%) 

  ≥2 moves during pregnancy  118 (11.05%) 

 Missing  180 (16.85%) 

Housing issues During Pregnancy a  

 <2 housing issues 810 (75.84%) 

  ≥2 housing issues 109 (10.21%) 

 Missing  149 (13.95%) 

Food Insecurity   

 Secure 588 (55.06%) 

 Marginally secure 152 (14.23%) 

 Insecure  237 (22.19%) 

 Missing  91 (8.52%) 

Number of Life Stressors in Pregnancy a   

 <2 life stressors  674 (63.11%) 

 ≥2 life stressors  244 (22.85%) 

 Missing  150 (14.04%) 

Everyday Discrimination Scale (Mean ± SD) 1.37 ± 0.52 

 Missing 28 (2.62%) 

Discrimination in Prenatal Care a  

 Did not perceive discrimination  824 (77.15%) 

 Perceived discrimination 97 (9.08%) 

 Missing  147 (13.76%) 

Family Support During Pregnancy  

 Lower support (mean score of <4) 173 (16.20%) 
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 Higher support (mean score of ≥ 4) 699 (65.45%) 

 Missing  196 (18.35%) 

Baby Fathers Support During Pregnancy a  

 Lower support (mean score of <3) 321 (30.06%) 

 Higher support (mean score of ≥ 3) 565 (52.90%) 

 Missing  182 (17.04%) 

Health and Health Behavior   

Body Mass Index (BMI) at Initial Visit  

 Underweight 38 (3.56%) 

 Healthy 336 (31.46%) 

 Overweight  262 (24.53%) 

 Obese  432 (40.45%) 

Gestational Diabetes Diagnosis  

 No 990 (92.70%) 

 Yes 78 (7.30%) 

Chronic Hypertension Diagnosis  

 No 953 (89.23%) 

 Yes 115 (10.77%) 

Gestational Hypertension Diagnosis  

 No 893 (83.61%) 

 Yes 175 (16.39%) 

Cigarette Smoking during pregnancy   

 None  691 (64.70%) 

 Smoked in 3 moths prior but quit 174 (16.29%) 

 Any  168 (15.73%) 

 Missing  35 (3.28%) 

Alcohol Use during pregnancy   

 None 991 (92.79%) 

 Any 45 (4.21%) 

 Missing  32 (3.00%) 

Marijuana Use during pregnancy   

 None 984 (92.13%) 

 Any 50 (4.68%) 

 Missing  34 (3.18%) 

Number of Ultrasounds received  

 <3 ultrasounds 386 (36.14%) 

  ≥3 ultrasounds  682 (65.86%) 

Number of Auxiliary services received a  

 No auxiliary service   356 (33.33%) 

 ≥1 auxiliary service 612 (57.30%) 

 Missing  100 (9.36%) 
a Measured in third trimester  

Abbreviations: SD, Standard deviation; BMI, body mass index;   
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Table 5.2 Count Model: Likelihood of Group Prenatal Care Session Attendance 

 Crude Adjusted b  

Participant Characteristics Beta (SE) P value  Beta (SE) P value  

Sociodemographic Characteristics      

Age  0.00 (0.00) 0.0632 0.01 (0.00) 0.0310 

Race and Ethnicity     

 Non-Hispanic Black 0.04 (0.03 0.2584 0.04 (0.03) 0.2116 

 Hispanic 0.05 (0.04) 0.1464 0.06 (0.04) 0.0835 

 Non-Hispanic White  ref  ref  

 “other” race  0.19 (0.11) 0.0940 0.17 (0.11) 0.1387 

Nativity     

 Born in the US ref  ref  

 Born outside the US  0.10 (0.04) 0.0029 0.11 (0.04) 0.0022 

Language     

 English  ref  ref  

 Spanish  0.04 (0.04) 0.2668 0.05 (0.04) 0.2255 

Relationship Status     

 Married ref  ref  

 In a committed dating relationship or 

engaged  

-0.10 (0.04) 0.0041 -0.09 (0.04) 0.0064 

 Single or Other  -0.05 (0.04) 0.2337 -0.04 (0.04) 0.3212 

Educational Attainment     

 Less than high school -0.13 (0.04) 0.0027 -0.13 (0.04) 0.0024 

 High school -0.02 (0.04) 0.5077 -0.03 (0.04) 0.3706 

 Above High school  ref  ref  

Household Income     

 <10,000 -0.09 (0.05) 0.0488 -0.09 (0.05) 0.0354 

 10,000-19,999 -0.7 (0.04) 0.1015 -0.06 (0.04) 0.1698 

 ≥20,000 ref  ref  

Enrolled in School      

 Yes   ref  ref  
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 No  0.04 (0.03) 0.2442 0.05 (0.03) 0.1737 

Employment      

 Working full time  ref  ref  

 Working part time  0.00 (0.04) 0.9322 0.01 (0.04) 0.8302 

 Unemployed -0.07 (0.03) 0.0265 -0.06 (0.03) 0.0858 

Health Insurance      

 Had in the past year  ref  ref  

 Did not have in the past year  -0.02 (0.03) 0.4430 -0.02 (0.03) 0.5251 

Parity     

 Nulliparous  ref  ref  

 Primiparous/Multiparous  0.03 (0.03) 0.2267 0.04 (0.03) 0.2131 

Pregnancy Intension     

 Unintended 0.00 (0.03) 0.9738 -0.00 (0.03) 0.9239 

 Intended ref  ref  

Feelings about Pregnancy     

 Happy ref  ref  

 Unhappy 0.02 (0.05) 0.6473 0.01 (0.05) 0.8638 

 Not sure of feelings  0.09 (0.05) 0.1145 0.06 (0.05) 0.2299 

Psychosocial Characteristics      

Symptoms of Depression (CES-D)     

 Not of clinical concern  ref  ref  

 Of clinical concern -0.07 (0.03) 0.0303 -0.06 (0.03) 0.0610 

Pregnancy-Specific Anxiety     

 Below average  ref  ref  

 Average  0.02 (0.04) 0.5918 0.02 (0.04) 0.5896 

 Above average  0.02 (0.05) 0.6423 0.02 (0.05) 0.6774 

Prenatal Distress (NUPDQ)     

 Below average  ref  ref  

 Average  0.09 (0.04) 0.0374 0.09 (0.04) 0.0255 

 Above average  0.04 (0.05) 0.4004 0.06 (0.05) 0.2938 

Perceived Stress (PSS)     

 Below average  ref  ref  

 Average  -0.01 (0.04) 0.8277 -0.00 (0.04) 0.9439 

 Above average  -0.06 (0.05) 0.2969 -0.07 (0.05) 0.2305 

Perceived Neighborhood Safety     

 Below average  0.04 (0.05) 0.3995 0.05 (0.05) 0.2711 

 Average  0.04 (0.04) 0.2814 0.06 (0.04) 0.1246 

 Above average  ref  ref  

Housing Instability     

 <2 moves during pregnancy  ref  ref  

  ≥2 moves during pregnancy  -0.11 (0.04) 0.0177 -0.09 (0.05) 0.0339 

Housing Issues During Pregnancy     

 <2 housing issues ref  ref  

  ≥2 housing issues -0.14 (0.05) 0.0027 -0.13 (0.05) 0.0076 

Food Security      

 Secure ref  ref  

 Marginally secure 0.05 (0.04) 0.2390 0.04 (0.04) 0.3340 

 Insecure  -0.05 (0.04) 0.1631 -0.03 (0.04) 0.3504 

Number of Life Stressors in Pregnancy     

 <2 life stressors  ref  ref  

 ≥2 life stressors  -0.09 (0.03) 0.0090 -0.08 (0.04) 0.0178 

Everyday Discrimination Scale -0.02 (0.03) 0.5122 -0.02 (0.03) 0.5430 

     

Discrimination in Prenatal Care     

 Did not perceive discrimination  ref  ref  

 Perceived discrimination -0.05 (0.05) 0.3247 -0.03 (0.05) 0.5436 
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Family Support During Pregnancy     

 Lower support  -0.03 (0.04) 0.4325 -0.03 (0.04) 0.5260 

 Higher support ref  ref  

Baby Fathers Support During Pregnancy     

 Lower support  -0.00 (0.03) 0.8436 -0.00 (0.03) 0.9647 

 Higher support ref  ref  

Health and Health Behavior      

Body Mass Index (BMI) at initial visit     

 Underweight 0.02 (0.08) 0.7840 0.02 (0.08) 0.8219 

 Healthy ref  ref  

 Overweight  -0.01 (0.04) 0.7382 -0.02 (0.03) 0.5507 

 Obese  -0.02 (0.03) 0.5206 -0.03 (0.03) 0.4278 

Gestational diabetes      

 No ref  ref  

 Yes -0.25 (0.06) <.0001 -0.24 (0.06) 0.0001 

Chronic hypertension     

 No ref  ref  

 Yes -0.12 (0.05) 0.0171 -0.08 (0.05) 0.0930 

Gestational hypertension      

 No ref  ref  

 Yes 0.04 (0.04) 0.2585 0.04 (0.04) 0.3009 

Cigarette smoking during pregnancy      

 None  ref  ref  

 Smoked in 3 months prior but quit -0.02 (0.04) 0.5972 -0.02 (0.04) 0.5813 

 Any  -0.10 (0.04) 0.0154 -0.09 (0.04) 0.0376 

Alcohol use during pregnancy      

 None ref  ref  

 Any -0.06 (0.07) 0.3741 -0.10 (0.07) 0.1511 

Marijuana use during pregnancy      

 None ref  ref  

 Any -0.10 (0.07) 0.1387 -0.10 (0.07) 0.1476 

Number of ultrasounds received     

 <3 ultrasounds ref  ref  

  ≥3 ultrasounds  -0.02 (0.03) 0.5900 -0.02 (0.03) 0.5892 

Number of auxiliary services received     

 No auxiliary service   ref  ref  

 ≥1 auxiliary service 0.05 (0.03) 0.0897 0.03 (0.03) 0.2776 
b Adjusted for CenteringPregnancy session eligibility 

Bolding indicates significance p values <0.05 

Abbreviations: SD- Standard Deviation, SE- Standard Error  

 
Table 5.3 Zero Inflated Model: Likelihood of Attending Zero Sessions  

 Crude Adjusted b 

Patient Characteristics Beta (SE) P Value Beta (SE) P Value 

Sociodemographic Characteristics      

Age  -0.03 (0.01) 0.0312 -0.03 (0.01) 0.0298 

Race and Ethnicity     

 Non-Hispanic Black -0.01 (0.16) 0.9296 -0.02 (0.16) 0.9007 

 Hispanic -0.41 (0.21) 0.0481 -0.39 (0.21) 0.0546 

 Non-Hispanic White  ref  ref  

 “other” race  0.09 (0.59) 0.8844 0.09 (0.59) 0.8725 

Nativity     

 Born in the US ref  ref  

 Born outside the US  -0.38 (0.21) 0.0659 -0.37 (0.21) 0.0762 

Language     
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 English  ref  ref  

 Spanish  -0.28 (0.21) 0.1942 -0.26 (0.21) 0.2154 

Relationship Status     

 Married ref  ref  

 In a committed dating relationship or 

engaged  

0.13 (0.22) 0.3586 0.13 (0.22) 0.5656 

 Single or Other  0.23 (0.25) 0.5512 0.22 (0.24) 0.3648 

Educational Attainment     

 Less than high school 0.35 (0.23) 0.1248 0.35 (0.23) 0.1299 

 High school 0.29 (0.20) 0.1416 0.29 (0.20) 0.1450 

 Above High school  ref  ref  

Household Income     

 <10,000 0.19 (0.23) 0.4079 0.19 (0.24) 0.3993 

 10,000-19,999 -0.11 (0.23) 0.6245 -0.11 (0.23) 0.6267 

 ≥20,000 ref  ref  

Enrolled in School      

 Yes   ref  ref  

 No  -0.13 (0.17) 0.4524 -0.11 (0.18) 0.5344 

Employment      

 Working full time  ref  ref  

 Working part time  -0.39 (0.23) 0.0918 -0.38 (0.23) 0.0971 

 Unemployed 0.07 (0.17) 0.6755 0.07 (0.17) 0.6896 

Health Insurance      

 Had in the past year  ref  ref  

 Did not have in the past year  -0.08 (0.15) 0.5894 -0.08 (0.15) 0.6139 

Parity     

 Nulliparous  0.03 (0.03) 0.2267 -0.20 (0.15) 0.1632 

 Primiparous/Multiparous  ref  ref  

Pregnancy Intension     

 Unintended 0.07 (0.16) 0.6736 0.06 (0.16) 0.6860 

 Intended ref  ref  

Feelings about Pregnancy     

 Happy ref  ref  

 Unhappy -0.33 (0.24) 0.1756 -0.31 (0.24) 0.2021 

 Not sure of feelings  -0.15 (0.26) 0.5445 -0.14 (0.26) 0.5902 

Psychosocial Characteristics      

Symptoms of Depression (CES-D)     

 Not of clinical concern  ref  ref  

 Of clinical concern 0.29 (0.16) 0.0745 0.28 (0.16) 0.0822 

Pregnancy-Specific Anxiety     

 Below average  ref  ref  

 Average  0.06 (0.19) 0.7660 0.06 (0.19) 0.7693 

 Above average  0.34 (0.25) 0.1783 0.34 (0.25) 0.1782 

Prenatal Distress (NUPDQ)     

 Below average  ref  ref  

 Average  -0.02 (0.21) 0.9286 -0.01 (0.21) 0.9480 

 Above average  0.09 (0.26) 0.7372 0.09 (0.26) 0.7333 

Perceived Stress (PSS)     

 Below average  ref  ref  

 Average  0.51 (0.23) 0.0231 0.53 (0.23) 0.0208 

 Above average  0.69 (0.29) 0.0163 0.69 (0.29) 0.0195 

Perceived Neighborhood Safety     

 Below average  0.31 (0.23) 0.1717 0.33 (0.23) 0.1554 

 Average  -0.12 (0.18) 0.5128 -0.10 (0.19) 0.5807 

 Above average  ref  ref  

Housing Moves During Pregnancy     
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 <2 moves  ref  ref  

  ≥2 moves  0.08 (0.25) 0.7517 0.06 (0.26) 0.8063 

Housing Issues During Pregnancy     

 <2 housing issues ref  ref  

  ≥2 housing issues  0.28 (0.25) 0.2590 0.27 (0.25) 0.2730 

Food Security      

 Secure ref  ref  

 Marginally secure -0.11 (0.23) 0.6238 -0.11 (0.23) 0.6437 

 Insecure  0.34 (0.18) 0.0539 0.35 (0.18) 0.0499 

Number of Life Stressors in Pregnancy     

 <2 life stressors  ref  ref  

 ≥2 life stressors  0.29 (0.19) 0.1194 0.29 (0.19) 0.1215 

Everyday Discrimination Scale 0.19 (0.14) 0.1744 018 (0.14) 0.2000 

     

Discrimination in Prenatal Care     

 Did not perceive discrimination  ref  ref  

 Perceived discrimination 0.39 (0.25) 0.1238 0.39 (0.25) 0.1256 

Family support during pregnancy     

 Lower support  0.28 (0.19) 0.1452 0.28 (0.19) 0.1458 

 Higher support ref  ref  

Baby fathers support during pregnancy     

 Lower support  -0.23 (0.18) 0.2236 -0.22 (0.19) 0.2277 

 Higher support ref  ref  

Health and Health Behavior      

Body Mass Index (BMI) at initial visit     

 Underweight 0.19 (0.41) 0.6490 0.21 (0.41) 0.6145 

 Healthy ref  ref  

 Overweight  0.33 (0.19) 0.0962 0.33 (0.19) 0.0913 

 Obese  0.20 (0.18) 0.2473 0.22 (0.18) 0.2284 

Gestational diabetes     

 No ref  ref  

 Yes 0.25 (0.27) 0.3515 0.26 (0.27) 0.3365 

Chronic hypertension     

 No ref  ref  

 Yes 0.39 (0.22) 0.0698 0.39 (0.22) 0.0709 

Gestational hypertension     

 No ref  ref  

 Yes -0.16 (0.20) 0.4271 -0.15 (0.20) 0.4546 

Cigarette smoking during pregnancy      

 None  ref  ref  

 Smoked in 3 months prior but quit 0.32 (0.19) 0.1009 0.31 (0.19) 0.1069 

 Any  0.33 (0.19) 0.0896 0.31 (0.19) 0.1187 

Alcohol use during pregnancy      

 None ref  ref  

 Any 0.06 (0.36) 0.8688 0.07 (0.36) 0.8471 

Marijuana use during pregnancy      

 None ref  ref  

 Any 0.03 (0.34) 0.9344 0.04 (0.34) 0.9050 

Number of ultrasounds received     

 <3 ultrasounds -0.12 (0.15) 0.4245 -0.12 (0.15) 0.4274 

  ≥3 ultrasounds  ref  ref  

Number of auxiliary services received     

 No auxiliary service   -0.29 (0.16) 0.0775 -0.28 (0.16) 0.0918 

 ≥1 auxiliary service ref  ref  
b Adjusted for CenteringPregnancy session eligibility 

Bolding indicates significance p values <0.05 
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Abbreviations: SD- Standard Deviation, SE- Standard Error 

 
Table 5.4 Number and trimester of qualitative interviews  

 Overall GPNC IPNC 

Participants 31 10 21 

Interviews  79 30 (37.9%) 49 (62.0%) 

 Mean ± SD 2.52 ± 1.54 3.00 ± 1.05 2.29 ± 1.71 

 Range  1-6 2-5 1-6 

Trimester conducted     

 First Trimester (<14 weeks) 2 0 2 

 Second Trimester (14-27 weeks) 48 21 27 

 Third Trimester (>28 weeks) 29 9 20 

Abbreviations: GPNC, group prenatal care; IPNC, individual prenatal care; SD, standard deviation 

 
Table 5.5 Sociodemographic characteristics of interview participants  

Sociodemographic characteristics  Overall 

n=31 

GPNC 

n=10 

IPNC 

n=21 

Age (Mean ± SD) 26.66 ± 6.24 26.55 ± 5.36 26.71 ± 

6.74 

Race and Ethnicity     

 Non- Hispanic Black  10 (32.3%) 4 (40.0%) 6 (28.6%) 

 Hispanic  9 (29.0%) 4 (40.0%) 5 (23.8%) 

 Non-Hispanic White  12 (38.7%) 2 (20.0%) 10 (47.6%) 

Educational Attainment    

 Less than high school  5 (16.1%) 1 (10.0%) 4 (19.1%) 

 High school  19 (61.3%) 5 (50.0%) 14 (66.7%) 

 More than high school  4 (12.9%) 1 (10.0%) 3 (14.3%) 

 Missing  3 (9.7%) 3 (30.0%) 0 (0.0%) 

Annual household Income    

 <10,000 8 (25.8%) 2 (20.9%) 6 (28.6%) 

 10,000-19999 8 (25.8%) 2 (20.0%) 6 (28.6%) 

 >=20,000 5 (16.1%) 1 (10.0%) 4 (19.1%) 

 Missing  10 (32.3%) 5 (50.0%) 5 (23.8%) 

Relationship Status     

 Married  9 (29.0%) 1 (10.0%) 8 (38.1%) 

 Committed dating relationship or 

engaged  

7 (22.6%) 3 (30.0%) 4 (19.1%) 

 Single or other relationship 13 (41.9%) 4 (40.0%) 9 (42.9%) 

 Missing  2 (6.5%) 2 (20.0%) 0 (0%) 

Parity    

 Nulliparous  9 (29.0%) 1 (10.0%) 8 (38.1%) 

 Primiparous/Multiparous  22 (70.9%) 9 (90.0%) 13 (61.9%) 

Abbreviations: GPNC, group prenatal care; IPNC, individual prenatal care; SD, standard 

deviation  

 
Table 5.6 Interview participants prenatal care attendance  

Prenatal Care Attendance  GPNC 

(Mean ± SD) 

IPNC 

(Mean ± SD) 

Total number of PNC visits/sessions  11.0 ± 1.8 10.7 ± 1.6 

 IPNC visits attended  4.5 ± 2.5 10.7 ± 1.6 

 GPNC sessions attended 6.0 ± 1.9 0.0 ± 0.0 

Proportion of care received in GPNC 54.9 ± 15.3 0.0 ± 0.0  

Adequacy of prenatal care     

  Intermediate (50-79% expected visits) 0 (0%) 1 (4.8%) 

  Adequate (80%-109% expected visits) 4 (40.0%) 10 (47.6%) 
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  Adequate Plus (≥110% expected visits) 6 (60.0%) 10 (47.6%) 

Bolded p-values indicate statistical significance  

Abbreviations: GPNC, group prenatal care ; IPNC, individual prenatal care; SD, standard 

deviation  
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CHAPTER SIX 

MANUSCRIPT THREE 

Title: Investigating discussions of health in online forums during pregnancy through text mining  

Abstract 

Background  

A large majority of birthing persons seek out health information online during pregnancy. 

Information found online can influence pregnancy decision making, at times may be consulted in 

lieu of a healthcare provider. Online pregnancy forums provide a space for peers to both seek 

and share information and support. Few studies have examined the content generated by 

pregnant persons in online pregnancy forums, in the form of user posts and responses.  

Objective 

Utilize texting mining methods to describe topics discussed in online pregnancy forums, to better 

understand to what degree health related topics are discussed among online peer communities 

during pregnancy.  

Methods 

Data from three active online pregnancy forums (January 2021 to December 2021) was scraped. 

Threads (initial and response posts; n=36,985) were processed and Latent Dirichlet Allocation 

(LDA) topic modeling performed. Models with between 10-80 topics were evaluated and the 50-

topic model determined to best fit the data based on the interpretability of word clusters. Topics 

were interpreted by two independent coders, and it was determined whether each was health 

related.  

Results  
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Forty-six percent of threads concerned health related topics. The largest health-related topic 

categories were fertility (10.2%), planning for delivery (7.6%), miscarriage (6.3%) and 

pregnancy symptoms (4.7%). Non-health related topics contributed to 51% of threads and 

included name and product recommendations, as well as social exchanges.  

Discussion 

Pregnant persons discuss health related topics in online forums. Dominant health related topics 

may represent unmet information needs offline. The accuracy of health-related content provided 

in online forums is not well understood and requires further analysis to determine whether 

reliance on this information for decision making in pregnancy may cause harm.  

Keywords: pregnancy, online forums, information-seeking  

Introduction  

Pregnant persons are increasingly turning to the internet for health information. Over 70% of 

people seek health information online during pregnancy.1 People are more likely to seek digital 

health information when pregnant than during other periods, with most pregnant persons 

searching for information online at least once a month.1,2 The internet can often serve as a 

convenient and accessible source of information and support. Pregnant persons report seeking 

digital health information before, after, and in between prenatal care appointments.3 Pregnant 

persons will refer to the internet prior to contacting their health provider, as they do not want to 

bother their provider, do not want to waste their providers time with numerous or silly questions, 

want to be informed prior to speaking with their provider or because they are unable get in 

contact with their provider in a timely manner.3,4,5 Pregnant persons also refer to the internet 

following prenatal care appointments, to clarify the information they received, due to 

dissatisfaction with information received or to confirm knowledge and reinforce decisions. 3,6 
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The infrequent schedule of prenatal care visits particularly in early pregnancy and short visit 

length contributes to pregnant persons seeking health information online.3  

More than just providing reassurance, health information found online influences 

decision making in pregnancy. More than two thirds of pregnant persons report using online 

information to make decisions about pregnancy.7 Information online has been found to affect 

pregnancy decisions related to vaccination uptake, physical activity and nutrition, choice of birth 

setting, medication use, and lifestyle.8,9,10,11,12 There is concern for the accuracy of health-related 

information on the internet. Previous review of pregnancy information on popular sites found 

most but not all information to be accurate.13 While a majority of pregnant persons search for 

health information online, nearly 30% of pregnant persons report they do discuss the information 

they find with their health care provider.13  

One form of pregnancy content available online are online discussion forums targeting 

pregnant persons. Online forums are interactive often with a tree like structure organized by 

theme and subtheme from which users’ initial posts and responses branch. These forums can 

typically be viewed by the public but require the creation of an account to post. Online 

pregnancy forums are sought out for experiential knowledge, to normalize experiences in 

pregnancy and to express emotions, worries or needs not met offline.14,15 Pregnant persons are 

likely to come into contact with contact with online forums. Online pregnancy information is 

most frequently sought through search engines from which natural language queries are likely to 

generate links to online discussion forums.16,17 Concern for the quality of health information 

online during pregnancy may be amplified when considering online forums, which are even less 

likely to receive oversight my medical experts. Quality evaluation of responses to health-related 
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posts made to online pregnancy forums suggest a little over half of posts to be accurate, while 

21% of responses contain erroneous, misleading or incomplete information.14 

Given the influence of online sources on pregnancy decisions, and the popularity of 

online discussion forums, it is important to understand what information is discussed in these 

spaces. The majority of research investigating information seeking in online discussion forums 

has employed traditional research methods such as survey and interview,2 but self-report may 

differ from actual patterns of use. Alternatively, information seeking can be analyzed through 

examination of the user generated content in online forums. The vast quantity of readily 

available user generated content can provide rich and unprompted data for analysis.18 Few 

studies have taken advantage of this dataset to study discussions taking place in online pregnancy 

forums broadly rather than among particular subcategories of users (e.g. adolescents, postpartum 

depression, breastfeeding). Two of these three studies have utilized qualitative methods to 

analyze a relatively small subset of posts.6,19 The labor-intensive nature of qualitative research 

can limit its scalability for “big data”. Text mining is an automatic or semiautomatic tool for 

extracting patterns from unstructured text information. Through algorithms, text mining 

approach can efficiently analyze large volumes of data.20  

To date we are aware of a single study that has applied text mining methods to the 

examination of discussions in online pregnancy forums, investigating the topics of posts made to 

“birth club” sections of Whattoexpect.com’s online forum.21 The present study seeks to build 

upon Wexler et al., (2019) by applying the text mining method of Latent Dirichlet Allocation 

(LDA) topic modeling 22 to posts made in online pregnancy discussion forums over a year 

period, with the objective of describing what topics are discussed and further identifying whether 

topics of discussion are health related. By not limiting our analysis to a specific section of the 
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forum, we are able to map the overall proportion of posts made to online pregnancy forums in 

each topic area.   

Methods 

Design and Sample   

The current study used publicly available data from three online pregnancy communities. Active 

online pregnancy forums were identified by searching the term “online pregnancy discussion 

forum or community” in Google. Sites in the first page of results were assessed using a web 

analytics tool (Alexa.com). Search engines are a common manner for pregnant persons to seek 

out health information online and the first page of results represents sites ranked highly by the 

google search engine which they are more likely to encounter. Through the Alexa platform we 

determined total site visits, global rank and rank in the United States (US). The three highest 

ranked sites among US users were selected as the sampling frame for our study. This included 

online communities hosed at Babycenter.com, Thebump.com and Whatoexpect.com.  

Data extraction was conducted using the Sprinklr Inc. social media listening platform. 

We narrowed collection to a one-year period (January-December 2021). For forums hosted by 

Whattoexpect.com and thebump.com, posts made in 2021 were extracted. Due to the website 

properties of Babycenter.com, we were unable to extract all posts for 2021 at once, therefore 

pregnancy groups were sorted by popularity and posts made during 2021 to groups within the 

first 25 pages of results (12 groups displayed per page) were extracted. While two of these 

forums allow users to from private groups, only publicly viewable posts were included within 

our dataset. Thread title, message, date and time posted were scraped.  

Ethics 
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All data used in the present study was publicly available. Research was not considered to include 

human subjects and was therefore exempt from Institutional Review Board review. Additionally, 

study methods were in compliance with websites terms of use.  

Latent Dirichlet Allocation  

In text mining, a unit of textual data is referred to as a document and the collection of documents 

as a corpus. LDA is an unsupervised Bayesian probabilistic modeling method, guided by two 

principles: each document is treated as a mixture of topics and each topic as a mixture of 

words.22 The order of words is viewed as negligible and documents modeled as a “bag of 

words”. By analyzing word co-occurrence, a succinct overview of the themes within the corpus 

is generated. Both word-topic probabilities (the estimated probability that a word is generated by 

a certain topic) and document-topic probabilities (the estimated probability that a topic is 

generated in a certain document) are produced. 

 Analysis took place over five stages: 1) gathering of text data, 2) processing of text data, 

3) generation of a Document Term Matrix (DTM), 4) Selection of k topics and 5) 

implementation and interpretation of LDA model with K topics (Table 1).23 Data processing and 

analysis was conducted in R version 4.2.3.  Initial posts and subsequent response posts were 

combined and the thread considered the unit of analysis (document). Text processing was 

performed to clean data and transform documents into a form in which data could be extracted. 

Text processing was performed using the “tm” package in R.  Document text was converted to 

lowercase and punctuation, numbers and special symbols removed. Stop words, common words 

in the English language with little isolated meaning (e.g. is, a, the) were eliminated and 

documents were tokenized, divided into meaningful tokens (words). Duplicate threads were 

removed. Each document was stored in a DTM; a matrix in which each row represents one 
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document (thread), each column represents one term (word) and each cell value contains the 

frequency with which that term appeared in the document.23 

 Topic modeling was performed using the “topicmodels” package in R. To identify the 

appropriate number of topics (k) we first estimated a k=10 topic model and then sequentially 

increased the number of topics being modeled up to k=80 topics. Model interpretability was 

compared and a model with distinct enough word clusters to assign labels but that did not 

produce overly similar topics was selected. When a model with k topics was selected, the 15 

words with the highest word-topic probabilities and the 15 threads with the highest document-

topic probabilities were extracted for review. Two researchers independently inspected the top 

words and most representative threads assigning each topic a label and indicating whether the 

topic was health related. In accordance with the World Health Organizations definition of 

health,24 we define health related as concerning aspects of physical, mental and social wellbeing. 

The two researchers met, and topic labels were reviewed, any disagreements in topic labeling or 

health designation was discussed and threads reviewed until consensus was reached. Labeled 

topics were then organized into categories based on topic similarity. The “LDAvis” package in R 

was used to obtain the percentage of tokens (i.e. words) contributing to each topic.  

Results 

For the one-year period, we collected 314,929 posts; 66.9% of posts were from babycenter.com 

(n=210,853), 26.8% thebumb.com (n=84,334), 6.3% whattoexpect.com (n=19,742). Initial and 

response posts were combined into threads and duplicate threads removed, resulting in 36,985 

unique threads.  

Based on inspection of word cluster interpretability for models with 10 to 80 topics, a 

model with k=50 topics was selected. Following manual review, four topics were excluded, as 
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they were deemed not to represent semantically coherent topics. This resulted in 46 topics total. 

Word clusters and topic labels for the 46 topics derived by LDA topic modeling are displayed in 

Table 1. Where usernames were included in word clusters they were substituted by the next 

highest word-topic probability in the visual.  

Topics were further categorized as related to health or not related to health and where 

applicable categorized together with similar topics. Sixteen topics were deemed to be health 

related, while the remaining 30 were deemed not to be health related. While resulting in almost 

twice as many topics, the percentage of threads characterized by health and non-health related 

topics was more similar, 45.6% of threads comprised health related topics and 51.3% non-health 

related. A summary of health and non-health related topic categories is displayed in Figure 2.  

Health Related Topics  

Fertility was the most common category of health-related topics, representing 10.2% of threads. 

The fertility category was comprised of two topics: “Trying to conceive and monitoring fertility” 

and “Infertility treatments”, threads within these topics regarded tracking ovulation, basal body 

temperature and menstrual cycles in an effort to conceive; and treatments for infertility including 

in vitro fertilization (IVF) and intrauterine insemination (IUI). The second largest category of 

health-related topics, planning for delivery represented 7.6% of threads. Planning for delivery 

was comprised of three topics: “Preparation and support for natural birth”, “The labor and 

delivery experience” and “VBAC and prevention of preterm birth”. Threads within these topics 

concerned advocating and preparing for a natural birth, doulas, and birth classes; cervical checks, 

dilation, contractions, pain and induction; and the desire for vaginal birth after cesarean (VBAC) 

and measures to prevent preterm birth (progesterone and cerclage).  The third largest category of 

health-related topics was Miscarriage, which accounted for 6.3% of threads. The miscarriage 
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category included topics of “Bleeding and fear of miscarriage” and “hCG levels and chemical 

pregnancy” these topics regarded bleeding, spotting, fear of pregnancy loss and subchrnonic 

hematoma (SCH); and levels of the Human Chorionic Gonadotropin (hCG) hormone and 

suspected chemical pregnancy.  

Other categories of health-related topics included symptoms (4.7%), pregnancy 

ambivalence (3.9%), growth and appointments (3.8%), Complications (3.2%), vaccination (2%), 

infant feeding (1.5%) and lifestyle (1.3%). The symptoms category included two topics 

“Pregnancy Symptoms” and “Treatment of nausea and vomiting” which concerned discomforts 

of pregnancy (eg. nausea, fatigue, back and pelvic floor pain); and treatments for severe nausea 

and vomiting, including medication, combinations of medication and IV fluids. Threads within 

the pregnancy ambivalence category and “Single parenthood or abortion” topic regarded 

unplanned pregnancy, troubled relationships with the non-birthing parent, depression, and 

consideration of abortion. The growth and appointments category and “Updates on appointment 

and fetal growth” topic concerned recent prenatal care appointments, tests or monitoring 

received and updates on fetal growth. Threads within the complications category and “Concern 

over testing/ scan results and weight” topic regarded noninvasive prenatal testing (NIPT), low 

fetal fraction in higher weight individuals, ultrasound findings and suspected fetal complications. 

The vaccination category and “Safety of vaccination” topic concerned the safety and benefits of 

the Corona Virus, tetanus, diphtheria, and pertussis (Tdap), measles, mumps, and rubella (MMR) 

vaccines while pregnant and breastfeeding. Threads within the “infant feeding” category and 

topic regarded breastfeeding, formula, bottles, pumping, increasing milk supply and challenges 

of infant feeding. The lifestyle category and “Exercise and health goals” topic concerned health 

intentions including forms of exercise, calorie tracking, hydration, and mindfulness. 
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Non-Health Related Topics  

The most common category of non-health related topics was naming baby which consisted of 

multiple topics concerned with “Name recommendations”. Twenty-one of the total 46 topics and 

32.9% of threads focused on selection of baby names. Other categories of non-health related 

topics included social exchanges (14.7%) and product recommendations (3.7%). Threads within 

the social exchange category focused on making and continuing social connections following 

delivery, celebrating pregnancy milestones (e.g. positive pregnancy tests, birth or six months), 

viewing pregnancy tests, making guesses about the sex of the baby and recipe suggestions. While 

the topic of “Meal and recipe suggestions” might initially be considered health-related, it was not 

deemed to pertain to health as threads primarily consisted of sharing recipes or daily meals 

without health context. The product recommendation category consisted of two topics 

“Maternity clothing and packing for the hospital” and “product recommendations for newborns”, 

these threads regarded the selection of maternity clothes, bras and products to bring for delivery, 

and selection of newborn products including diapers, car seats, cribs, strollers and tubs.   

Discussion  

The objective of the current study was to systematically describe discussion topics in 

popular online pregnancy forums, particularly those related to health using the text mining 

approach of LDA topic modeling. Our results suggest that in addition to social support, pregnant 

persons are engaging with online peer communities to discuss their health. While more than half 

of threads focused on baby name, social exchanges and product recommendations, 45.6% of 

discussion threads concerned health related topics. The most common health-related topic was 

fertility including tracking ovulation as a component of trying to conceive and seeking treatment 
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for infertility including assisted reproductive technology (ART). Other common health-related 

topics of discussion included planning for delivery, miscarriage and symptoms of pregnancy.  

Our findings are consistent with much of the previous research examining online 

pregnancy forum posts. While these studies tended to assess topics by pregnancy stage, we 

selected not to do so in favor of describing the entirety of posts made over a year long period 

rather than the subset made to dated groups (i.e birth month boards). Despite this discrepancy, 

similar health-related topics emerged including miscarriage (first trimester), pregnancy 

symptoms (second trimester), labor and delivery (third trimester) and lab tests (across 

pregnancy).61921 One distinction from previous studies is that we did not identify topics relating 

to newborn care, such as newborn sleep routine or newborn health issues which have previously 

been shown to be popular topics of information seeking.2119 It is possible that in viewing the 

perinatal period as a whole, these topics were not prevalent enough to result as a distinct topic.  

The current study findings also share commonalities with pregnant persons self-reported 

information seeking online. Previous work suggests pregnant persons most frequently report 

interest in fetal development, nutrition in pregnancy, medication in pregnancy and pregnancy 

complications and that Infertility is the most commonly raised topic of prepregnancy and 

breastfeeding of the postpartum period.2,25,26 Though overlapping some topics self-reported to be 

of interest did not emerge as topics within online forum posts. This is consistent with 

comparisons made by previous analysis of user generated content in online forums and may 

suggest some topics are addressed via other online sources (e.g. fetal development via web apps) 

or implications of methodical differences such as sampling or the role of recall bias.21 

Previous research suggests pregnant persons are motivated to seek out information online 

to supplement deficiencies offline. 3,14 Prominent topics of discussion online may represent 
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information gaps offline, in the patient education provided in perinatal care. While perinatal care 

should be patient and family centered, responsive to individual patient needs, preferences and 

values, guidelines for patient education in perinatal care, such as those from the American 

Academy of Pediatrics and the American College of Obstetrics and Gynecology or the 

University of Michigan, Michigan Medicine Quality Department provide a window of what 

information should be provided to each patient. 27,28 In a comparison of the health-related topics 

that emerged in our LDA analysis of online pregnancy forums with patient education guidelines 

(Figure 3), the absence of several topics is apparent . Topic categories of fertility, pregnancy 

ambivalence and miscarriage appear are not included within these expectations for perinatal care. 

Some of this discrepancy may be explained by the scope of perinatal care, while others may 

indicate opportunities to better address patient’s information needs in prenatal care.  

While online pregnancy forums typically span from trying to conceive to postpartum and 

parenting, prenatal care is not initiated until pregnancy begins. Fertility issues are typically 

discussed with a gynecologist or family provider and referral to a fertility specialist or 

reproductive endourologist made. However, there are significant economic, education, insurance 

and citizenship disparities in access to infertility care.29 Inadequate information, as well as 

physical and emotional stress associated with infertility may prompt persons to seek information 

from peers online.30 Whereas fertility issues are not typically served in perinatal care, exclusion 

of education surrounding pregnancy options and miscarriage may represent a gap in current 

services.  

While several medical organizations recognize counseling patients on all pregnancy 

options (adoption, abortion, and parenting) as an ethical obligation,31,32,33 at what point 

pregnancy options counseling should be provided is not clear.34 Although the pregnancy test visit 
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may be an opportune time for such discussions, some patients determine their pregnancy through 

home tests. The initial prenatal care visit may these patients first opportunity to receive 

information on pregnancy options from a provider. Research suggests that although most patients 

feel certain about their decision upon entry to prenatal care, a not insignificant minority is 

interested in pregnancy options counseling at their first visit.34 Miscarriages (pregnancy loss 

prior to 20 weeks gestation) occur in 26% of pregnancies, with 80% miscarriages occurring prior 

to 12 weeks gestation.35 The first perinatal care visit is typically scheduled to coincide with 

ultrasound dating after 10 weeks gestational age,36 this timing may miss opportunities for patient 

education on topics most salient early in pregnancy such as pregnancy options and miscarriage. 

In order to ensure the accuracy of information received on these subjects, inclusion in perinatal 

patient education may be warranted. One solution could be the early care model, in which 

patients are provided an hour long virtual initial visit at any gestation desired by the patient, 

allowing for greater education in early pregnancy.37 

Although other dominant health-related topics we identified in online forums are 

included in guidelines for patient education in perinatal care, there prevalence may indicate 

patients’ information needs in these areas are not being meet in perinatal care. In line with 

previous findings of pregnant persons motivations for visiting online peer communities, topics 

could also indicate areas in which experiential information or normalization is sought.14 

Alternative prenatal care models incorporating increased patient education or opportunities to 

socialize with peers, such as group preparental care could assist in fulfilling these needs offline. 

Group prenatal care combines peer support and facilitated education with clinical assessment in a 

group setting.38 Newer models of group prenatal care have even incorporated integrated IT 
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platforms that enable patients to communicate with providers and fellow group members 

between sessions.39 

Our study has several strengths as well as limitations. Through analysis of user generated 

content online, our study takes advantage of the abundant naturally occurring data. The relative 

anonymity users experience may contribute to greater openness when discussing sensitive topics. 

As responses are unprompted bias introduced by researcher interaction may be reduced. Analysis 

of user posts may better capture users actual use as opposed to self-reported behaviors. While 

working with user generated content online offers advantages, disadvantages include the lack of 

sociodemographic information available for users. We could not determine users’ race, ethnicity, 

gender, age, location or socioeconomic status, nor could we determine users’ stage of pregnancy 

or parity. In our review of posts all but a few posts appeared to be from heterosexual women but 

in some cases, users identified themselves as a trans man or the male partner of a pregnant 

person. It is therefore not possible to make claims to the representativeness of these findings to 

other populations.  

 Our study is one of the first to provide a large-scale analysis of discussion in online 

pregnancy forums. Application of the text mining approach of LDA analysis, enabled us to 

organize and summarize the large volume of content generated by pregnant persons in online 

forums, exploring dominant themes in a manner that would not be feasible utilizing traditional 

qualitative methods. However, topics do not indicate all the topics discussed in forums but rather 

word clusters determined to have strong correlations between words. Some topics may contain 

multiple subtopics with related words. Topics related to sensitive or less common situations or 

that use a range of different words to refer to the same meaning may be less likely to be 

identified by LDA modeling. Designations of being related to health were determined based 
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upon review of the 15 keywords and most representative threads and could therefore vary in the 

remaining threads. Despite the wide and established use of LDA, there are not specific 

recommendations for best practice approaches in particular settings, for example there is not a 

single approach for model checking, determining the optimal number of topics to model.40  

Taken together, these findings enhance our understanding of health-related discussions 

taking place in online discussion forums. It is important providers recognize that the majority of 

their pregnant patients are seeking health information online. Patients may refer to the internet in 

lieu of or in addition to contacting providers. The information patient find online will likely 

influence their decisions in pregnancy. There is a need to promote digital health literacy among 

both providers and patients, enhancing the ability to search, find, understand, and evaluate health 

related information online.41 Providers should engage their pregnant patients in discussions about 

the health information they find online and guide patient toward evidenced based websites.  

Future research should continue investigate the user generated data of pregnant persons 

online such as in online pregnancy forums, as these posts offer valuable information on the 

values and needs of these populations. Text mining approaches offer opportunities to engage 

with the vast volume of data online. The benefits of text mining approaches can be combined 

with the strengths of qualitative analysis through mixed methods approaches, with texting 

mining methods organizing data by relevance in depth qualitative analysis.39 In addition to 

clarifying themes, further research evaluating the accuracy of peer responses and 

recommendations is needed, in order to better understand the quality of health information in 

online peer communities. In addition to application for research machine learning methods may 

also present solutions to quality concerns. Though in its infancy, increasingly sophisticated 
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machine learning techniques are being applied in the detection of misinformation in health-

related content online.42 

Conclusion  

In this study, we investigated the topics of discussion in online pregnancy forums using the text 

mining technique of LDA topic modeling. Forty-six topics were identified, 16 of which were 

related to health. Health-related topics comprised 46% of conversations. Common health related 

topics included fertility, planning for delivery, miscarriage, and pregnancy symptoms. Our 

findings suggest a large proportion of online pregnancy forum discussions are health related. 

Prominent health related topics in online pregnancy forums may represent unmet informational 

needs offline and in the patient, education provided in perinatal care. Little is known about the 

qualitative of health information in online pregnancy forums. It is therefore important that 

provides engage their patients in discussing about health information found online and that 

digital health literacy is encouraged. Further research on the content and quality of health 

information in online pregnancy forums is warranted.  
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Tables and Figures  

 
Figure 6.1 Process of analysis  

 
Table 6.1 Summary of topic words, topic labels and categories in online pregnancy forums  

Health 

related  

Category Topic label Words  % of 

tokens 

Yes (16 

topics) 

Fertility Trying to 

conceive/monitoring 

fertility  

Cycle, month, day, time, hope, WAYDTGKU, 

timing, DPO, weekend, testing, length, days, 

OPKs, LOL, week 

5.7% 
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Infertility treatments Cycle, time, transfer, day, IVF, hope, week, 

testing, feel, clinic, start, IUI, embryos, days, 

results 

4.5% 

Pregnancy 

ambivalence    

Single parenthood 

or abortion 

Baby, feel, time, pregnant, child, husband, 

life, hard, pregnancy, mom, family, months, 

hope, anxiety, feelings 

3.9% 

Lifestyle  Exercise and health 

goals  

Week, weight, day, yoga, eating, exercise, 

goals, time, lbs, gain, feel, healthy, days, 

water, habits 

1.3% 

Miscarriage   HCG levels and 

chemical pregnancy 

Period, HCG, days, day, pregnancy, pregnant, 

loss, ovulation, cycle, weeks, test, 

progesterone, levels, miscarriage, time 

2.9% 

Bleeding and fear of 

miscarriage  

Weeks, ultrasound, bleeding, baby, days, 

pregnancy, spotting, week, blood, doctor, 

miscarriage, heartbeat, sac, normal, told 

3.4% 

Symptoms  Pregnancy 

symptoms 

Weeks, pregnancy, feel, feeling, symptoms, 

pain, time, day, pregnant, nausea, morning, 

night, days, week, normal 

3.8% 

Treatment of 

nausea/vomiting  

Doctor, taking, Zofran, meds, day, 

medication, time, dose, nausea, pills, 

pregnancy, prescription, pill, prescribed, 

vomiting 

0.9% 

Growth and 

appointments 

Updates on 

appointments, and 

fetal growth  

Baby, weeks, feeling, days, appointment, 

questions, due, upcoming, date, second time 

mom, size, estimated, week, time, feel, foster 

3.8% 

Complications  Concern over 

testing/scan results 

and weight 

Baby, weeks, scan, blood, pregnancy, week, 

test, ultrasound, doctor appointment, time, 

weight, results, normal, lbs 

3.2% 

Infection Infections, 

discharge, and 

safety of antibiotics   

Pregnant, pregnancy, sex, weeks, doctor, 

baby, discharge, safe, normal, found, birth, 

infection, call, months, fine 

1.1% 

Vaccination  Safety of 

vaccination 

Covid, vaccine, people, pregnant, shot, 

vaccinated risk, baby, women, vaccines, dose, 

effects, doctor, pregnancy, research 

2.0% 

Planning for 

delivery 

Preparation and 

support for natural 

birth  

Birth, hospital, midwife, labor, home, natural, 

baby, doula, time, center, unmedicated, 

husband, birthing, experience, feel 

3.0% 

The labor/delivery 

experience 

Labor, contractions, baby, pain, time, water, 

epidural, started, weeks, hospital, pushing, 

body, push, induced, birth 

2.6% 

VBAC and 

prevention of 

preterm birth  

Weeks, baby, section, VBAC, doctor, labor, 

induction, birth, due, time, pregnancy, 

induced, cervix, cerclage, hospital 

2.0% 

Infant feeding  Infant feeding Water, milk, drink, baby, day, pump, 

breastfeeding, drinking, tea, bottle, breast, oil, 

taking, prenatal, time  

1.5% 

No (30 

topics) 

Social exchanges 

(7 topics) 

Birth/pregnancy 

announcement 

Congratulations, congrats, happy, baby, hope, 

Stella, love, Lane, beautiful, girl, yay, excited, 

update, glad, Trace 

1.1% 

Celebrating 

pregnancy after 

infertility/loss   

Due, date, weeks, months, time, month, feel, 

week, excited, pregnancy, baby, appointment, 

share, June, feeling 

2.1% 

Sharing daily life Time, kids, day, house, week, LOL, home, 

love, family, husband, night, feel, fun, hope, 

weekend 

3.9% 
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Keeping in touch 

and finding privacy 

on social media 

Post, read, people, insurance, time, 

appointment, check, posts, book, private, join, 

start, feel, bump, job 

2.0% 

Guessing infant sex Girl, boy, gender, baby, weeks, ultrasound, 

boys, Zoe, guess, scan, nub, LOL, girls, 

Molly, week 

1.2% 

Sharing pregnancy 

test results 

Test, line, positive, DPO, days, tests, period, 

faint, negative, morning, lines, darker, dye, 

pink, blue 

2.5% 

Meal/recipe 

suggestions 

Eat, food, cheese, eating, meal, chicken, love, 

LOL, time, craving, dinner, cream, chocolate, 

meat, meals 

1.9% 

Product 

Recommendations 

(2 topics)  

Maternity clothing/ 

packing for hospital  

Maternity, clothes, wear, time, baby, LOL, 

pants, hospital, hair, size, bump, home, cute, 

nursing, shower 

1.5% 

Product 

recommendations 

for newborn 

Baby, diapers, time, diaper, car, seat, love, 

months, cloth, nursery, buy, crib, stuff, wash, 

stroller 

2.2% 

Naming baby (21 

topics)  

Name 

recommendations  

Love, Rose, middle, Elizabeth, Marie, 

Charlotte, Grace, Claire, Ava, Jane, vote, 

Elise, Naomi, pretty, Evelyn, Phoenix, Arthur, 

Aubrey, Cara, Wolf, Clayton, Soren, Isabella, 

Artie, Maven, Eleanora, Keely, Vanessa, day, 

Logan, Skye, Jacob, Levi … Stella, Pearl, 

Max, Iris, Maeve, names, love, Joel, Hunter, 

Marigold, dahlia, Amira, Gemma, Perdomo, 

Eden, Neve, James, Thomas, Eli, Joseph, 

Jonah, Elias, Phoebe, Wilder, Ari, Brooks, 

Ezra, love, Carter, Orlando, middle, Girl, boy, 

names, girls, boys, Harper, Lynn, feminine, 

unisex, Avery, Rowan, gender, masculine, 

Riley, love 

32.9% 

 

Abbreviations: WAYDTGKU, what are you doing to get knocked up; DPO, days past ovulation; OPKs, ovulation 

predictor kits; LOL, laugh out loud; IVF in vitro fertilization; IUI, Intrauterine insemination; hCG, human 

chorionic gonadotropin; lbs, pounds; VBAC, vaginal birth after cesarean  
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Figure 6.2 Prevalence of health and non-health related topics in online pregnancy forums  
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Figure 6.3 Health-related topics and patient education in perinatal care  
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CHAPTER SEVEN 

DISCUSSION 

The purpose of this dissertation was to explore factors influencing optimal and equitable 

perinatal health. Manuscript 1 investigated pregnant persons experience of intersectional 

discrimination and whether certain discrimination profiles were associated with adverse perinatal 

health outcomes. Manuscript 2 examined patient characteristics associated with group prenatal 

care (GPNC) session attendance through quantitative analysis and compared the experience of 

GPNC patients to individual prenatal care patients (IPNC) through qualitative analysis. 

Manuscript 3 described the topics discussed by pregnant persons in online discussion forums, 

highlighting topics related to health.  

Summary of Findings  

Manuscript One Findings  

The first study of my dissertation explored pregnant persons varied and intersecting exposure to 

discrimination using latent class analysis (LCA) and investigated whether discrimination 

subgroups differed in risk of adverse perinatal health outcomes (APHOs). This analysis took 

advantage of data collected in the Centering and Racial Disparities (CRADLE) study, a large 

randomized controlled trial of pregnant patients at a single obstetrics practice, in which 

numerous psychosocial and medical outcomes were collected. When conducting latent class 

analysis, patterns of discrimination were found to differ significantly across race and ethnicity 

groups and thus were modeled separately. A four-class model was determined to best fit the data 

for each racial and ethnic group (Black, Hispanic and White). The two largest discrimination 

classes were similar across racial and ethnic groups, they included participants who reported 

never to have experienced discrimination labeled the “No discrimination” class and those who 
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reported experiencing discrimination but did not strongly attribute discrimination to any one 

social identity labeled the “General discrimination” class. The smaller two classes were more 

varied across racial and ethnic groups, they included one class of participants who experienced 

discrimination and had a high probability of attributing discrimination to a single or multiple 

characteristics (Black: Gender, race, ethnicity and age discrimination;  Hispanic: Other 

discrimination; White: Education, income, weight, appearance and age discrimination) and one 

class of participants who experienced discrimination and had a high probability of attributing 

discrimination to most or all characteristics labeled the “compound discrimination” class.  

When the association between discrimination subgroups and APHOs were examined 

using the BCH three step approach, significant between class differences were observed in some 

cases. Black and White participants that experienced general discrimination were more likely to 

experience symptoms of postpartum depression relative to participants that did not experience 

discrimination. Among White participants a significant relationship was also observed for the 

neonatal outcome of low birth weight. White participants who experienced no discrimination 

were less likely to give birth to low birthweight infants compared to their peers who experienced 

general discrimination. That this relationship was present for White, but not Black or Hispanic 

participants is surprising. Explanations might include high discrimination among White 

participants based on social identities other than race and ethnicity, as well as differential 

measure interpretation. An additional unexpected finding was that White participants who 

experienced compound discrimination were less likely to experience a composite APHO relative 

to those who experienced general discrimination. This relationship is the opposite than would be 

expected by theories of intersectionality. Significant difference in adverse perinatal health 

outcomes between discrimination classes were not observed among Hispanic participants nor for 
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other APHOs which have previously been identified as associated with discrimination exposure 

including preterm birth, preeclampsia and NICU admission.  

Manuscript Two Findings  

The second study of my dissertation applied a concurrent mixed methods design to investigate 

the association of patient characteristics with GPNC session attendance and to compare patient 

perceptions of care in GPNC to peers receiving IPNC. A number of patient sociodemographic, 

psychosocial and health characteristics were found to be associated with session attendance after 

adjusting for eligibility to attend sessions (i.e. based on study enrollment and date of delivery). 

Sociodemographic characteristics of older age, birth outside the United States, being married and 

having higher educational attainment and income were positively associated with session 

attendance. While psychosocial characteristics of below average prenatal distress, housing 

instability, housing concerns, and life stressors in pregnancy were inversely associated with 

session attendance. Health characteristics of gestational diabetes and smoking during pregnancy 

were also inversely associated with session attendance. Additionally, younger age and below 

average perceived stress were positively associated with non-attendance.  

  Qualitative analysis uncovered five themes in the patient experience including 1) 

monitoring of fetal wellbeing, 2) the patient-provider relationship, 3) engagement and education, 

4) trust in and support from peers and 5) involvement of support persons. A number of themes 

were largely consistent between IPNC and GPNC patients including the primacy of fetal 

wellbeing and the desire for a familiar and friendly provider. GPNC was seen to offer alternative 

opportunities for education and engagement and peer support. Yet, unique concerns also arose 

for GPNC patients including the comfort of their partner and provider confidentiality in the 

transition from one-on-one conversations to the group discussion. The match between patient 



 228 

characteristics and care elements can aid in understanding attendance patterns. These patterns 

might also be linked to barriers associated with these patient characteristics.  

Manuscript Three Findings  

The third dissertation study sought to utilize Latent Dirichlet Allocation (LDA) topic modeling 

to describe the topics discussed by pregnant persons in online peer communities, with particular 

emphasis on health-related topics. User generated content was scraped from three active online 

pregnancy groups over a one-year period. Topic interpretability for models with 10-80 topics 

were compared and the fifty-topic model selected to best fit the data. Four of the fifty topics were 

not found to represent semantically coherent topics. These 16 health related topics composed 

46% of discussion threads. The most common health related topic categories were fertility, 

planning for delivery, miscarriage and pregnancy symptoms. Other health related topic 

categories included pregnancy ambivalence, growth and appointments, complications, infection, 

vaccination, and infant feeding. Non health related topics composed 51% of discussion threads 

and included categories of topics such as baby name and product recommendation, as well as 

social exchanges.  

Strengths and Limitations  

Several strengths were demonstrated in this dissertation. Some strengths were shared by study 

one and two as they both involved secondary analysis of data collected in the CRADLE study. 

Included within this dataset is a relatively large sample of racially and ethnically diverse largely 

low-income pregnant patients. The practice at which the CRADLE study took place had been 

conducting GPNC for over ten years. Data collection in the CRADLE trial was rigorous, a broad 

range of sociodemographic and psychosocial variables were collected using validated self-report 

measures and health variables collected through medical chart abstraction. 
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In addition to the strengths inherent to this dataset, study one applied an innovative 

statistical approach, LCA to the study of discrimination exposure in pregnancy. Rather than 

measuring a single dimension of discrimination as has largely been done in previous research, 

this study was guided by an intersectionality perspective. An intersectionality perspective 

recognizes that the human experience is jointly shaped by multiple social identities and cannot be 

adequately understood when considered in isolation.1 Unlike variable centered approaches, LCA 

takes a person-centered approach allowing for the examination of complex co-occurring 

experiences. Study two also had methodological strengths, through the application of a 

concurrent mixed methods study design incorporating both quantitative and qualitative analysis, 

this design synthesizes the individual strengths of each method.2 Study two also included a 

qualitative comparison group (IPNC patients) which allowed for conclusions to be made about 

the similarities and differences of patient experience in each care model to be made.3 

Although different, the sampling method of study three also offered several benefits. 

Through analysis of user generated content in online pregnancy forums we take advantage of the 

abundant wealth of naturally occurring data in this community space. In contrast to traditional 

research methods such as survey and interview this data is unprompted thus removing bias 

introduced through interaction with the researcher or research tools. Study of user generated 

content may allow for the inclusion of populations who would be unlikely to participate in 

traditional research and social desirability bias may be lessened in relatively anonymous online 

spaces contributing to greater openness in the discussion of sensitive topics. Use of text mining 

methods also offers benefits. Utilization of LDA topic modeling enabled us to summarize the 

themes present in this large unstructured text dataset relatively quickly. Analysis of such a large 

data set would not be feasible through qualitative analysis.  
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This dissertation is not however without limitations. While the CRADLE sample has several 

strengths, participants were recruited from a single medical practice largely catering to a 

medically underserved population, the findings of study one and two may not therefore be 

generalizable to other populations. In accordance original trial aims and eligibility criteria for 

participation in GPNC, medically high-risk pregnancies were excluded from participation. A 

focus on medically low risk pregnancies may have attenuated findings regarding the association 

of discrimination with APHOs, particularly among Black pregnant persons who might be 

expected to have worsened health at entry to prenatal care due to the accumulation of 

disadvantages across the life course. Although the CRADLE study provided a relatively large 

sample for analysis, subdivision of participants into race and ethically stratified groups followed 

by discrimination classes may have limited our power to detect difference and replication of 

findings in a larger sample is recommended.  

For study one, our measure of discrimination may also represent a limitation. Despite the 

Everyday Discrimination Scale (EDS) being one of the most commonly used measure of 

discrimination and a number of studies documenting the instrument’s good reliability and 

validity,4 several recent studies have cast doubt the EDS’s equivalence across diverse social 

groups.5,6,7 Establishing measurement equivalence across diverse social groups is essential for 

accurate and meaningful comparison. These studies therefore suggest caution is needed when 

using the EDS to make cross group comparisons.  

In study three, sociodemographic information was not available on the users posting in online 

forums, we are therefore unable to make claims about the generalizability of findings. While 

topic modeling has been found to produce semantically coherent and interpretable topics, topics 

identified do not indicate all the topics discussed in online forums but rather word clusters 
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determined to have strong co-occurrence.8 Topic modeling does replace the contextual 

understanding of manual qualitative analysis.9 Finally, the field of topic modeling is an emerging 

area of research and there are not specific recommendations for best practice in particular 

settings. LDA involves a number of decisions be made that can influence the outcomes of 

analysis. For instance, a variety of different quantitative and qualitative approaches have been 

recommended for the selection of the number of topics.10  

Implications and Future Directions   

Study findings offer important implications for clinical care, as well as revealing several 

potential areas for future research.  

Intersectional Discrimination  

By incorporating an intersectionality perspective, our study builds upon previous research 

documenting the association of single axis discrimination with perinatal health. Dissertation 

findings highlight the importance that pregnant person’s discrimination exposure be assessed 

using an intersectionality framework, that attends to how multiple social identities and 

interlocking systems of power and oppression intersect to shape an individual’s experience. 

While replication of findings within a larger sample is needed, findings of association of elevated 

risk suggest the utility of assessing intersectional discrimination exposure in prenatal care. 

However, thus endeavor may be complicated by methodical issues in the measurement of 

intersectional discrimination. Though requiring further examination these findings may suggest 

alterations or development of alternative measures are needed. A new instrument the 

Intersectional Discrimination Index (InDI) a measure specifically developed to assess 

discrimination across intersections was recently introduced and has shown good preliminary 
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validity and reliability.11 Future studies of intersectional discrimination should consider the 

merits of utilizing this new instrument.  

Participation in Group Prenatal Care  

Dissertation findings suggest GPNC session attendance differs based on patient 

sociodemographic, psychosocial and health characteristics. Characteristics inversely associated 

with sessions attendance were largely consistent with socially disadvantaged statuses (e.g. lower 

education, lower income, housing instability). These findings are distinct from measurement of 

adequacy of care. Participants were able to switch over to IPNC visits or to attend IPNC visits as 

desired. However, patient characteristics associated with GPNC attendance may not be unique to 

this this model of care, and some characteristics identified appear consistent with prenatal care 

more generally, while others appear to be unique to the GPNC model. Future research should 

investigate how and if patient characteristics associated with GPNC attendance differ from those 

associated with IPNC attendance, as well as replicating study findings in diverse samples. 

Differences might suggest a fit between care models and certain populations. Dissertation 

findings offer insights for patient recruitment and retention as well as potential model 

modifications. Modifications and adaptations to the GPNC model that could further facilitate 

session attendance among patient populations with poor attendance should be considered. These 

findings add to literature informing the shared decision-making process between patients and 

providers in selecting the appropriate model of prenatal care. A decision aid might be created, 

conveying evidence-based information on the benefits and drawbacks of GPNC as well as other 

care options. Presently a variety of pregnancy related decision aids exist for decisions such as 

mode of birth and prenatal testing,12 but a decision aid for model of prenatal care is not known to 

exist.  
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Quality Prenatal Care and Disparities in Perinatal Health   

While not sufficient on its own, access to quality prenatal care is an important component of 

strategies to reduce Black-White disparities in perinatal health.13 GPNC is one promising 

intervention to reduce Black White disparities in birth outcomes. The benefits of GPNC can only 

be obtained to the extent GPNC is attended. Although analysis did not uncover significant 

differences in GPNC session attendance by race and ethnicity, patient characteristics largely 

consistent with social disadvantage were associated with reduced attendance. Modifications may 

be needed to the GPNC model to support these populations in obtaining the benefits of GPNC. It 

is not known how patient characteristics associated with session attendance compare to those 

associated with IPNC or adequacy of care more generally. Differences in model elements (e.g. 

visit/session length) create challenges in directly comparing “dose” of intervention received. 

Measures of adequacy of care have largely relied on timing of care initiation and the total 

number of visits received. The developments of instruments to assess patient perceptions of care 

quality including components of care (e.g. provider-patient communication, patient autonomy 

and respect and information sharing) can also assist in clarifying what models of care best fit 

patient needs.   

Seeking Health Information Online  

Dissertation findings emphasize the role online forums play in the exchange of health 

information during pregnancy. In addition to ease and convenience, previous studies suggest 

pregnant persons turn online to fulfill information needs not meet offline.14 Common topics 

identified in online forums may represent information gaps offline and consideration should be 

given to opportunities to enhance patient education in these areas. Review of guidelines for 

patient education in perinatal care suggest some topics such as fertility, miscarriage and 
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pregnancy ambivalence are not included within standard patient education. These topics as well 

as other prominent topics discussed in online forums can alert providers and health organizations 

to areas of unmet informational need, informing efforts to enhance patient education. While the 

internet provides increased access to information there is concern about the accuracy of 

information found online. Health care providers should engage their patients in discussions about 

the health information found online encouraging digital literacy skills.  

Text mining methods are tools that enable researchers to organize and summarize large 

volumes of unstructured data, such as that in online forums. The importance of text mining 

methods will continue to grow within this “big data” era. Text mining methods such as topic 

modeling can also be employed in conjunction with qualitative methods. In a mixed methods 

approach, text mining techniques can provide a sampling frame from which content of interest 

can be qualitatively analyzed.15 In addition to further clarification of themes discussed in online 

pregnancy forums, large scale assessment of health information quality is also needed. Future 

research should investigate the accuracy of health information shared among peers.  

“Big data” being produced by electronic medical record systems including electronic patient 

portals also presents an opportunity to apply text mining methods. For instance, similar topic 

modeling could be performed on the unstructured text data produced through in patient and 

provider conversations within patient portals. Through examination of topics discussed in patient 

portals additional insight could be gained into unmet informational needs causing patients to 

reach out between visits. This analysis would have the advantage of known sample and practice 

demographics. These findings would have direct applications to the practice, as well as could be 

compared to those topics we see in online forums. This comparison could enhance our 
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understanding of what topics patients seek information from providers versus those sought 

primarily within peer forums.   

Perinatal Education in a Group  

Perinatal information needs identified in online pregnancy forums may be better addressed in 

GPNC, through facilitated group discussion and additional time spent with one’s health care 

provider. Patient interviews identified GPNC as offering alternative opportunities for education 

and engagement, consistent with previous research.16 Similar to online pregnancy forums, GPNC 

provides pregnant persons opportunities to listen and share with peers. This interaction may 

better meet pregnant persons desire for experiential knowledge from their peers. Some GPNC 

models have incorporated IT platforms which allow patients to connect with group members and 

providers through the online portal between group visits.17 This component may could meet 

patients desire for convivence and accessibility. Delivery of GPNC virtually is also being 

piloted.18 Lack of transportation and childcare and time constraints have commonly been raised 

as reasons for low GPNC attendance,19 and may have contributed to differential patterns of 

attendance observed among certain patient groups. Telehealth has the potential to reduce certain 

barriers to access to care such as transportation, travel time and childcare.20 Implementation of 

virtual care was accelerated in response to the COVID-19 pandemic, thus research examining the 

acceptability and tradeoff of these modalities has grown. Research should continue to explore 

technologies application to enhancing the access and quality of prenatal care both directly in 

practice and indirectly as a means better understanding patient needs through research.  

Disparities in Accessing Health information Online  

When we consider how digital health information may relate to perinatal health disparities, there 

are both reasons to believe access to digital health information will decrease health disparities 
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through the enhancement of shared decision making and informed choice and that existing health 

inequalities may be reinforced or exacerbated by inequal access.21,22  The PEW Research Center 

estimates that 93% of adults presently use the internet. Yet despite high use, adoption gaps based 

on factors such as age, income and education remain.23 A recent examination of virtual prenatal 

care suggests patients with low educational attainment were less likely to use virtual prenatal 

care and experienced significant barriers to virtual care including access to technology and a 

private space for the visit.24 As growing attention is given to the implementation of virtual care 

as an alternative to in person prenatal care visits, disparities in access and skill must be 

considered.  
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