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ABSTRACT

THE INFLUENCE OF REPRODUCTIVE ACCESS RESTRICTIONS ON HEALTH BEHAVIORS,

INFANT MORTALITY, AND PHYSICIAN SUPPLY

In the past decade, there has been an increasing focus on restriction or elimination of
abortion access in the United States. Of particular importance, the Dobbs v. Jackson Women’s
Health decision in 2022 overturned Roe v. Wade and eliminated the Constitutionally protected
right to abortion. After Roe v. Wade became law in 1973, there was an observed decline in
maternal mortality with highest impacts in Black maternal mortality, indicating differential
impact of both the restriction and removal of reproductive access. It is hypothesized that
removal of access will create many impacts and that those impacts may occur in a differential
manner. This dissertation has explored the impacts of limiting reproductive care access on
people in the United States. Utilizing a background in health policy, law, ethics, maternal mental
health advocacy and doula care, | studied how these laws have impacted populations. Trends in
out-of-state abortion seekers were analyzed corresponding with state based restrictions and the
repeal of the constitutionally protected right to abortion in the Dobbs decision from 2022.
Trends in infant mortality were studied to determine whether they are associated with state-
level abortion restrictions in both aggregate data and data which has been disaggregated by
race, ethnicity, and cause of death. Physician supply was analyzed to determine if there are
changes in the overall supply of physicians as well as within the specialty of obstetricians and

gynecologists practicing in impacted states. Reproductive care access is an essential component



of healthcare, and it is crucial to understand how changes in state and federal law are impacting

people’s health and well-being.
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PREFACE

“Held: The Constitution does not confer a right to abortion; Roe and
Casey are overruled; and the authority to requlate abortion is returned

to the people and their elected representatives”.!

The purpose of this dissertation has been to explore the association between changes in
legal abortion access and health outcomes, specifically to study the extent to which travel
behavior for abortions, infant mortality broadly and disaggregated by race, ethnicity, and cause,
and physician supply are associated with differences in state-level abortion laws in the United
States before and after the Dobbs v. Jackson Women’s Health (Dobbs) decision in 2022. The
Dobbs decision reversed the legal precedent in Roe v. Wade (Roe) finding that there was no

Constitutional right to abortion.

My interest in this work began perhaps before | was even born. My mother was sexually
assaulted and became pregnant as a result of the attack. She was able to terminate the
pregnancy, after which she reunited with my father. Were it not for access to safe, legal
abortion, her life trajectory would have been entirely different; | would never have been born.
Put simply, abortion made my life possible. This work is deeply personal to me, and ties
together my educational background, my lived experience, my research interests and my
passion in a way | could not have imagined when | began this program four years ago. | am

grateful for the opportunity to devote energy to this work.



This research has been done with a health equity lens fixed on reproductive justice; a
concept born out of Black feminism scholarship that encompasses far more than abortion.
Reproductive justice centers autonomy in decisions to have or to not have children, and the
security of being able to raise any children one has in a safe and nurturing environment.
Additionally, this work has used intentionally inclusive language with the recognition that not all

people who can become pregnant are women.



DEDICATION

This is for my daughters and for everyone who can become pregnant. May they all have the

power to determine their own fates.

Finally, this is for my Mom, who went through what she did in order to make my existence

possible.
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CHAPTER 1: INTRODUCTION

Background and Historical Context of Abortion in the United States

Abortion is defined as “the termination of a pregnancy after, accompanied by, resulting
in, or closely followed by the death of the embryo or fetus”.* Although often discussed as only
relating to elective terminations, abortion actually encompasses a broad range of pregnancy
related conditions and complications, the management of several of which are essentially the
same. This includes missed miscarriages, impending fetal demise, and ectopic pregnancies.? This
substantial overlap, coupled with vagueness and unscientific terms used in state laws, has led to
a pervasive lack of clarity for both providers and patients regarding what can and cannot be

done, dependent now on the jurisdiction the patient happens to be in at the time of the event.3

Abortion may be a complicated, emotional, and politically charged subject, but it
certainly is not new. Abortion has been a part of the reality of life for pregnant people for as
long as there have been pregnancies.* Black feminist activist and politician Shirley Chisholm
once wrote, “No matter what men think, abortion is a fact of life. Women have always had
them; they always have and they always will”> For much of the early history of the United
States, women were the primary healers within families and communities, whether as lay
midwives or in their own homes®, until the male-led development of the medical establishment
saw midwives as competition, which quickly resulted in criminalization of the practice. At the
time, physicians claimed midwives were, “dirty, ignorant, and unsafe”, in the quest to eliminate

a field dominated by Black and immigrant women’, even though in reality the use of



contaminated equipment and lack of hygiene for hospital-based deliveries spread illness and
resulted in more deaths.2 Although abortion was common throughout the 18t and 19t
century, the new medical profession set out to take over women’s reproductive healthcare,
pushing female caregivers out entirely and relegating abortion access to a secretive network
now threatened with legal consequences; one of the first major organized efforts of the

American Medical Association was to make abortion illegal.*1°

Before Roe, most people in the United States, regardless of political affiliation, believed
that abortion decisions should be between a patient and their doctor, with 68% of Republicans
and 59% of Democrats supporting privacy in decision-making.11?29) |t is also estimated that prior
to Roe, there were approximately 800,000 illegal abortions annually resulting in around 200
deaths.’> When Roe became the law of the land in 1973, it became a focal point immediately for
conservative groups determined to undermine the holding wherever possible, and ultimately, to

overturn the decision.13

Roe recognized a right to privacy under the 14™ amendment and established a trimester
framework for when and how state governments could regulate access to abortion. The Planned
Parenthood of Southeastern Pennsylvania v. Casey (Casey)** decision in 1992 restructured the
legal framework for regulation of abortion access, shifting to a viability point instead of
trimesters, and implemented the undue burden standard as it relates to restrictions. Under this
case, restrictions related to access at any point in pregnancy were permissible at the state level
so long as they did not rise to the level of becoming an undue burden to care, though that
definition was not specifically clarified and would be tested in several cases in the decades

between Casey and Dobbs. States were free to limit abortions beyond the point of viability
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entirely, a timepoint which itself is unclear and has shifted due to improvements in medical care
for very early premature births.’> Many laws states began to pass laws, referred to collectively
as targeted restrictions on abortion providers (TRAP) laws, which had arguably little or nothing
to do with abortion care or safety, such as doorway width requirements, waiting periods,
requirement of ultrasounds or incorrect scientific information to be shared with the patient,

notification laws, and more.1®

At the federal level, new restrictions enacted after Roe related to abortion have
impacted access for patients both within the United States and globally. Congress passed the
Hyde Amendment in 1976, which restricts the use of federal funds for abortion care unless
deemed medically necessary.!” Although state-level Medicaid funds can be used for abortions if
the state allows, this federal prohibition is estimated to result in the denial of care for 7.9
million low-income Americans, causing disproportionate restriction in access to people of
color.11(P251) The Mexico City Policy, also known as the Global Gag Rule, was first announced in
1984 under Reagan, and is a partisan measure under Republican administrations which blocks
US aid and use of funds for healthcare if recipient organizations abroad spend money from any
source on abortion promotion or care.'® It has already been reimplemented under the second

Trump administration.’®

A series of events surrounding the Supreme Court led to the Dobbs decision which
warrant discussion here due to their relevance in the history of abortion law, and more
generally, elections and political power in the United States. First, the Citizens United v. FEC
(2010) case held that any limitation of political contributions by corporations, labor unions, or

other collective entities violates the First Amendment.?° The Burwell v. Hobby Lobby Stores, Inc.

3



(2014) case then held that closely held corporate religious employers, now viewed as covered
by the First Amendment under Citizens, could not be required to provide contraceptive
coverage in violation of their religious freedom under the 1993 Religious Freedom Restoration

Act.2!

The composition of the Supreme Court itself played a significant role in the Dobbs
decision as well. Justice Antonin Scalia, known for his conservatism, died in February 2016. At
the time, Senate Majority Leader Mitch McConnell refused to hold confirmation hearings for
Merrick Garland, President Obama’s nominee. McConnell claimed that the rightful appointer
should be the next president, even though the election was not to be held for nine months and
the next president would not be inaugurated for almost a full year.22 McConnell successfully
blocked the nomination. Neil Gorsuch was nominated by Trump and confirmed by the Senate in
2017.23 Brett Kavanaugh was confirmed in 2018 for the seat vacated by Anthony Kennedy’s
retirement. Those two confirmations did not alter the distribution of the court given that each
time, one conservative justice was replaced by another. However, the death of Ruth Bader
Ginsburg in 2020, only six weeks before that year’s presidential election, resulted in a dramatic
change in the court. She had chosen not to retire earlier because she believed the pendulum
had swung, “about as conservative as it would get”.11(P%7) Rather than yield the nomination to
the next president this time, though, McConnell immediately held confirmation hearings and
Amy Comey Barrett was sworn in less than a week before the election, fully shifting the majority

of the court.?*

In anticipation of changes to composition of the court and in the hope that Roe would

eventually be overturned, several states began to pass trigger ban legislation.?> Creative
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lawyering in Texas removed the state as the enforcement mechanism for a six-week abortion
limit in SB8, which specified a $10,000 reward if an individual citizen won a lawsuit against
anyone accused of helping someone have abortion; essentially creating a way for people to

become abortion bounty hunters.?®

Though there were a few cases with laws challenging Roe working their way through the
federal court system in the wake of the court composition changes, the first one to make it was
Dobbs. The opinion was first leaked, then released on June 24, 2022.?7 Justice Samuel Alito
wrote, “The Constitution makes no reference to abortion, and no such right is implicitly
protected by any constitutional provision, including the one on which the defenders
of Roe and Casey now chiefly rely—the Due Process Clause of the Fourteenth Amendment.”?’
Trigger bans in some states went into effect immediately, others were subject to
implementation requirements, while other states moved to enact new restrictions in the wake
of the decision.?® Many of those bans or restrictions have been challenged through the legal
system, while others have been enjoined in the interim, or reversed then reinstituted by
different levels of courts.?® Some states have had legislative bans reversed by ballot measures.3°
As of this writing, the status of state law is still very much in flux, leading to instability and

uncertainty for providers and patients dependent on which state they are located in at any

given time.

The present research resides under this umbrella of instability and uncertainty in the
United States, with the goal of assessing how changes in travel, infant mortality, and the

distribution of physicians may be associated with changes in legal abortion access.



Gaps in the Knowledge and Importance of this Study

Given the novelty presented by the Dobbs decision and the unprecedented removal of a
federal right protected by the US Constitution, there are substantial gaps in the knowledge
about how these changes may influence health behaviors, health outcomes and structural

predictors of healthcare access in the United States.

It is important to study outcomes related to abortion access because of its role as a
crucial element of healthcare in the lives of people, because of its ability to impact economic
trajectories and educational paths, because of the influence it has on existing children’s lives,
because of the connection with mental health and food stability, because of the need for
autonomy in our healthcare decisions, because restrictions of access are likely to result in
differential impact by income, race, and ethnicity, and because a disruption of this magnitude
has the potential to changes people’s lives substantially.3! It has been previously established
that maternal mortality dropped after Roe, particularly among Black women.3? Research on the
impacts of TRAP laws and other restrictions on abortion has shown an increased risk of
cardiovascular outcomes for the pregnant individuals and is associated with increasing racial
disparities for low birth weight and prematurity.33 State-level abortion access restrictions pre-

Dobbs have also been found associated with maternal mortality rates.34

In this work, | have chosen to study three specific outcomes. First, | have elected to study
how travel behavior for people in other states into Colorado for abortion has changed after
changes to legal access in other jurisdictions. Second, | have chosen to analyze the extent to
which state-level infant mortality has been associated with abortion laws historically, and how

infant mortality may have changed after bans and other gestational restrictions were



implemented. Finally, as a predictor of healthcare access, | have elected to study the physician

supply at the state level and its association with abortion laws.

Purpose of this Study and Research Questions
Association of Abortion Laws and Travel into Colorado for Abortion

It has been documented that people seeking abortions have been traveling to Colorado
since 1967, six years before Roe.3> Colorado was the first state to legalize abortion up to sixteen
weeks, limited at the time to cases of rape, incest, fetal abnormality, or to protect the life of the
pregnant individual; abortions could only be provided after a three physician review and with
the consent of the patient’s husband as applicable.3® This bill reversed all prior Colorado laws
outlawing abortion, and resulted in patients traveling into the state for provision of services,
amounting to approximately one quarter of reported abortions in the first year.3> More recently,
Colorado has become one of the most liberal states regarding access to abortion with no
gestational limits.3” The consequence of open access means that patients requiring abortions
beyond the limits of their states, whether under Roe’s viability timepoint or later under a ban,

had a place to receive care — if they could get here.

As abortion access has been limited in surrounding states, | hypothesized that we would
find a significant increase in travel into the state of Colorado for abortions, beyond the overall
baseline established by the history of travel as described above. Colorado has been collecting
abortion data since the 1960s, some of which is available publicly, some of which is available
upon request, and some of which is not available to protect privacy of patients and for safety

concerns related to the location of providers.38 This resource provides a way to study how



abortion utilization has changed over time in datasets that include residence state as part of the

collected metrics.

It is important to study travel for abortion because it can help us to understand how
restrictions in other states are altering health behaviors and can establish that abortions are still
being done at the same levels, or perhaps even at higher numbers, regardless of whether the
location of the abortion and providers may have changed.3? It is also important to understand
that travel for abortion is limited by the constraints of reality — having the financial resources to
pay for the abortion, having additional funds to cover travel including hotel costs and food,
being able to take time off work, having childcare available for other children, being physically
well enough to travel, not being afraid of stigma or shame or potential prosecution for abortion
upon return to your home state.*® In order for people to be able to access abortion out of state,
all of those listed elements must be securely in place, and the layers of need required to travel
out of state imply heavily that those without the ability to travel are most likely to be
marginalized in other ways.*! This reality may serve to only perpetuate the marginalization of

communities even further.4?

Specific to this study, it is also important to study travel for abortion given the potential
impacts of increased demand on patients and providers within the state to which people are
traveling for abortions. Little is known about how the changes in the number of patients visiting
from out of state might burden or perhaps even overwhelm the system of care in a state such as
Colorado, and what effects that increased demand may have on state residents, both patients

and providers alike.



Association of Abortion Laws and Infant Mortality

Infant mortality is generally accepted to be a robust indicator of the overall health of a
society*®?, one that may be associated with abortion laws through several different mechanisms.
How babies fare in their first year of life can tell us a lot about how underlying structures in a
society are functioning. As we long ago experienced our epidemiologic shift in the US,* infant
mortality experienced overall declines over that period. Those declines have been helped along
by simultaneous public health interventions like clean water supplies, immunization against
infectious diseases of childhood, and food assistance.*> Overall, aggregated infant mortality
trends in the past century have tended to tell this story as well. In 2000, 7.4/1000 infants died
before their first birthday: dropping to 6.2 in 2010, and 5.2 in 2020. The decline was reassuring,
and an indicator of improving population health. In 2021, though, we began seeing increases in
infant mortality, and it is up to 5.6/1000 in 2021 and 2022.%¢ Researchers have estimated that in
the months after Roe was reversed, a 7% absolute increase in infant mortality developed in
association with changes in abortion access.*” Any increase in aggregate infant mortality
demands further exploration to determine what the drivers may be, and whether there is any

evidence of differential harm when analyzing disaggregated data.

Infant mortality may be associated with abortion access through multiple mechanisms.
Abortion access laws are shaped by politics and can be indicative of overall societal priorities
that have downstream impacts. Restrictions may have the effect of compelling higher risk
pregnancies, under-resourced pregnancies, pregnancies in fetuses and pregnant people who are
not as healthy as they ideally would be, which may increase the risk of complications, preterm

delivery and increase stress.*® In many states with bans or restrictions, there are no exceptions



for fetal abnormalities.*® Additionally, anatomy scans are not generally done until 20 weeks,
past the cutoffs in many states.*® Finally, exceptions for the health of the pregnant person can
be burdensome and difficult to meet the legal threshold, difficult for practitioners to maneuver,

and may not be as available as they appear.®®

For the purposes of this dissertation, there are three main hypotheses related to the
association between infant mortality and abortion laws. The first is that there are pre-existing
differences in state-level infant mortality when grouping states based on the level of
restrictiveness or protectiveness in their abortion laws before the fall of Roe or other substantial
changes in legal access, done by analyzing combined data for 2018 & 2019 to provide a more
stable estimate for the period before legal changes went into effect. The second is that those
differences will persist in the period after the changes in abortion access have occurred,
assessed using preliminary 2023 data. Finally, | hypothesize that the gaps between states
grouped by exposure may increase in degree over time, essentially meaning that the disparities
seen between protective and restrictive states will widen in association with these changes in
state and federal law. Given the importance of exploring data to determine if there is evidence
of differential impact, analysis includes aggregated data and data disaggregated by race and
ethnicity. Additionally, specific groups of causes of death which may be particularly associated

with abortion are explored.

Association of Abortion Laws and Physician Supply

Access to care is an essential element of healthcare®?, and it has been well established
that access is not uniform across the United States, in particular regarding access to maternity
care. It is estimated that 36% of all counties in the US were classified as maternity deserts in
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2022 by the March of Dimes, and that these maternity care desert areas have higher rates of
asthma, hypertension and smoking with lower median incomes and higher utilization of

Medicaid.>?

Physicians may choose not to practice in states that restrict their scope of care or limit
what they are able to tell patients which may run contrary to ethical imperatives.”® Some states
enacting bans use enforcement mechanisms designed to eliminate abortions towards the
physicians, including threats of licensure removal, jail time, and fines.>* Given the existing
landscape of maternity care, it is reasonable to believe that physicians, particularly obstetricians
and gynecologists (OBGYNSs), may elect to move away from abortion restrictive states, and
furthermore to hypothesize that if this begins to occur, access to care issues in these states may
worsen as a result.>® Such potential downstream impacts have been covered amply in the
media, but it is unknown whether these changes have begun to actually occur at the population
level.>®>7 It is hypothesized that states with abortion restrictions will have lower physician
supply for OBGYNs, and that the gap between restrictive and protective states may begin to

increase over time.

Study Data Sources and Overview of Methods

For the purposes of this research, abortion laws were assessed at the end of the year in
2022, allowing six months for existing trigger bans to take effect after the decision or for new
restrictions to be enacted, while also ensuring that outcome data occurred temporally after the
point in time at which legal access was evaluated. Assessment of state laws relied heavily on a

few sources including The Guttmacher Institute and Law Atlas.3”°8 Ultimately, this was a very

11



labor-intensive section of the work due to the need to investigate whether new laws were being
enforced, or whether they had been enjoined awaiting legal challenges or were subject to
change after ballot measures. This challenge often required me to obtain and read lengthy court
opinions in addition to legislative text. The exposure variable was primarily coded as a binary
variable, with the delineation based on the common interpretation of viability under Roe, 24
weeks. States that moved to enact gestational limits or a ban at any point prior to 24 weeks
were deemed restrictive, while states that either had no gestational limits or only enacted limits
at or beyond 24 weeks were deemed protective. In some states, such as Wyoming for example,
a legislative ban on abortion was not being enforced due to legal challenges in court at the time
point when laws were assessed and were thus categorized as unexposed or protective. Some
segments of the analysis utilize an exposure which was coded categorically rather than as a
binary variable. This was done to determine if the degree of restrictiveness in state laws was
associated with the changes seen in health outcomes. In those cases, the protective category
remained as described above and was coded as the reference category. Moderately Restrictive
states were categorized based on laws restricting access from after 12 weeks through 23 weeks.
Most Restrictive states were categorized here as any state with a full ban or access limitations at

any point before or until 12 weeks' gestation.

Outcome data was obtained from different sources for each section of the analysis.
Travel data was acquired upon request from the Colorado Department of Public Health and
Environment (CDPHE) Vital Statistics division.®® Infant mortality data was publicly available and
downloaded from CDC Wide-ranging ONline Data for Epidemiologic Research (CDC Wonder).4¢

Physician supply data was sourced from the American Association of Medical Colleges

12



(AAMC)*>?, which collects annual American Medical Association (AMA) survey data and makes

some of it available publicly. When appropriate, covariates were included in adjusted models.

Data for each section was first explored with descriptive statistics and visualizations
before being analyzed in statistical models chosen to best match the available data and research
guestions for each chapter. Selected methods for Chapters 2 & 3 feature model types that were
designed to analyze how changes in policy may be associated with outcomes over time. Natural
experiment methods in particular are well suited to study sudden shifts in policy or law.
Limitations

This study has potential limitations which will be described in four sections: first, as they
relate to the study design; second, as they relate to the methodology in how the exposure is
modeled; third, as there may be residual confounding present in included variables or

uncontrolled confounding from absent variables; and finally, as they relate to the data.

First, all of the selected study designs are inherently ecological in nature given the use of
aggregated state-level data. It would be inappropriate, therefore, to extrapolate these findings
to individuals. Regression methods chosen may result in small changes to effect estimates, and
when possible, sensitivity analyses have incorporated alternative choices to account for those
potential differences. Generalized estimating equations are ideally suited to large data sets, and
we are limited here by the number of jurisdictions in the United States, fifty states plus DC, as
well as by the availability of data. Given that infant mortality is a rare outcome and due to the
data suppression rules utilized by CDC Wonder, there is a higher degree of missingness in the

data than would be ideal, especially among disaggregated groups.
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Second, it must be stated that the constantly changing nature of state abortion laws is a
limitation here, as is the decision regarding how to assess the laws. To construct the exposure
variables for the analysis, it was necessary to select a timepoint at which to assess the laws. The
end of the year 2022 was selected with intention as it allowed states six months after the Dobbs
decision to allow trigger bans to take effect, or to enact new restrictions. This time selection
also occurs prior to the observation of all mortality and physician supply outcome data in the
post-Dobbs period. To be certain, laws have continued to change beyond that date, and the
later changes in laws may be influential with regard to the outcome data modeled here.
Additionally, the choice here to include only gestational restrictions in the determination of the
level of state access may be a limitation, as it does not take other mechanisms to restrict access

such as TRAP laws or denial of state Medicaid coverage for abortions.

Third, it is possible that confounding is at least partially explanatory for the associations
found in this study. With regard to included variables, it is possible that there may be some
potential for residual confounding if the variables are not accurately measured or do not
adequately capture the data. It is also possible that there are other potentially explanatory

variables that have been missed and are not included in the analysis.

Finally, there are limitations with the data which necessitate specific mention here.
Some of the outcome data used in this study is considered preliminary. CDPHE abortion data is
not expected to change much before becoming finalized, but there are likely to be changes
made to infant mortality data before it finalizes. Given the public health importance of this
work, it is worth doing the analysis knowing the preliminary nature of the data is a limitation.

Additionally, it is known that abortion data in Colorado is underreported and represents an
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undercounting. It is possible that there is a degree of misclassification in the infant mortality
data as well, as it related to the selection of race and ethnicity categories and in cause-specific

data.

Conclusion

To address the above discussed gaps in the knowledge, this dissertation is structured to
answer some of these unknowns. Chapter 2 utilized Colorado abortion data to focus on how
travel behavior from individuals out-of-state has changed in association with changes in legal
access in other states. Chapter 3 discusses how infant mortality is associated with abortion
restrictions nationwide and begins to address the question of whether there is evidence of
shifts in the overall trends in infant mortality in association with abortion law. Chapter 4
explores the association of the supply of OBGYNs, psychiatrists and family medicine physicians
with eventual abortion laws at the state-level. Finally, Chapter 5 concludes with a summary of

all the included research and suggests future directions in this area.
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CHAPTER 2: Association of Reproductive Access Restrictions and Out-of-State Abortion Care in
Colorado, an Interrupted Time Series Analysis for 2018-2024

Introduction

Abortion access is a necessary element of healthcare, the lack of which has been
deemed a public health and human rights issue by the World Health Organization.! Since 1973,
abortion access in the United States has been shaped by the Supreme Court opinion in Roe v.
Wade (Roe), which recognized a Constitutional right to abortion under the 14™ Amendment’s
privacy clause. 2 In recent years, some states passed legislation in conflict with Roe.3 Texas
passed State Bill 8 (SB8) in September 2021, which banned access to abortion once cardiac
electrical activity could be detected,* around 6 weeks after the date of the last menstrual
period. The average pregnancy is detected at 5.5 weeks.”> Given the narrow window of time to
elect to pursue an abortion and the short-term reality of pregnancy, the reverberations of the
law were felt immediately. This law was being enforced in Texas even as it conflicted with the
viability protections of Roe due to enforcement mechanisms relying on private citizens, not the
state.® In 2022, the Dobbs v. Jackson Women’s Health case overturned Roe, eliminating the
federally protected right to abortion and relegating decisions about access to the states.” Many
states had trigger bans in effect at the time Roe was overturned; others moved quickly to enact
restrictions in its wake.

Changes in state laws are frequent, with some states expanding access while others are
increasing restrictions. In some states, court challenges may be accompanied by pauses in the
enforcement of the law pending review. In other states, voters have enshrined rights under

state Constitutions that may override any legislative action. 8 As access has become increasingly
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limited in states with restrictions, we hypothesize that the number of patients seeking abortions
who travel from states with bans or early gestational restrictions to states where abortion is
legally protected would increase. It is unknown to what degree changes in travel for abortions
are in fact associated with those restrictions. One study found increased travel distance for
abortions after Dobbs®, while another estimated abortion changes using data in the immediate
period after Dobbs.® This study investigated the temporal association of changes in federal and
state law with changes in the actual number of patients travelling to Colorado, a state without

gestational limitations, for abortions.

Methods
Study Population and Design

We utilized an interrupted time series analysis to assess the association of changes in
federal and state law with travel by out-of-state residents into Colorado for abortions.
Interrupted time series methods are quasi-experimental regression discontinuity designs that
use repeated observations over specified time intervals to determine a baseline time trend and
estimate changes in trend which may be attributable to policy changes or other interventions or
treatments applied at the population level. 1312 These methods have been utilized in the past to
evaluate policy changes®3 and legislation.'* Based on the high number of terminations by Texas

residents apparent in later years of the data set, the enforcement of a restrictive abortion
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access law prior to the Dobbs decision, and exploratory analysis of the data visually (Appendix B,

Supplemental Figure B1), that state was selected for a sub-analysis in the present study.

Exposure

The exposure of interest is a binary indicator set at the month legal access to abortion
shifted, which varies depending on the level of analysis. No temporal lag was included in the
models given the immediate impacts of the law changes and the short-term nature of
termination decisions within the time-limited scope of pregnancy in general. For the Post-Dobbs
analysis, June 2022 was selected as the interruption point. In the Texas-specific analysis,
September 2021 was selected as the interruption point. Although this law was stricter than
what would have been permissible under the prevailing viability rule of Roe at the time, it was
nevertheless being enforced statewide, prompting our selection of this earlier timepoint for this

subset of the data.

Outcome

Aggregated abortion data was obtained from the Colorado Department of Health and
Environment (CDPHE) included annual counts from 1967-2023, and monthly count data for
reported clinic and office based abortions — including both procedural and medication
abortions. Monthly data included the number of patients receiving an abortion by state of
patient residence from January 2018-December 2023. Additional preliminary data for the first
six months of 2024 includes only a categorization of in-state resident or out-of-state resident.

2023-24 data is preliminary but not expected to change. In all outcome data sets, any month
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with fewer than 3 abortions for residents of a given state was unavailable. The outcome of
interest is the monthly count of abortions. There is a small percentage of abortions for which

residence data was unavailable.

Statistical Analysis
The basic form of the time series model used for all groupings of data in this study is a

Quasi-Poisson model for over dispersed count data with linear predictor:

log(E[Y(t)])=F0 + F1X(t) + B2t + B cos(2nwt) + Bssin(2nwt).

In this model, Y is the number of abortions at time point t and X(t) is a binary indicator variable
for time t being after the law change, where X=0 represents the time before the change and X=1
represents time after. The parameter 8o represents the intercept term and 81 represents the log
rate ratio of abortions before and after the laws governing access were changed. 8,t represents
time and its coefficient, modeled as a linear term. 8. cos(2nwt) and 8;sin(2nwt) taken together
represent the harmonic terms used to account for any seasonal patterns present in the data,
where w represents the frequency of the periodic component and is fixed here as 1/12.1°

The primary model for the post-Dobbs analysis includes all non-Colorado residents using
the interruption point of June 2022. Given the high number of abortions provided to Texas
residents in the data, a second post-Dobbs model based on the same interruption point was
built excluding Texas residents, as it is assumed that the trends for Texas residents will likely be

more associated with the changes in Texas law pre-dating the Dobbs decision, rather than
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Dobbs itself. As a comparison analysis for the post-Dobbs model, we also constructed models for
Colorado residents.

To determine the impacts of travel for abortions most influenced by distance, a proximal
state analysis was also designed. Proximal states are defined as those adjacent to Colorado or
adjacent to a state that shares a border with Colorado and which had greater than 50 abortions
administered to their residents in Colorado in 2022. We further delineated these states into
categories deemed protective or restrictive based on state law. Protective states are defined as
those with either no restrictions or which only limited abortion beyond 20 weeks; restrictive
states are defined as those with limitations prior to 20 weeks. In this sub-analysis, protective
proximal states include Kansas, New Mexico, and Wyoming. Restrictive proximal states include
Louisiana, Nebraska, Oklahoma, South Dakota, Texas, and Utah. Categorical assignment of states
as protective or restrictive was determined based on state laws as of the end of 2022. 1®

Models for the Texas-specific analysis use the date of SB8, September 2021, as the
interruption point. Monthly data for this group was available until December 2023. Outlier data
points before the change in law which appear in Appendix B, Supplemental Figure B1 represent
March and April 2020, when abortion clinics in the state were closed by the state government
citing Covid-19 risk. 1 Our main Texas model retains all time points, while a sensitivity model
excludes the months impacted by Covid-19 closures. This analysis also includes a negative
control model using Wyoming residents to assess the presence of any unmeasured
confounding. Wyoming was selected due to proximity to Colorado, having the second highest
number of state residents coming to Colorado historically, abortion access there had not

changed significantly in this period due to a legislative ban being deemed unenforceable until
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judicial review could be completed, and we would not expect them to be influenced by legal
changes in Texas.

Additional sensitivity analyses for both Dobbs and Texas-specific models include analyses
of data in nested time periods to monitor the changes over time, at 6 months, 12 months and
the full time period after the respective interruption points. To visualize the changes over time
and explore the relationships in the data, data was plotted using a natural spline term for time
with degrees of freedom selected a priori. Post-Dobbs visualization includes a spline fit with five
degrees of freedom for the full time period. Texas visualization includes a spline fit with five
degrees of freedom for the time period after SB8, and a linear term prior to SB8. Comparison
visualizations for both Colorado and Wyoming use 12 degrees of freedom, fit over the full
period, to allow for more seasonal flexibility present in those groupings of data.

All analysis for this study was conducted in R version 4.3.1 and used the packages broom
and tidyverse, preliminary data cleaning was performed in Microsoft Excel. This study was
deemed exempt by the Colorado State University Institutional Review Board. We adhered to the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting

guidelines.

Results

In 2018, there were a total of 8,973 reported abortions in Colorado, of which 7,902 were
provided to in-state residents. Out-of-state residents represented 12% of the total in Colorado in
2018. By 2023, the total number of reported abortions had grown to 14,481, of which 10,165

were provided to in-state residents. Out-of-state residents represented 30% of the total for
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2023. Less than 1% of data was missing information on state of residence. Preliminary
exploration of the data clearly showed overall trend of increases in abortions in recent years as
shown in Appendix B, Supplemental Figure B2. Figure 2.1 includes data visualizations for Texas
residents and its comparison state, Wyoming. Data visualizations utilizing similar models for
Colorado residents and all out of-state residents are available in Appendix B, Supplemental

Figures B3-B4.

Texas Resident Abortions in Colorado 2018-2023
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Figure 2.1: Crude monthly data for Texas resident abortions in Colorado.

The post-Dobbs analysis including Texas revealed that the number of abortions for out-
of-state residents in Colorado was more than twice as high after the Dobbs decision when
compared to the counts before Dobbs. Rate Ratio (RR): 2.14, 95% Confidence Interval (Cl): 1.54,

2.99, p<0.001. Removing Texas residents from the analysis resulted in only a nonsignificant 16%
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increase, indicating both that inclusion of Texas residents is influential, and that Texas appears
to be a major driver of the results (RR: 1.16, 95% Cl: 0.99, 1.34, p=0.067).

Proximal protective states had a statistically significant 24% reduction in abortions in
Colorado after Dobbs. (RR: 0.76, 95% Cl: 0.64, 0.92, p=0.005) Residents of proximal restrictive
states, however, were found to have 2.67 times higher counts of abortion in Colorado post-
Dobbs (95%Cl: 1.81, 3.99, p<0.001).

Nested time models showed that through the first year post-Dobbs, there was a
statistically significant increase in out-of-state residents seeking abortion in Colorado regardless
of whether Texas residents were included or not. Proximal restrictive states were found to have
statistically significant increases for all time periods, while proximal protective states showed
slightly stronger decreases over time, with a negative association becoming significant over the
full period. All model results for post-Dobbs analysis are shown in Table 2.1.

Table 2.1: Rate Ratios and 95% Confidence Intervals for Nested Time Models for the effect of change in
federal law affective reproductive healthcare access for out-of-state residents travelling to Colorado for
abortion services, 2018-2023. Time is modeled both as a linear term and as a harmonic term.
Interruption point based on Dobbs federal law change (June 2022).

All out-of- All out-of-state Proximal Proximal
state residents, Protective Restrictive
residents excluding Texas States States
including
Texas
6 months after 2.16 (1.72, 1.28 (1.08, 0.91 (0.74, 2.56 (1.83,
Dobbs 2.71), p<0.001  1.51), p=0.006  1.11), p=0.345 3.61), p<0.001
12 months after 2.01 (1.66, 1.22 (1.07, 0.85 (0.72, 2.18 (1.61,
Dobbs 2.43), p<0.001 1.40), p=0.004 1.00), p=0.051 2.97), p<0.001
Full data 2.14 (1.54, 1.16 (0.99, 0.76 (0.64, 2.67 (1.81,

2.99), p<0.001

1.34), p=0.067
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For comparison, Colorado residents had a decrease in abortions associated with the
Dobbs decision at all time points in the nested analysis, with the overall estimate ranging
between a 10-13% reduction. Colorado residents’ results are shown in Table 2.2.

Table 2.2: Rate Ratios and Confidence Intervals for the effect of the change in federal law on
reproductive healthcare access for Colorado residents, 2018-2023. Time is modeled as both a linear and
a harmonic term. Interruption point based on Dobbs federal law change (June 2022).

Rate Ratio & 95% Confidence
Interval
6 months after Dobbs 0.87 (0.79, 0.96), p=0.008
12 months after Dobbs 0.90 (0.83, 0.97), p=0.007
Full data 0.88 (0.80, 0.96), p=0.011

Texas residents were over 7 times more likely to travel to Colorado for abortions after
the enactment of SB8 as compared to before SBS8, (RR: 7.86, 95% Cl: 3.30, 20.09, p<0.001). In
the sensitivity model dropping the months of Covid-19 closures before SB8, the association
increased substantially to 13.12. (95% Cl: 6.73, 27.14, p<0.001). When modeling nested time
periods after the adoption of SBS, all options were statistically significant with strong effect
estimates. As a negative control for the impact of Texas law, there was no statistically significant
association found between Wyoming residents and Texas SB8. (RR 0.83, 95% Cl: 0.66, 1.03,
p=0.097). Results for Texas and Wyoming are shown in Table 2.3.

Table 2.3: Rate Ratios and Confidence Intervals for the effect of the change in state law on
reproductive healthcare access for Texas and Wyoming residents, 2018-2023. Time is modeled with

both a linear and a harmonic term. Interruption point based on Texas SB8 state law change
(September 2021).

Rate Ratio & 95%
Confidence Interval

Texas residents

6 months after SB8 7.27 (2.59, 22.35), p<0.001
12 months after SB8 5.25 (1.52, 21.00), p=0.016
Full data 7.86 (3.30, 20.09), p<0.001
Full data, excluding outliers (3/20 & 4/20) 13.12 (6.73, 27.14), p<0.001
Wyoming residents (negative control) 0.83 (0.66, 2.43), p=0.097
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Across most models, we found a small statistically significant positive association with
the linear term for time, indicating a long-term increase in the overall number of abortions over
time. The only exceptions to this trend were within the negative control model built for
Wyoming residents and the overall model for all out-of-state residents. Selected results for the

influence of time are presented in Appendix B, Supplemental Table B1.

Discussion

We found evidence of increased travel behavior by out-of-state residents into Colorado
for abortions associated with the Dobbs decision and determined that the main driver of that
increase were Texas residents travelling to Colorado. Models including Texas residents resulted
in much higher estimates than those excluding Texas residents. In the proximal analysis, we
observed a significant positive association in restrictive states indicating increased travel into
Colorado after Dobbs for abortions; there is a weak inverse statistically significant relationship in
protective states for the full data. This indicates that residents of protective states that had
traveled to Colorado in the past were less likely to do so in the year post-Dobbs, though the
reasons for this decrease are unclear. We suspect it may be related to increased availability and
protection of abortion access in their home states. * In association with the Dobbs decision,
Colorado residents experienced a statistically significant decrease in abortions after Dobbs,
which could be related to increased demand and lack of available appointments. ° A more
detailed analysis of changes to abortions for Colorado residents in association with Texas SB8

was conducted separately, available in Appendix A.
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Texas residents were more than 7 times more likely to travel to Colorado for abortions
after the pre-Dobbs passage of SB8. A notable downward trend for Texas residents is shown in
Figure 1 at the tail end of the study period, with a similar trend seen for all out of state residents

(Appendix B, Supplemental Figure B4).

Possible explanations include increased demand for permanent sterilization 2° or long-
term birth control.?! It is also possible that patients have become more likely to elect self-
managed abortions, with terminations occurring outside of the medical system entirely. 22
Additionally, through the use of wide-ranging shield laws in some protective states, there has
been an increase in telehealth providers meeting with patients in other states and mailing the
medications across state lines, estimated at 7,000 prescriptions a month nationwide. 2

These findings build on evidence that abortion restrictions are indeed altering patient
behavior and increasing demand on providers in protective states such as Colorado. Barriers to
care may have significant health and life impacts beyond the need to travel. In addition, there is
fear that these laws may drive physicians from restrictive states, potentially worsening access in
affected areas. %

There is early evidence of increased birth rates in affected states.?> Consequences of
being forced to continue unwanted pregnancies can include initial increases in mental distress
26 risks of preghancy complications up to and including death 2, increased risk of experiencing
poverty, and reduced employment trajectory.?® Beyond the impact to the pregnant individual,
other potential impacts include increases in utilization of the foster care system 2°, increased

risk of child poverty and negative developmental impacts on existing children.3°
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In spite of the later downward trend noted in data in the present study, it is important to
note that the overall trends have not yet returned to baseline as of mid-2024 and may
represent a permanent increase in demand within the state. Further study will help to better
understand the long-term impacts. A report from the Society of Family Planning’s WeCount
series shows an overall increase nationwide in the number of abortions since Dobbs, but a
dramatic shift in the distribution of states where those abortions are taking place.3! This finding
strengthens confidence in the conclusions found here for Colorado and indicates that other
states have likely seen demand shifts due to legal changes post-Dobbs.3%32
Strengths and Limitations

Strengths of this study include the availability of monthly data in a state where abortion
information is required to be reported. Although data for 2023-24 is preliminary, no significant
changes are expected. We were able to model time to capture both long-term time trends and
account for any seasonality present in the data.

Limitations include our exposure assessment of state laws for gestational restrictions or
bans on the procedure itself, not for practice restrictions, waiting periods, or other laws
impacting access. We lacked information on income in this dataset and available data regarding
race and ethnicity had a high degree of missingness; as a result, we were unable to determine if
there are differential impacts based on these factors. Abortion access is a crucial element of
health care, and reduced access may disproportionately impact people of color, members of
other marginalized groups, and those in lower resource settings. 33 Whenever possible, data on
travel for abortion by race, ethnicity, and income should be studied to investigate differential

impact over both the short and long term.

32



Additionally, this data source does not include self-managed abortion or any telehealth
abortions via providers outside the state of Colorado. It is also likely that the captured data
represents an undercounting of abortions due to underreporting by providers in the state.3*

We recognize that the population able to travel is not wholly inclusive of the population
that may desire abortion services. The ability to travel for abortions is determined by many
other factors, such as cost, time off work, ability to travel freely without fear of prosecution or
stigma, access to care for other children, and more. Those represented here meet those
requirements, while many others will not and thus cannot be accounted for in this study.
Furthermore, the changing legal status of access means the affected population may also
change over time.

The findings in this study indicate that patients are indeed traveling to other states for
abortions when they are able to do so, carrying practice implications for providers in both the
protective and restrictive states in addition to all the consequences for patients who are able to

obtain desired abortions and those for whom the barriers are too great.
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CHAPTER 3: Association Between Abortion Access and Infant Mortality in the US by Race,
Ethnicity and Cause

Introduction

For nearly fifty years, abortion access in the United States was shaped by Roe v. Wade
(Roe), which recognized a Constitutional right to abortion.! Roe remained law until it was
reversed in the 2022 case, Dobbs v. Jackson Women’s Health Organization (Dobbs).> Dobbs
shifted legal access decisions away from the federal government and to the states, several of
which had trigger bans in effect. Additional states moved quickly to enact gestational limitations

or bans.?

Among the concerns surrounding restrictions on abortion rights is the fear that there
may be downstream effects on infant mortality. Pre-Dobbs, access limitations were associated
with elevated infant mortality. Historically, infant mortality rates have declined over time
improvements in clean water, sanitation, and the development of vaccination against many
childhood diseases.® In the United States, the overall rate in 2021 was 5.4 deaths per 1,000 live
births, higher than in many other Western nations, though working towards the Healthy People
2030 goal of 5.0.% Infant mortality has also been differential by race and ethnicity historically.” A
fair degree of state-level variation in infant mortality rates existed pre-dating any changes to

abortion access.?

Infant mortality may be associated with abortion access through multiple mechanisms.
Abortion access limitations may compel pregnancies in individuals who are less healthy and

might have otherwise elected termination. Such pregnancies may become higher risk; it is
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estimated that approximately 12% of abortions are selected for health reasons.>'9 Several
states do not allow exceptions for fetal abnormalities.!! The standard of care for pregnancy
usually specifies the comprehensive anatomy scan is scheduled between 18-22 weeks'
gestation, beyond the cutoff to abortion in many states.'> Additionally, in states that allow
abortions to protect the health of the pregnant individual, identifying whether those legal

exceptions apply can be difficult and may result in delayed or refused terminations.!!

The objective of this study was to determine whether state-level variation in infant
mortality was associated with abortion laws, assessing associations temporally before and after
the Dobbs decision. Singh and Gallo found a 7% increase in overall nationwide absolute all-
cause mortality and a 10% increase in deaths due to congenital anomalies for specific months
after the Dobbs decision.*® This study aimed to build on those findings by using a wider range of
included data, comparing restrictive states to protective ones, disaggregating data by race and
ethnicity, and adjusting for potential confounders. Additionally, we aimed to understand how
trends in infant mortality in states affected by abortion restrictions compare to trends in

abortion protective states.

Methods

Study Population, Design and Outcomes

The study population includes all infants residing in the United States during the
combined pre-Dobbs years of 2018/2019 and in 2023. All outcome data was obtained from CDC
Wide-Ranging Online Data for Epidemiologic Research (CDC Wonder), in the Multiple Cause of

Death dataset. Data reflects deaths that occur after the time of live birth, but prior to the first
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birthday, by state of residence. We included and combined two years of mortality data pre-
Dobbs, 2018-2019, to provide a more stable estimate. These years were also chosen to avoid of
overlap with the Covid-19 pandemic which may have impacted mortality.}* Data was
downloaded as counts and as rates per 1,000 people in the under one-year population.

We first focused on all-cause infant mortality which combines all infant deaths into one
summary state-level measure. We then disaggregated data, separating rates of all-cause
mortality into the following groups: white non-Hispanic, Black non-Hispanic, other races non-
Hispanic, and Hispanic. The other race category includes the following groups: American Indian
or Alaska Native; Asian; Native Hawaiian or Other Pacific Islander; More than one race. Fewer
than 10 observations in any category resulted in full suppression of the data, fewer than 20
observations resulted in rates being deemed unreliable, and thus unavailable.'® Due to infant
mortality being a rare outcome, any further disaggregation by race and ethnicity would have
greatly increased the degree of missingness, and we were unable to explore race/ethnicity with
a greater degree of granularity.

In addition to the all-cause mortality analysis, we assessed cause-specific infant
mortality rates for deaths coded with P-codes and Q-codes under the International Classification
of Diseases (ICD-10) system.® P-code deaths include causes of death originating in the perinatal
period, defined as the time from before birth through 28 days after birth. Q-code deaths include
causes of death related to congenital abnormalities, deformities, chromosomal issues, and
related conditions. A list of summary cause-of-death codes that fall into these cause of death
categories is available in Appendix C, Supplemental Table C1. These were selected to explore the

possibility that deaths for these causes may be associated with differences in abortion access.
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Exposure of Interest

The exposure of interest are state-level abortion gestational limits or bans assessed at

the end of 2022, selected for two reasons: first, to allow six months post-Dobb for enaction of

trigger bans or other new restrictions; second, to address the need for temporality and ensure

the exposure occurred before any 2023 deaths. The exposure was classified as a binary variable

and as a three-level categorical variable for sensitivity analysis as described below.

Abordion Access,
Binciry Expioaure,
Azzessed ol Year End
2022

T dmahiotee
Sabes
Bl Erofective Siotss

Croaid wih monc et

Figure 3.1: Map of United States plus District of Columbia Showing Binary Exposure of State-Level
Abortion Access Assessed at Year End, 2022. Restrictive states are those that either had a total ban or

gestational limitations before 24 weeks/viability. Protective states are those that either had no

gestational limits or only imposed limits at or after 24 weeks/viability. Map created using mapchart.net.

The binary indicator of state-level abortion laws is designed as a logic term with exposed

and unexposed states. States without restrictions, or that only had limitations beyond the point
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of viability or 24 gestational weeks, were considered unexposed or protective. States with bans
or restrictions limiting abortion at any point in pregnancy prior to viability or 24 weeks were
considered exposed or restrictive. States with restrictions or bans deemed unenforceable
pending judicial review, were considered protective. Figure 3.1 shows binary state-level abortion
laws.

Sensitivity models used categorical exposure, which allowed us to groups states to
analyze whether the degree of restriction was associated with differences in mortality. States
were assigned to one of three groups, again based on the status of access at the end of 2022.
Protective states were again defined as those either without gestational restrictions or which
limit access only after viability or 24 weeks, considered unexposed, and set as the reference
category. Moderately Restrictive states had laws restricting access from after 12 weeks through
23 weeks. Most Restrictive states were those with a full ban or access limitations at any point
before or until 12 weeks' gestation. Appendix C, Supplemental Figure C1 shows the categorical

state map.

Covariates

Adjusted models included covariates chosen to address potential state-level
confounding. The diversity index is a calculated measure created by the US Census Bureau,
included here to account for difference in the racial and ethnicity compositions of states.’® Pre-
pregnancy Body Mass Index (BMI) is included as a predictor of potential pregnancy
complications,*®obtained from the CDC Wonder birth database representing the state-level

average for 2018-2023.1> Smoking rates during pregnancy were obtained from the National
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Center for Health Statistics for 2021.1> State-level poverty rates for 2022 were obtained from
the US Census Bureau.? Finally, the state-level total fertility rate was included to account for
both the age of the pregnant individual and as a measure of parity, as having more children is
directly connected with being older at the time of the most recent pregnancy. This data was
obtained from a National Vital Statistics Reports issued in 2022.%! Total fertility rates are
described as the number of lifetime births per 1,000 women given current birth rates by age for

each state.

Statistical Analysis

We first compared mortality rates before and after Dobbs using t-tests to determine if
there were significant differences in the rates when comparing protective and restrictive states.
Next, we constructed separate pre-Dobbs and post-Dobbs Poisson regression models for each
time point utilizing count data with a population offset term, which allowed adjustment for
populational distribution differences among the states. Finally, we compared the data over time
using generalized estimating equations (GEE) to determine if there was any evidence of a
change in mortality rates comparing protective and restrictive states between the pre-Dobbs
timepoint and post-Dobbs time point, based on a product term between the binary abortion
law exposure and pre-post time indicator in the model. GEEs account for correlation in data
structures; here we utilized an exchangeable correlation structure with log link.2%23 This
approach can be useful in policy analysis allowing comparison of differences in pre- and post-
policy trends in ‘exposed’ and ‘control’ units.?* GEE models utilized provided mortality rates per

1,000 people in the under one-year population on July 1.
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Analysis for this study was conducted in R version 4.3.1 using the packages broom and
tidyverse, preliminary data cleaning was performed in Microsoft Excel. This study was deemed
exempt by the University Institutional Review Board. We adhered to the Strengthening the

Reporting of Observational Studies in Epidemiology (STROBE) reporting guidelines.

Results

Table 3.1 includes information on all covariates and time-specific infant mortality rates
by binary exposure, with p-value for the difference between them using t-tests. There were
statistically significant differences in the mean covariate values for all variables with the
exception of the diversity index. Appendix C, Supplemental Table C2 includes details grouped by

categorical exposure.

Table 3.1: Mean covariate values and mortality rates categorized by binary exposure. P-values
shown are from t-tests comparing the values and rates between protective and restrictive
states.

Protective States + | Restrictive p-value
DC (N=26) States (N=25)
Covariates
Diversity Index 52.0 46.7 0.2
Average Pre-Pregnancy BMI | 27.3 27.0 0.001
% Smoking During 5.0 7.2 0.02
Pregnancy
Poverty Rate 11.2 135 0.001
Total Fertility Rate 1560 1770 <0.001
2018/2019 Mortality Rates
(per 1000 in the <1yr
population)
All-Cause, Aggregated 5.1 6.4 <0.001
Disaggregated by
race/ethnicity
Non-Hispanic Black 11.3 133 0.01
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Non-Hispanic White 4.1 5.3 <0.001

Hispanic 5.0 5.4 0.2
Non-Hispanic Other 4.5 53 0.1
Races
Cause-Specific, Aggregated
P-Codes 2.5 2.9 0.01
Q-Codes 1.0 1.4 <0.001

2023 Mortality Rates (per

1000 in the <1yr population)
All-Cause, Aggregated 4.8 6.3 <0.001
Disaggregated by

race/ethnicity

Non-Hispanic Black 8.5 11.6 <0.001
Non-Hispanic White 4.0 5.2 <0.001
Hispanic 4.9 5.9 0.01
Non-Hispanic Other 34 5.9 <0.001
Races
Cause-Specific, Aggregated
P-Codes 2.4 3.0 <0.001
Q-Code 0.9 1.3 <0.001

Higher infant mortality rates were found across most groups of data for restrictive states
when compared with protective states both before and after Dobbs, demonstrating that
differences in state-level mortality rates associated with variation in abortion laws post-Dobbs
existed pre-Dobbs, and that those differences persisted after the decision. This data also shows
wide differences in mortality rates for groups disaggregated by race and ethnicity, highest
among non-Hispanic Black infants when compared with other groups in both protective and
restrictive states. The only groups found not to have significant differences were the Hispanic
and Non-Hispanic Other Races groups in the 2018/2019 pre-Dobbs data. When we look at both
timepoints, we see that while overall all-cause and most disaggregated groups are continuing to
experience declining infant mortality over time, this is not the case in all groups. Crude infant

mortality rates appear higher for Hispanic infants, non-Hispanic Other Races infants, and P-code
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mortality in 2023 than in 2018/2019 for restrictive states. Figure 3.2 shows the annual mortality
rates visually for restrictive and protective states from 2018 to 2023 in aggregate, as well as

disaggregated by race and ethnicity.

Restrictive States Protective States

~

10.0- 10.0- colour
All Cause
Hispanic

7.5- Non-Hispanic Black

Rate per 1,000
Rate per 1,000

- Non-Hispanic White

Non Hispanic Other Races
50- . - — - 5.0-

2018 2019 2020 2021 2022 2023 2018 2013 2020 2021 2022 2023
year year

Figure 3.2: Unadjusted nationwide infant mortality rates 2018-2023, shown in aggregate and
disaggregated race and ethnicity groups, faceted by binary abortion law exposure.

Results from Poisson models comparing restrictive states to protective states are
presented both as crude estimates and adjusted estimates in Table 3.2. For pre-Dobbs overall
all-cause data, restrictive states had 31% higher infant mortality than protective states in
unadjusted models (Rate Ratio [RR]: 1.31, 95% confidence interval [Cl]: 1.19, 1.43, p<0.001),
and 18% higher infant mortality in adjusted models (RR: 1.18, 95% CI: 1.07, 1.30, p<0.001). In
disaggregated models, statistically significantly higher mortality was identified in all race and
ethnicity groups except non-Hispanic other races. In cause-specific models, there was
significantly higher mortality in restrictive states for both perinatal-related deaths and

congenital/chromosomal abnormality related deaths.
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Table 3.2: Rate ratio, 95% confidence interval and p-value for Poisson regression models using
annual state-level count data with population offset, shown with crude estimates, adjusted
estimates, and p-values, comparing restrictive states to protective states for each timepoint.

2018/2019 2023
Crude Adjusted Crude Adjusted
All-Cause, Aggregated | 1.31(1.19, 1.18 (1.07, 1.41 (1.37, 1.26 (1.21,

Disaggregated by
race/ethnicity
Non-Hispanic Black

Non-Hispanic White

Non-Hispanic Other
Races

Hispanic
Cause-Specific,
Aggregated

P-code

Q-code

1.43), p<0.001

1.18 (1.14,
1.22), p<0.001
1.32 (1.28,
1.36), p<0.001
1.19 (1.11,
1.28), p<0.001
1.15 (1.11,
1.20), p<0.001

1.22 (1.18,
1.25), p<0.001
1.36 (1.31,
1.53), p<0.001

1.30), p<0.001

1.18 (1.12,
1.25), p<0.001
1.16 (1.11,
1.22), p<0.001
1.11 (0.99,
1.24), p=0.07
1.09 (1.01,
1.16), p=0.02

1.20 (1.15,
1.25), p<0.001
1.14 (1.06,
1.21), p<0.001

1.48), p<0.001

1.34 (1.27,
1.42) p<0.001
1.39 (1.32,
1.45), p<0.001
1.46 (1.32,
1.61), p<0.001
1.29 (1.22,
1.37), p<0.001

1.32 (1.27,
1.37), p<0.001
1.43 (1.34,
1.53), p<0.001

1.32), p<0.001

1.30 (1.21,
1.41), p<0.001
1.21(1.12,
1.29), p<0.001
1.26 (1.07,
1.48), p=0.005
1.21 (1.10,
1.33), p<0.001

1.31 (1.24,
1.40), p<0.001
1.20 (1.09,
1.33), p<0.001

In post-Dobbs models, all point estimates increased relative to the pre-Dobbs point

estimates indicating even higher mortality in restrictive states when compared to protective

states. The overall all-cause infant mortality was found to be 38% higher in the crude model (RR:

1.38,95% Cl: 1.34, 1.41, p<0.001), and 23% higher in the adjusted model (RR: 1.23, 95% Cl:

1.18, 1.28, p<0.001). All-cause aggregated infant mortality thus went from an 18% difference

before Dobbs to a 23% difference after Dobbs. All models in the post-Dobbs period held

significant results, with the restrictive states having higher infant mortality across all groups

disaggregated by race and ethnicity as well as in cause-specific models.
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Our sensitivity analysis for the Poisson models explored whether there were differences
in the degree of limitation in abortion laws for categorical models revealed that states classified
as moderately restrictive states had uniformly higher infant mortality when compared to the
reference protective states for all crude and adjusted models. Results for most restrictive states
were less consistent as some models yielded non-significant findings for data disaggregated by

race and ethnicity. Categorical sensitivity results shown in Appendix C, Supplemental Table C3.

Results from GEE models aiming to assess if differences between restrictive and

protective states changed after Dobbs are summarized in Table 3.3.

Table 3.3: Rate ratio, 95% confidence interval and p-value for product term in generalized
estimating equation models using annual state-level mortality rates, shown with crude and
adjusted estimates, comparing restrictive states to protective states over time. The product term
estimates shown here represent the interaction between binary abortion law exposure and
time.

Crude Adjusted
All-Cause, Aggregated 1.05 (0.97, 1.13), p=0.23 0.95(0.89, 1.01), p=0.21
Disaggregated by
race/ethnicity
Non-Hispanic Black 1.17 (1.06, 1.29), p=0.002 1.18 (1.06, 1.30), p=0.001
Non-Hispanic White 0.98 (0.91, 1.06), p=0.68 0.98 (0.91, 1.06), p=0.67
Non-Hispanic Other Races | 1.36 (1.16, 1.60), p<0.001 1.39(1.18, 1.63), p<0.001
Hispanic 1.60 (0.88, 2.91), p=0.12 1.60 (0.88, 2.92), p=0.12
Cause-Specific, Aggregated
P-Code 1.07 (0.97, 1.19), p=0.18 1.08 (0.97, 1.20), p=0.14
Q-Code 0.99 (0.89, 1.10), p=0.88 0.99 (0.89, 1.11), p=0.90

Overall aggregated all-cause mortality analysis results were not consistent with a change
in differences over time, but Non-Hispanic Black and non-Hispanic Other Races groups were
both found to have indications of diverging mortality trends going from pre-Dobbs to post-

Dobbs in restrictive states when compared with protective states in both the crude (RRs 1.16

47



(95% Cl: 1.05, 1.27, p=0.003) and 1.26 (95% Cl: 1.06, 1.51, p=0.01) respectively) and adjusted
models (RRs 1.16 (95% Cl: 1.06, 1.28, p=0.002) and 1.31 (95% Cl: 1.09, 1.56, p=0.004)

respectively). Categorical sensitivity model results shown in Appendix C, Supplemental Table C4.

Discussion

Abortion restrictive states had higher infant mortality compared to protective states,
both before Dobbs decision and afterwards. We found evidence of disparities in mortality rates
for non-Hispanic Black infants when compared with other groups in both protective and
restrictive states, with non-Hispanic Black infant mortality approaching double the rates of other
groups, indicating that there is substantial work to be done towards achieving the twin aims of
public health.?> Declining infant mortality overall is one of the twin aims where substantial
progress towards has been made, but the second aim of decreasing disparities between groups
remains a clear issue in this respect nationwide, one that we must be called upon urgently to
address.?® We observed evidence that some of the crude mortality rates between pre-Dobbs
and post-Dobbs in disaggregated groups appear to have stopped decreasing and may have
begun to trend upwards, which are potential signals of changes running counter to the overall

goal of reducing infant mortality and ensuring those benefits are equitable in nature.?’

When comparing restrictive states to protective states in adjusted Poisson models, we
found higher infant mortality at both time points in restrictive states, with higher point
estimates in the post-Dobbs models. We did not find evidence of significant change in the
differences between states over time when looking at aggregated data, however there was

evidence of a widening gap in data disaggregated by race and ethnicity, specifically pertaining to
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non-Hispanic Black and non-Hispanic Other Race groups. Our results provide early indications
that these changes may lead to even greater racial and ethnic disparities, demonstrating the

need to look beyond aggregated data®3 for a fuller picture of changes in infant mortality.

We were primarily interested in all-cause mortality for our analysis because it is a broad
general measure of population health?, but we also wanted to look specifically at causes of
death which are the most likely to be related to changes in abortion access?’. We observed
higher perinatal-related mortality in restrictive states compared to protective ones. Deaths
related to congenital conditions were also found to be higher in restrictive states, with no

current evidence of change in the gap between restrictive and protective states over time.

Strengths of this study include the use of nationwide data from CDC Wonder, the ability
to disaggregate the full data set by race and ethnicity as well as look at specific causes of death
to explore whether there was evidence of differences among groups. We were also able to
utilize different model types to compare state-level mortality by abortion law exposure and

analyze those trends over time. Additionally, we included a robust list of potential confounders.

Limitations include the data suppression rules utilized by CDC Wonder, which leads to
some missingness among disaggregated data groups especially given that infant mortality is,
thankfully, a rare outcome. We were also unable to utilize rate data using births instead of the
estimated population as the denominator as it is unavailable for any disaggregated groups.3° We
recognize there may be inconsistencies in how accurately cause-specific coding is reported,

which could result in outcome misclassification; all-cause data is more likely to be accurate
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given that it is easier to identify whether a death occurred than it is to accurately document a

cause3l.

The need to assess state laws at a point in time to create the exposure variable is a
limitation here given the constantly evolving nature of state laws. We did not include other legal
mechanisms that might also impact abortion access such as facility requirements or waiting
periods. Finally, there is potential for unaddressed confounders and residual confounding
particularly regarding the Diversity Index and its ability to represent the demographic
breakdown of each state. With respect to comparison of trends between states over time it is
unlikely that any time-varying confounders would coincide with Dobbs in a way that can explain
observed differences in outcome trends between protective and restrictive states over what is a

relatively short period of time.

Results found in this study may require changes in prioritization of public health efforts,
both to address the changes in infant mortality overall in affected states, but also specifically to
address the differential impact based on race and ethnicity, as well as cause-specific mortality
increases we are seeing for perinatal related deaths. Providers, policymakers, and other
stakeholders in these areas need to be aware of these changes and should make decisions
accordingly to ensure the best care possible for pregnant individuals and children born in these

states.

Conclusion

We found substantial evidence of higher infant mortality rates in states with restrictive

abortion laws as compared to protective states both before and after Dobbs, as well as signals
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that may indicate the gaps between those states have increased since Dobbs in some
ethnic/racial groups. In particular, we identified early evidence that gaps may be widening for
non-Hispanic Black and non-Hispanic Other Races groups. The public health policy implications
here are profound as abortion restrictions may be exacerbating existing disparities in infant

mortality.
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CHAPTER 4: The Association of Abortion Restrictions and Physician Supply in the United States
The Association of Abortion Restrictions and Physician Supply in the United States

Introduction

On June 24, 2022, the Dobbs v. Jackson Women’s Health* decision overturned Roe v.
Wade?, resulting in the unprecedented removal of the federally protected right to abortion, and
shifting decision making about abortion access to the states. This decision, along with actions
taken to limit abortion access before and since, have elicited concerns of downstream effects
rippling through society. A major concern relates to the available supply of physicians in
association with the level of abortion restrictions, primarily within the specialty of obstetrics
and gynecology (OBGYN). There has been substantial media coverage surrounding fears that
changes in legal access may drive physicians, specifically OBGYNs, from abortion restrictive
states,>* while other media reports have focused on physicians determined to remain in

restrictive states to ensure adequate care for patients.”

Prior studies have found that practice location for physicians is influenced by the types
and structure of health insurance coverage in an area® and may be associated with state-level
malpractice laws for some specialties, though not OBGYNs.” Specifically, OBGYN rates are
known to vary geographically in association with rurality®, directly related to concerns about

maternity care deserts and travel distance required for care.’

Access to care is an essential element of healthcarel?, and it has been established that
access is not uniform across the United States, in particular regarding access to maternity care,

and especially among rural areas.’ It is estimated that 36% of all counties in the US were
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classified as maternity deserts in 2022 by the March of Dimes, and that these maternity care
desert areas have higher rates of asthma, hypertension and smoking with lower median
incomes and higher utilization of Medicaid.!! State-level abortion access and practice
restrictions prior to the Dobbs decision have been found associated with fewer doctors, higher
maternal mortality and higher infant mortality.'>'2 Were physicians to leave impacted states in
high enough numbers after Dobbs, there is a possibility that these documented geographic

shortages could be made worse.

The variation in and changing nature of state abortion laws brings uncertainty for
providers who may be unsure of the scope of limitations on practice, what the enforcement
mechanisms for any violation may be, where the burden of proof lies in contested claims of
violation of the law, and potential threats of imprisonment, fines, and removal of the license to
practice medicine. Consequently, there have been concerns regarding scope of practice, delays
in care to determine legality of treatment, and in some cases restrictions on care provided to

patients for obstetric emergencies.'*

Of particular interest here, one study used administrative data to determine if there was
any evidence of OBGYNs moving from states with abortion bans to abortion-rights protective
states, finding no evidence that this has begun to occur, though the authors hypothesize that
the workforce impact of abortion bans may take years to manifest.’> Qualitative studies indicate
that family medicine physicians are worried about the erosion of trust between doctors and
patients due to abortion restrictions, and have concerns regarding training competencies
impacting the workforce long-term.® The quantitative association of family medicine and other

specialties with abortion law is unknown. To address this gap using data from a different
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source, our study uses physician data collected by the American Medical Association (AMA) and
expands the scope of the research to include other clinical specialties that may be associated

with abortion law, psychiatrists and family medicine/general practice (family medicine).

Methods

Study Population and Outcome

The study population includes nearly all practicing physicians in the United States in the
American Medical Association Physician Professional Data (AMA PPD)Y’, which includes both
member and nonmember physicians. AMA PPD data is then made available by the American
Association of Medical Colleges (AAMC) in aggregate and released annually on their website,
where it is posted as the number of total physicians in each state and the District of Columbia
(DC) within each specialty®®. Data reflecting the pre-Dobbs timepoint was collected from the
AMA Physician Masterfile on December 31, 2018. The physician workforce datafile was
downloaded for each state and DC separately. The data for the post-Dobbs timepoint was
collected from the AMA PPD on December 31, 2023.18 We collected information about four
groups of physicians: OBGYNs, family medicine (general practice physicians are included in the
category of family medicine here), orthopedic surgeons, and psychiatrists (including addiction
medicine, addiction psychiatry, psychiatry, psychoanalysis and psychosomatic medicine). Our
primary focus pertains to OBGYNs under the hypothesis that this is the group most likely to
experience changes in practice location in association with changes in abortion law given the
mechanisms outlined above. We selected family medicine physicians and psychiatrists to

explore whether there is any evidence of an association among these specialties with abortion
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laws given their potential proximity to abortion care.'®'° Finally, orthopedic surgeons were
selected as a negative control group under the hypothesis that they are unlikely to have their

practice locations associated with any differences in abortion law.

Exposure of Interest

The exposure of interest is a binary logic variable constructed to represent state-level
abortion law pertaining to gestational limitation on access, assessed at December 31, 2022. This
date was selected for ascertainment of state law for two reasons. First, this point in time
occurred six months after the Dobbs decision, allowing trigger bans sufficient time to go into
effect in states that already had them in place, while also allowing states time to enact new
restrictions in the wake of the decision. Second, this date was chosen for temporality such that
data representing our post-Dobbs timepoint was collected one full year after the date of
exposure assessment. States that eventually enacted and were enforcing any ban or gestational
restrictions before 24 weeks at the time of assessment were considered exposed or restrictive,
while states that either had no gestational limitations on access or only after 24 weeks were

considered unexposed or protective.’° The geographic distribution of states is shown in Figure
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4.1. Twenty-five states plus the District of Columbia are categorized as protective, while the

remaining twenty-five states are categorized as restrictive.

Abortion Access,

Binary Exposure,

Assessed at Year End
022

[ Restrictive
Slales

Il Frolective States

Credted with mapchart net

Figure 4.1: Map of United States plus District of Columbia Showing Binary Exposure of State-
Level Abortion Access Assessed at Year End, 2022. Restrictive states are those that either had a
total ban or gestational limitations before 24 weeks/viability. Protective states are those that
either had no gestational limits or only imposed limits at or after 24 weeks/viability. Map
created using mapchart.net.

Covariates

Adjusted models included covariates chosen to account for any potential that these
variables may be partially explanatory in any association found between abortion laws and

physician supply due to upstream common causes relating to the economy and healthcare
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structures within each state. Covariates included are the mean state-level salary for each
specialty and the number of staffed hospital beds per 100,000 in the population for each state.
Salary information was obtained from the Bureau of Labor Statistics Occupational Employment
and Wage Statistics Survey from 2020, which represents an average of three years of data.?!
Data on the number of staffed hospital beds was obtained from the American Hospital
Directory, which was converted based on state population for appropriate comparison.??
Population offset terms were added to adjust for populational differences among the states,

using estimates from the United States Census for each year.?*%

Statistical Analysis

To determine the extent to which variation in physician supply is associated with
abortion laws, we first compared state-level physician rates for each specialty before and after
Dobbs using t-tests to determine if there were significant differences in the rates when
comparing protective and restrictive states. We then fit negative binomial regression models to
compare the number of physicians in each specialty before and after the Dobbs decision,
incorporating an offset term which allows for adjustment for populational distribution
differences among the states. Model results compare restrictive states to protective states and
are presented both as crude and adjusted estimates. As sensitivity analysis Quasi-Poisson
regression models were constructed for post-Dobbs physician data. Finally, a combined
exposure metric was created to include both state-level abortion laws and state-level policy
tallies measuring protectiveness or restrictiveness of the LGBTQ+ community, as measured by

the Movement Advancement Project, under the assumption that the two types of laws together
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represent the level of restriction on autonomy within each state?. A detailed description of the

combined exposure category levels is included in Appendix D, supplemental materials.

Analysis for this study was conducted in R version 4.3.1 and used the packages broom
and tidyverse, preliminary data cleaning was performed in Microsoft Excel. This study was
deemed exempt by the Colorado State University Institutional Review Board. We adhered to the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting

guidelines.

Results

For both timepoints studied in this analysis, the mean rate of physicians per 100,000 in
the state population was found to be higher in protective states than in restrictive states for all
specialties selected. When using a t-test, this difference was statistically significant for OBGYNs,
psychiatrists, and orthopedic surgeons. Restrictive states have a higher mean number of staffed
hospital beds per 100,000 residents than protective states. Salary information is included in
Table 4.1 as well, with no significant differences between protective and restrictive states. All

descriptive statistics are shown in Table 4.1.
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Table 4.1: Mean crude rate of physicians and staffed hospital beds per 100,000 residents, and
mean salary per specialty, categorized by binary exposure. P-values shown are from t-tests
comparing the values and rates between protective and restrictive states.

Total Protective Restrictive p-value
States + DC States
OBGYNs 2018 12.9 14.7 11.1 <0.001
2023 13.0 14.8 11.1 <0.001
Family medicine 2018 39.3 40.7 39.1 0.595
2023 41.2 42.2 40.2 0.537
Psychiatrists 2018 11.8 15.5 8.0 <0.001
2023 12.1 15.7 8.4 <0.001
Orthopedic 2018 6.4 6.9 5.9 0.003
s 2023 6.2 6.7 5.8 0.004
Staffed hospital 216 199 233 0.013
beds
OBGYN salary 290,000 292,000 288,000 0.748
Family medicine 246,000 240,000 252,000 0.341
salary
Psychiatrist salary 236,000 240,000 233,000 0.618
Orthopedic 372,000 373,000 372,000 0.966

surgeon salary

Results from negative binomial models with a population offset comparing restrictive
states to protective states are presented both as crude estimates and adjusted estimates in
Table 4.2. For pre-Dobbs 2018 data, we see that overall, states which later became abortion-
rights restrictive were found to have a 24% (Rate Ratio (RR): 0.76, 95% Confidence Interval (Cl):
0.69, 0.84, p<0.001) lower rate of OBGYNs when compared to protective states in crude models,
and a 28% (RR: 0.72, 95% Cl: 0.65-0.80, p<0.001) lower rate in adjusted models. Models for

OBGYNs in 2023 yielded nearly identical results. The number of family medicine providers was
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found not to be associated with the later divergence in abortion restrictions at either time
point. The number of psychiatrists was highly significantly associated with eventual differences
in abortion restrictions both before and after the change in legal access, with a 52% lower rate
of psychiatrists found in adjusted 2023 models comparing restrictive states with protective ones.
Finally, orthopedic surgeons were found to be associated with 2022 abortion laws only in crude
models. Adjusting for other potential confounders resulted in confidence intervals crossing the

null for both time points. All model results are shown in Table 4.2.

Table 4.2: Rate ratio and 95% confidence interval for negative binomial regression models using
annual state-level physician count data with population offset, shown with crude and adjusted
estimates, comparing restrictive states to protective states for each timepoint.

2018 2023

Crude RR and

Adjusted RR

Crude RR and

Adjusted RR

0.84), p>0.001

0.80), p<0.001

0.84), p<0.001

95% Cl, p- and 95% Cl, 95% Cl, p- and 95% Cl,
value p-value value p-value
OBGYNs 0.76 (0.69, 0.72 (0.65, 0.76 (0.68, 0.71 (0.64,

0.78), p<0.001

Family Medicine

0.96 (0.83,
1.12), p=0.597

1.03 (0.87,
1.22), p=0.916

0.95 (0.82,
1.11), p=0.534

1.01 (0.85,
1.20), p=0.913

Psychiatrists

0.52 (0.43,
0.63), p<0.001

0.46 (0.38,
0.56), p<0.001

0.54 (0.44,
0.65), p<0.001

0.48 (0.39,
0.57), p<0.001

Orthopedic Surgeons

0.88 (0.82,
0.95), p=0.002

0.92 (0.83,
1.03), p=0.916

0.89 (0.82,
0.96), p=0.004

0.91 (0.81,
1.01), p=0.079

Sensitivity models based on 2023 physician data using an alternative model type for

comparison show similar results (Table 4.3), with significant associations again identified in

adjusted models for OBGYNs and psychiatrists. The sensitivity model built using the combined
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exposure metric including LGBTQ+ policies showed that progressing to higher levels of
autonomy restriction yielded an increasingly large difference in the supply of OBGYNs in 2023
data in comparison to abortion and LGBTQ+ rights protective states. All combined exposure

metric results are shown in Appendix D, Supplemental Table D2.

Table 4.3: Rate ratio and 95% confidence interval for Quasi-Poisson regression sensitivity models
using 2023 physician count data with population offset, shown with crude and adjusted
estimates, comparing restrictive states to protective states for each timepoint.

Crude RR and 95% Cl, p-value Adjusted RR and 95% Cl, p-value
OBGYNs 0.81 (0.75, 0.88), p<0.001 0.80 (0.74, 0.86), p<0.001
Family Medicine 0.95 (0.84, 1.08), p=0.433 0.98 (0.86, 1.12), p=0.773
Psychiatrists 0.56 (0.46, 0.67), p<0.001 0.50(0.42, 0.61), p<0.001
Orthopedic Surgeons | 0.91 (0.84, 0.97), p=0.018 0.94 (0.85, 1.05), p=0.289
Discussion

Our nationwide analysis shows that there are statistically significant lower numbers of
OBGYNs in states that become abortion-rights restrictive compared to those defined as
abortion-rights protective in adjusted models both before and after changes in abortion law in
the wake of Dobbs. The differences identified do not indicate that there has been any significant
change between 2018 and 2023, with essentially the same results found year to year — for now.

This finding is in agreement with a similar study of OBGYNs using administrative data.?®

Similarly, psychiatrists were found to be significantly associated with the level of
abortion laws both before and after Dobbs, with no evidence to indicate that there have been
meaningful changes over time. Protective states were found to have more than twice the
number of psychiatrists per 100,000 compared to restrictive states. In contrast, the supply of

family medicine physicians was not found to be associated with eventual abortion laws and the
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supply of orthopedic surgeons was only associated in unadjusted crude models. The association
between orthopedic surgeons and abortion laws was not statistically significant in adjusted

models, indicating that the covariates were at least partially explanatory for that relationship.

Associations identified in this study among OGBYNs and psychiatrists with the binary
measure of abortion law cannot be described as causal in nature, nor should they be
interpreted as such, particularly for 2018 data, given that the laws had not changed at that time
point and neither group could have been exposed. Instead, the identified associations are likely
related to state-level mechanisms that eventually played a role in whether new gestational
limitations or bans on abortion access were implemented, namely rurality?’, and the interplay

between political partisanship and religion.?®

As discussed by Strasser et. al, the lack of any measurable change in practice location
nationwide among OBGYNs here may simply reflect the short timeframe since legal changes
have taken effect?®, particularly given that the available data reflects the end of 2023, lagging
behind current reality by over a year as of this writing. There is the possibility that there may
have been more movement in the intervening time since that data was collected. 2024 AMA

PPD data will likely not be available on the AAMC website until November 2025.%8

This dataset includes only currently practicing physicians, not those in early career
training, and represents those who have already chosen a practice location. Moving is a large
undertaking for those in settled career stages, involving selling and buying homes,

considerations related to medical licensure in other states, and partner/family dynamics. It has
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been demonstrated that younger OBGYNs are more likely to relocate, and those moves tend to

be more frequently towards urban areas with lower poverty.?®

Regarding the future supply of OBGYNs, one study found a small but statistically
significant decrease in OBGYN residency applications in association with abortion restrictions
when comparing applications from the 2023 application cycle to those from the prior year
before the Dobbs decision, which may indicate fewer future physicians desiring a location with
abortion restrictions.3° It is important to recognize that state-level restrictions on access to
healthcare also impact physicians themselves when they interface with the system as patients
rather than as providers, which may be an additional motivating factor in decisions about

practice location.3!

Although we did not find evidence of worsening supply in association with abortion laws
nationwide, there are indications that it has substantially worsened in individual states. Idaho in
particular is seeing dramatic declines in the rates of OBGYNs3233, and closures of hospital labor
and delivery units.3* Of concern, Idaho has the lowest percentage of currently practicing
OBGYNs under the age of 40 in the nation, at only 5.7% in comparison to the nationwide

average of 14.9%,'® which may predict worsening shortages in the future.

Strengths of this study include the use of physician reported data gathered by the AMA,
the largest medical association in the country, robust statistical methods and sensitivity analysis.
Our ability to include anti-LGBTQIA+ legislation in the combined exposure metric models as an

additional potential explanation for the differences in state-level physician supply here is a

66



strength given that both types of laws have similar mechanisms restricting autonomy,

connected to upstream common causes.

Limitations here may include confounding by unaccounted variables and the possibility
of residual confounding, particularly as it relates to salary information. Salary information was
obtained from employer-based surveys and may not fully reflect the salaries of individual
physicians. There was more missingness in the income data for orthopedic surgeons than other
specialties, which could result in residual confounding. We are unable to account for any
variability in the distribution of physicians within individual states. It is possible that physicians
may reside in one state but hold licenses to practice in other states as well through the
Interstate Medical License Compact Commission3®, which may result in an unknown degree of
misclassification most likely to impact psychiatrists of the specialties under study here given the

potential for telehealth is larger in that area of medicine.

Conclusion

We found a statistically significant relationship between abortion laws and physician
supply for OBGYNs and psychiatrists when comparing restrictive states to protective states but
found no evidence to indicate that the differences between states based on abortion laws have
increased in the year after the Dobbs decision. We recommend following this data over time to

assess whether any changes in the distribution of physicians begin to manifest.

67



References

1.

10.

11.

12.

Dobbs v. Jackson Women'’s Health Organization :: 597 U.S. _ (2022) :: Justia US Supreme
Court Center. Accessed December 5, 2023.
https://supreme.justia.com/cases/federal/us/597/19-1392/

. Roe v. Wade :: 410 U.S. 113 (1973) :: Justia US Supreme Court Center. Accessed December 5,

2023. https://supreme.justia.com/cases/federal/us/410/113/

. News ABC. Doctors face tough decision to leave states with abortion bans. ABC News.

Accessed December 12, 2024. https://abcnews.go.com/US/doctors-face-tough-decision-
leave-states-abortion-bans/story?id=100167986

. Lodewick C. OB/GYNs are rethinking their careers post-Roe, signaling that the doctor

shortage could get even worse. Fortune. Accessed December 12, 2024.
https://fortune.com/2022/06/24/roe-v-wade-supreme-court-ruling-obgyn-doctor-shortage/

. Why some doctors stay in US states with restrictive abortion laws and others leave | AP

News. Accessed December 12, 2024. https://apnews.com/article/dobbs-anniversary-roe-v-
wade-abortion-obgyn-699263284cced4bd421bc83207678816

. Escarce JJ, Polsky D, Wozniak GD, Pauly MV, Kletke PR. Health Maintenance Organization

Penetration and the Practice Location Choices of New Physicians: A Study of Large
Metropolitan Areas in the United States. Med Care. 1998;36(11):1555.

. Chou CF, Lo Sasso AT. Practice Location Choice by New Physicians: The Importance of

Malpractice Premiums, Damage Caps, and Health Professional Shortage Area Designation.
Health Serv Res. 2009;44(4):1271-1289. doi:10.1111/j.1475-6773.2009.00976.x

. Barreto T, Jetty A, Eden AR, Petterson S, Bazemore A, Peterson LE. Distribution of Physician

Specialties by Rurality. J Rural Health. 2021;37(4):714-722. d0i:10.1111/jrh.12548

. Fontenot J, Brigance C, Lucas R, Stoneburner A. Navigating geographical disparities: access to

obstetric hospitals in maternity care deserts and across the United States. BMC Pregnancy
Childbirth. 2024;24:350. doi:10.1186/s12884-024-06535-7

Basu S, Berkowitz SA, Phillips RL, Bitton A, Landon BE, Phillips RS. Association of Primary
Care Physician Supply With Population Mortality in the United States, 2005-2015. JAMA
Intern Med. 2019;179(4):506-514. doi:10.1001/jamainternmed.2018.7624

Where You Live Matters: Maternity Care Deserts and the Crisis of Access and Equity.
Accessed January 2, 2025. https://www.marchofdimes.org/maternity-care-deserts-report-
2023

U.S. Maternal Health Divide: Limited Services and Worse Outcomes | Commonwealth
Fund. Accessed November 19, 2023.

68



https://www.commonwealthfund.org/publications/issue-briefs/2022/dec/us-maternal-
health-divide-limited-services-worse-outcomes

13. Rader B, Upadhyay UD, Sehgal NKR, Reis BY, Brownstein JS, Hswen Y. Estimated Travel
Time and Spatial Access to Abortion Facilities in the US Before and After the Dobbs v Jackson
Women’s Health Decision. JAMA. 2022;328(20):2041-2047. doi:10.1001/jama.2022.20424

14. Emergency doctors grapple with abortion bans. AAMC. Accessed December 15, 2024.
https://www.aamc.org/news/emergency-doctors-grapple-abortion-bans

15. Strasser J, Schenk E, Luo Q, Chen C. Lower obstetrician and gynecologist (OBGYN) supply
in abortion-ban states, despite minimal state-level changes in the 2 years post-Dobbs. Health
Aff Sch. 2024;2(12):qxael62. doi:10.1093/haschl/qxael162

16. Roper KL, Robbins SJ, Day P, Shih G, Kale N. Impact of State Abortion Policies on Family
Medicine Practice and Training After Dobbs v Jackson Women’s Health Organization. Ann Fam
Med. 2024;22(6):492-501. doi:10.1370/afm.3183

17. AMA Physician Professional Data™. American Medical Association. January 21, 2025.
Accessed January 23, 2025. https://www.ama-assn.org/about/physician-professional-
data/ama-physician-professional-data

18. U.S. Physician Workforce Data Dashboard. AAMC. Accessed December 15, 2024.
https://www.aamc.org/data-reports/report/us-physician-workforce-data-dashboard

19. Wang Y, Weiss KJ. Post-Dobbs Psychiatric Exceptions in Abortion-Restricting States.
Psychiatr Serv. 2024;75(7):710-712. doi:10.1176/appi.ps.20240212

20. Post-Dobbs State Abortion Restrictions and Protections. LawAtlas. Accessed November
15, 2024. https://lawatlas.org/datasets/post-dobbs-state-abortion-restrictions-and-
protections

21. Featured OES Searchable Databases : U.S. Bureau of Labor Statistics. Bureau of Labor
Statistics. Accessed December 9, 2024. https://www.bls.gov/oes/data.htm

22. American Hospital Directory - Hospital Statistics by State. Accessed December 9, 2024.
https://www.ahd.com/state_statistics.html

23. Bureau UC. 2018 National and State Population Estimates. Census.gov. Accessed
November 15, 2024. https://www.census.gov/newsroom/press-kits/2018/pop-estimates-
national-state.html

24, Bureau UC. State Population Totals and Components of Change: 2020-2023. Census.gov.
Accessed April 27, 2024. https://www.census.gov/data/tables/time-
series/demo/popest/2020s-state-total.html

69



25. Movement Advancement Project | Snapshot: LGBTQ Equality by State. Accessed August
13, 2024. https://www.lgbtmap.org/equality-maps

26. Strasser J, Schenk E, Luo Q, Chen C. Lower OBGYN Supply in Abortion Ban States, Despite
Minimal State-Level Changes in the 2 Years Post-Dobbs. Health Aff Sch. Published online
November 27, 2024:qgxael62. doi:10.1093/haschl/gxael162

27. Health Disparities in Rural Women. Accessed January 23, 2025.
https://www.acog.org/clinical/clinical-guidance/committee-opinion/articles/2014/02/health-
disparities-in-rural-women

28. Bindeman J, Jarvis J. The Complex Relationship Between Abortion, Politics, and Religion.
In: Bindeman J, ed. The Mental Health Clinician’s Handbook for Abortion Care. Springer
Nature Switzerland; 2024:221-234. doi:10.1007/978-3-031-61453-8_14

29. Xierali IM, Nivet MA, Rayburn WF. Relocation of Obstetrician—Gynecologists in the
United States, 2005—-2015. Obstet Gynecol. 2017;129(3):543.
doi:10.1097/A0G.0000000000001901

30. Hammoud MM, Morgan HK, George K, et al. Trends in Obstetrics and Gynecology
Residency Applications in the Year After Abortion Access Changes. JAMA Netw Open.
2024;7(2):e2355017. doi:10.1001/jamanetworkopen.2023.55017

31. Marshall AL, Sharma D, Hsu G, Pecker LH, Cushman M. Abortion access and the US
medical workforce: a looming crisis for hematology. Lancet Haematol. 2022;9(12):e874-e875.
do0i:10.1016/52352-3026(22)00324-6

32. Pfannenstiel K. Idaho is losing OB-GYNs after strict abortion ban. But health exceptions
unlikely this year. e Idaho Capital Sun. Idaho Capital Sun. April 5, 2024. Accessed November
27, 2024. https://idahocapitalsun.com/2024/04/05/idaho-is-losing-ob-gyns-after-strict-
abortion-ban-but-health-exceptions-unlikely-this-year/

33. Palermo A. Idaho has lost 22% of its practicing obstetricians in the last 15 months, report
says. Idaho Statesman. February 20, 2024. Accessed December 16, 2024.
https://www.idahostatesman.com/living/health-fitness/article285692341.html

34, News ABC. Idaho hospital says it is ending labor and delivery services amid “political
climate.” ABC News. Accessed December 16, 2024. https://abcnews.go.com/Health/idaho-
hospital-ending-labor-delivery-services-amid-political/story?id=98038409

35. Cross-state licensing process now live in 30 states. American Medical Association. April
26, 2021. Accessed February 2, 2025. https://www.ama-assn.org/practice-
management/digital/cross-state-licensing-process-now-live-30-states

70



CHAPTER 5: Conclusion

Research Summary

This research aimed to assess the associations between changes in abortion law and
travel behavior, infant mortality, and physician supply. Using a variety of statistical methods
chosen to best suit the specific research questions for each section and the available data for
section outcomes, we have been able to identify an association between changes in travel for
abortions to the state of Colorado by out-of-state residents and changes in abortion access.
Infant mortality data was found to have associations with pre-existing differences among states
based on categorization of whether or not they would later move to restrict abortion.
Furthermore, there are found signals that the gaps between state-level infant mortality
associated with abortion laws may be widening for some groups of infants in data disaggregated
by race and ethnicity. Likewise, the pre-existing state-level physician supply for OBGYNs and
psychiatrists was found to be significantly associated with eventual state-level differences in

abortion access after the Dobbs v. Jackson Women’s Health Organization (Dobbs)* decision.

The second chapter of this analysis focused on travel into Colorado, an abortion-rights
protective state. In addition to providing significant evidence on the increase in travel behavior
of out-of-state residents into Colorado for abortions associated with changes in the law, a
secondary analysis beyond what is included here was able to demonstrate changes in abortion
utilization for in-state residents as well, in what may be some of the first research studying how
residents of abortion rights protective states may have experienced changes after the Dobbs

decision.
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The infant mortality analysis in the third chapter took the step of disaggregating data by
race, ethnicity, and cause of death to determine if the overall changes found by other
researchers were distributed equally among groups, going beyond the overall aggregated
associations in other published works?. The results show that there are indeed differential
associations, providing more evidence about the relationships between policy and health
outcomes for racial and ethnic groups in comparison to one another, as well as between states
regarding differences in legal access. In order to address differential health outcomes, we must
first determine whether and to what extent those differences exist at all>. Work such as this
helps to lay the foundation for policymakers, providers, and health systems, creating evidence
to demonstrate when decisions may impact people in different ways, particularly when those
decisions may exacerbate already inequal health outcomes. Additional analyses beyond the
scope of this dissertation focused with specificity on infant mortality in the state of Texas. Due
to pre-Dobbs changes to abortion access in that state, there is more post-intervention data
available to study how the changes in the law are associated with infant mortality*. Those
additional nine months of data may serve, with time, as a preliminary indicator of the trends

we may begin seeing in states that moved to enact restrictions in the wake of Dobbs.

Finally, the fourth chapter focused on the association between the supply of different
specialties in medicine with abortion law, finding significantly fewer practicing
obstetricians/gynecologists and psychiatrists in states that later moved to enact abortion
restrictions. The available number of physicians practicing in each state is a crucial component
of the healthcare system and a piece of the structural determinants of health>®. The state level

landscape of obstetricians and gynecologists is quite varied and related to the existence of
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maternity care deserts in rural areas in particular’=. As was shown here, that pre-existing
variation occurred in association with the eventual decisions states made regarding abortion
access. There is nothing to indicate that it is worsening in states with abortion restrictions as of
data from the end of 2023. It will be important to follow this over time to see if changes to
baseline physician supply in these specialties which are already differential by abortion law

begin to shift.

The Contribution of this Work

The value of this work is that it builds on growing evidence in a rapidly changing setting
to a body of literature regarding the links between abortion access and health outcomes. The
novelty of these changes in abortion access present a wide array of unknowns and uncertainty,

and work such as this helps to fill some of the gaps created by sudden policy changes.

The public health and ethical implications of the findings identified in this research are
worthy of discussion here. First, regarding the travel segment of the research, it is important to
recognize that data can only represent those who were able to travel. This truth leaves out all
those who were unable to travel for any reason, whether it was related to cost, stigma, fear of
prosecution or civil lawsuits upon return, lack of available time off work or lack of childcare. The
implication here is that those least able to travel are likely to consequently be the most likely to
continue pregnancies that might have been terminated had local access to abortion been more
readily available. In effect, privilege here works to allow continued access to abortion through
travel to other states. Abortion travel funds may serve to help alleviate some of the financial

costs when available in sufficient amount but cannot address the other aspects.
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Regarding infant mortality, there are several implications based on our findings. Any
sudden increase in the absolute rate of aggregate infant mortality is an enormous red flag
waving in our faces that something is very wrong. For it to be appearing in this vulnerable group
of our population is especially concerning, particularly given that the downward trend in infant
mortality has been ongoing for decades.'® There is evidence of substantially higher infant
mortality in the states that moved to restrict abortion access even before they did so — which
indicates potential deficiencies in their overall public health system, medical system, social
support structure, and perhaps other societal programs which may not be yielding enough
protective qualities for the infants of those states. Those differences in comparison with
protective states increased after abortion laws changed, indicating that there may be additional
harms associated with those laws for the infants in these states. We have failed abundantly in
the pursuit of the twin aims of public health because we have not been able to adequately
address the mechanisms allowing racial and ethnic disparities to persist in infant mortality, and
in some cases, worsen.'! As this work builds on evidence of even more harms being distributed
in an unequal manner, | believe we have an ethical duty to shine light on these differences and
demand better of our systems and structures. These rates were already higher for non-white
infants, and here there is some evidence that things are getting even worse — the gap is indeed
growing. When the stated intent of many of these laws is to protect life, all these results run in
direct contradiction of that intent, providing evidence instead that abortion restrictions are

temporally associated with increases in infant mortality.

The identified association of physician supply with abortion law also carries implications,

for there are already fewer OBGYNs available in states with abortion restrictions, often
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overlapping locations known to fit the definition of maternity care deserts”*2. If physicians do
begin to leave these states in response to changes in the law, this may worsen over time, further
exacerbating shortages of providers in these areas. Even if these physicians do not leave
abortion-restrictive states, there is already a statistically significant difference in the availability
of providers when compared with abortion rights- protective states, which could carry
downstream consequences for both maternal and infant mortality among other health
outcomes.3 This research also identified that psychiatrists are significantly fewer in states with
restrictions, and the long-term impacts of this shortage may be felt in several ways, some of

which may be connected to abortion care restrictions.'#1>

Additionally, it is worth mentioning that these laws are nearly always passed in conflict
with the will of the people, violating the ethical ideal that elected representatives function in

alignment with the desire and best interests of their constituents.'®

Strengths and Limitations of this Research

This research draws its conclusions using models designed to analyze the temporal
associations between changes in policy and law and health, providing a stronger link between
the exposures and outcomes in a causal framework than simple associations. Use of
predominately publicly available data is also a strength here because of my expressed interest in
having data open to the public and encouragement of replication. Communities deserve to have
full access to information about the drivers of health and how changes in policy may be
impacting groups differentially. This work also includes a substantial amount of sensitivity

analyses which utilize slightly different mechanisms, may include slightly different periods, or
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make slightly different assumptions, nearly all of which agree with the primary results, lending

robustness to the findings.

There are limitations warranting discussion as well, related to limitations in the model
selection, limitations in the data itself, and limitations to inference and generalizability. Model
selection can potentially be a concern because choices in selected model are necessarily
defined by the assumptions each model makes, and under what circumstances they best
perform. Every attempt has been made to select the best fitting model, though there is a
recognition that there may be alternatives. Specifically, generalized estimating equations
function best in larger data sets, and here we are necessarily constrained by the number of
states, plus DC. Much of the outcome data used in the first and second chapters of this
dissertation are preliminary and may change prior to finalization. Given the public health
significance of this research, it was important to continue with the work even with this
limitation. Data suppression rules, particularly in the context of a rare outcome such as infant
mortality, have meant that | was unable to disaggregate race and ethnicity data with desired
granularity, instead being forced to group other race categories together in order to have
enough observations. There is always the potential of residual confounding in adjusted models
and the possibility of uncontrolled confounding for variables we have neglected to include in
the analysis. Generalizability may be an issue, especially in the travel portion of this work, as
geography and distance needed to travel are crucial elements in the decision-making process
for people seeking abortions. Colorado is uniquely distant from other large population centers,
and the findings here may not be generalizable to other abortion-rights protective states that

may be closer to states with restrictions. Finally, all findings here are made at the population
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level only and cannot be extrapolated to individuals, though the overarching goal of these

studies was to assess population health.

Other Potential Implications of Abortion Restrictions and Suggestions for Additional Research

Beyond the outcomes studied here, there are many other potential implications of
restrictions to abortion and limitations on reproductive autonomy. It is well documented that
abortion is safer than pregnancy, with deaths related to abortions estimated at only 0.43 per
100,000 abortions!” while there are 23.8 deaths related to pregnancy for every 100,000 live
births'®. Many researchers are currently studying changes to maternal mortality in association
with access changes presently. The risks of pregnancy include gestational diabetes,
hypertension of pregnancy, blood clots, anemia, bleeding, eclampsia and more.*® Denial of
abortion can result in changes to economic trajectory?® and cause mental health impacts??.
Delays in abortion can also result in pregnancies being revealed, which may carry consequences
for the pregnant individual as well. Beyond the pregnant individual, there are potential impacts
of denial abortions on existing children??, the potential for increased utilization of the foster

care system?3, and an increase in abandoned babies?*.

The changes in legal access may have consequences for the provision of healthcare that
extend beyond choice of practice location. Providers may elect to perform anatomy scans or
other testing earlier in pregnancy to try and detect anomalies sooner.2> We may begin to see
expansion of providers willing to write prescriptions of medication abortions?®, increased
interest in advanced provision or over the counter dispensing?’ and continued increase in self-

managed abortion?®. Although findings here have not yet indicated shifting physician supply in
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association with abortion law as of the end of 2023, there are indications that medical students
may take abortion law into consideration when choosing where to practice, which would have

consequences downstream on the supply of physicians.?

State laws continue to shift at this writing, and it is unknown how the recent change in
the federal administration may affect access to abortion. There are likely to be challenges to
medication abortion access, whether through mechanisms related to the Comstock Act,
limitations on FDA approvals, or something else entirely.3° Many states have enacted shield laws
to protect providers and patients, though we do not yet know whether they will function as

intended under challenge.?!

Underlying the Dobbs decision was an explicitly stated interest in increasing the number
of available infants for adoption.! In an environment where abortion is banned or inaccessible,
it is impossible to believe that reproductive decisions made by pregnant individuals surrounding
relinquishment of infants are made from a fully autonomous place.3?P%”) There are
demonstrated substantial differences in the economic status of those who relinquish and those
who adopt; parents giving up children having a much lower net worth and lower education
level. A stated governmental interest in increasing adoption reeks of inequality in a system that

already provides the rich babies from poorer individuals.33

Future Directions and Next Steps

In addition to following physician supply data forward in time to further determine if
changes to practice location distribution in association with abortion law begins to shift, | will

focus the analysis using the combined exposure metric which includes state-level anti-LGTBQ+

78



laws. | have been asked to study the connection between abortion law, mental health, and

suicide in the United States and will be starting on that work as well.

| intend to explore constructing a tool that will incorporate elements of travel costs along
with distance to clinics, gestational week, and other variables in cooperation with faculty in
other departments at Colorado State once | have defended this portion of my work. | will also
be embarking on writing a manuscript, or perhaps even a book, on the ethical issues
surrounding abortion restrictions with a collaborator from the University of Colorado at

Anschutz.

This work is deeply personal and important to me, and | will keep doing my best to

create reliable, robust evidence of the impacts of changes in legal access to abortion.
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APPENDIX A

Abortion Changes Among Residents of an Abortion Rights Protective State

There have been substantial changes in abortion access at the state and national level.
Texas state legislators passed SB8 in 2021, enacting a six-week gestational limit.(1) Access to
safe, legal abortion is necessary for comprehensive healthcare.(2) While research has focused
on residents of states enacting restrictions, less is known about changes for residents of states
where abortion access remains legal. Colorado is a full abortion access state with no gestational
limitations.(3) Leveraging data on abortion procedures performed in Colorado, we sought to
determine whether SB8 in Texas was associated with changes in abortion for Colorado

residents.

Methods: We analyzed monthly abortion count data from January 2018- June 2024 from
the Colorado Department of Public Health and Environment, including information on residence
state and gestational week at the time of the abortion. Generalized linear Quasi-Poisson
regression interrupted time series models compared rates before and after changes in the law,
adjusting for both long-term time trends and seasonality using September 2021 as the
interruption point. We assumed no confounders beyond time and selected a study design well-
suited to analyze policy change using repeated observations of data. No lag-to-effect was
included given the time-limited nature inherent in pregnancy. This study was deemed exempt
by the Colorado State University Institutional Review Board. We adhered to the Strengthening

the Reporting of Observational Studies in Epidemiology (STROBE) reporting guidelines.
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Results: The percentage of abortions provided in Colorado to out-of-state residents
increased from 13% in 2020 to 30% in 2023. Figure Al shows raw data for Texas residents
traveling to Colorado for abortions and indicates a clear rise after the implementation of SBS.
Figure A2 visualizes the raw data for Colorado residents using the same interruption point,
showing an increase in second trimester procedures temporally matching the demand for
procedures from Texas residents, peaking six months after SB8. Adjusting for time trends,
regression results show that Colorado residents were overall 11% more likely to have
procedures in the first trimester, and 83% more likely to have procedures in the second
trimester after SB8 compared to the time before Texas SB8. Rate Ratio (RR) First trimester: 1.11,
95% confidence interval (Cl): 1.00, 1.24, p=0.04; Second trimester:1.83, 95% Cl: 1.55-2.17,

p<0.001.

Discussion: We found a statistically significant increase in abortions for Colorado
residents in association with the implementation of Texas’ SB8. This aligns with reports from
area clinicians who experienced dramatic increases in patient demand after SBS, also reported
by the media, resulting in delayed appointments for everyone.(4) Second trimester findings
concur with the work of Dindinger, et al, who previously studied changes in gestational age at
the time of abortion in Colorado through the end of 2022 in association with SB8.(5) Potential
consequences of delayed procedures for may include increased cost, increased complexity of
the procedure, the emotional toll of waiting, and the potential for having the pregnancy
revealed. Although travel from Texas residents to Colorado for abortions has declined, it has not
returned to baseline. The increase found in second trimester abortions for Colorado residents

appears to have resolved, offering reassurance of healthcare capacity to adjust to increased
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demand. Expanded access to telehealth services, increased self-managed abortion or care in
other protective states may also be alleviating strain on the system.(6) Strengths of this study
include the use of monthly data in the selected design. The possibility of unmeasured
confounding, the available data representing a likely undercounting of abortions, and residence
misclassification are potential limitations of these findings. We also recognize that these data
can only capture information for those able to travel, and do not include individuals without the

money, support, and resources to do so.

Figure Al: Raw Texas resident monthly abortion counts in Colorado. Vertical line indicates
implementation date of SBS.
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Figure A2: Raw monthly second trimester abortion counts. Vertical line indicates

implementation date of Texas SBS.
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APPENDIX B

Supplemental Materials for Chapter 2 - Association of Reproductive Access Restrictions and Out-
of-State Abortion Care in Colorado, an Interrupted Time Series Analysis for 2018-2024

Monthly Trend of Texas Residents Seeking Abortion in Colorado, 2018-2023
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Supplemental Figure B1: Texas Residents Seeking Abortion in Colorado, 2018-2023.
Each dot represents monthly count of patients.

Annual Trend of Abortion in Colorado, 1967-2022

15000 -

e | L
Y

Number of Procedures

5000 -

1980 2000 2020
Year

Supplemental Figure B2: Annual Trend of All Abortions Occurring in Colorado,
1967-2022. Each dot represents monthly count of patients.
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Colorado Spline Model with 12 Degrees of Freedom
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Supplemental Figure B3: Count data for Colorado residents seeking abortion in Colorado, 2018-2023.
Each dot represents monthly count of patients. Vertical line indicates legal change under analysis. Red
line represents fitted predictions from natural spline fit for time with 12 degrees of freedom for full time
period under study.
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Supplemental Figure B4: Count data for all out-of-state residents seeking abortion in Colorado. Vertical
lines indicate legal changes under analysis. Each dot represents monthly count of patients. Vertical line
indicates legal change under analysis. Red line represents fitted predictions from natural spline fit for
time with 5degrees of freedom for full time period under study.
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Supplemental Table B1: Selected Point Estimates and Confidence Intervals for Linear Time, Indicated by
the Change in Number of Abortions by Residence per Month. Results shown with modeled interruption
point. P-values included for interpretation due to very small estimates and narrow confidence intervals.

Rate Ratio & 95% p-value for time
Confidence Interval
for Time
Post-Dobbs Analysis (Dobbs) 1.01 (1.00, 1.01) 0.062
Post-Dobbs Analysis excluding TX (Dobbs) 1.01 (1.00, 1.01) 0.030
Colorado (Dobbs) 1.01 (1.00, 1.01) <0.001
Proximal Protective States (Dobbs) 1.00 (1.00, 1.01) 0.041
Proximal Restrictive States (Dobbs) 1.03 (1.02, 1.04) <0.001
Texas (SB8) 1.03 (1.01, 1.05) 0.009
Wyoming (SB8) 1.00 (1.00, 1.01) 0.999
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APPENDIX C

Supplemental Materials for Chapter 3 - Association Between Abortion Access and Infant
Mortality in the US by Race, Ethnicity and Cause

Supplemental Table C1: ICD-10 Subcategories for P-Codes and Q-Codes.

P-Codes
P0O0-P0O4 Newborn affected by maternal factors and by complications of pregnancy,
labor, and delivery
P0O5-P0O8 Disorders of newborn related to length of gestation and fetal growth
P09 Abnormal findings on neonatal screening
P10-P15 Birth trauma
P19-P29 Respiratory and cardiovascular disorders specific to the perinatal period
P35-P39 Infections specific to the perinatal period
P50-P61 Hemorrhagic and hematological disorders of newborn
P70-P74 Transitory endocrine and metabolic disorders specific to newborn
P76-P78 Digestive system disorders of newborn
P80-P83 Conditions involving the integument and temperature regulation of newborn
P84 Other problems with newborn
P90-P96 Other disorders originating in the perinatal period
Q-Codes
Q00-Q07 Congenital malformations of the nervous system
Q10-Q18 Congenital malformations of the eye, ear, face, and neck
Q20-Q28 Congenital malformations of the circulatory system
Q30-Q34 Congenital malformations of the respiratory system
Q35-Q37 Cleft lip and cleft palate
Q38-Q45 Other congenital malformations of the digestive system
Q50-Q56 Congenital malformations of the genital organs
Q60-Q64 Congenital malformations of the urinary system
Q65-Q79 Congenital malformations and deformations of the musculoskeletal system
Q80-Q89 Other congenital malformations
Q90-Q99 Chromosomal abnormalities, not elsewhere classified
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Supplemental Table C2: Mean covariate values based on categorical exposure. Year specific
mean mortality rates presented, grouped by protective, moderately restrictive and most

restrictive exposure.

Protective States + | Moderately Most Restrictive
DC (N=26) Restrictive States | States (N=15)
(N=10)
Covariates
Diversity Index 52.0 47.4 46.2
Average Pre-Pregnancy BMI | 27.3 27.7 28.1
% Smoking During 5.0 5.7 8.2
Pregnancy
Poverty Rate 11.2 11.8 14.7
Total Fertility Rate 1560 1750 1780
2018/2019 Mortality Rates
(per 1000 in the <1yr
population)
All-Cause, Aggregated 5.1 6.0 6.7
Disaggregated by
race/ethnicity
Non-Hispanic Black 11.3 13.8 13.0
Non-Hispanic White 41 4.8 5.6
Hispanic 5.0 5.5 5.3
Non-Hispanic Other Races | 4.5 5.3 5.2
Cause-Specific, Aggregated
P-Codes 2.5 2.8 3.0
Q-Codes 1.0 1.3 1.5
2023 Mortality Rates (per
1000 in the <1yr population)
All-Cause, Aggregated 49 6.0 6.6
Disaggregated by
race/ethnicity
Non-Hispanic Black 9.0 12.2 12.4
Non-Hispanic White 4.0 4.8 5.4
Hispanic 5.0 5.9 5.7
Non-Hispanic Other Races | 3.9 5.9 6.1
Cause-Specific, Aggregated
P-Codes 2.5 3.0 3.0
Q-Code 0.9 1.2 1.4
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Supplemental Table C3: Rate ratio, 95% confidence interval and p-value for Poisson regression
models using annual state-level count data with population offset, shown with crude and

adjusted estimates, comparing moderately restrictive and most restrictive states to protective
states for each timepoint using categorical exposure. Protective states are set as the reference

category.
Moderately Restrictive States Most Restrictive States
Crude Adjusted Crude Adjusted
2018/2019
All-Cause 1.26 (1.23, 1.18 (1.14, 1.33 (1.31, 1.16 (1.12,
1.29), p<0.001 | 1.22), p<0.001 | 1.36), p<0.001 | 1.21), p<0.001
Non-Hispanic Black 1.21 (1.16, 1.19 (1.12, 1.16 (1.12, 1.17 (1.10,
1.27), p<0.001 | 1.25), p<0.001 | 1.21), p<0.001 | 1.25), p<0.001
Non-Hispanic White 1.22 (1.18, 1.15 (1.10, 1.39 (1.34, 1.20 (1.13,
1.27), p<0.001 | 1.21), p<0.001 | 1.44), p<0.001 | 1.27), p<0.001
Hispanic 1.20 (1.14, 1.09 (1.01, 1.12 (1.07, 1.05 (0.95,
1.27), p<0.001 | 1.17), p=0.02 | 1.18), p<0.001 | 1.17), p=0.33
Non-Hispanic Other 1.37 (1.25, 1.19 (1.06, 1.07 (0.98, 0.89 (0.77,
Races 1.49), p<0.001 | 1.33), p=0.003 | 1.16), p=0.07 | 1.03), p=0.12
P-Code 1.21(1.17, 1.20(1.15, 1.22 (1.18, 1.19(1.13,
1.25), p<0.001 | 1.29), p<0.001 | 1.26), p<0.001 | 1.26), p<0.001
Q-Code 1.31(1.24, 1.14 (1.07, 1.40 (1.33, 1.11 (1.02,
1.38), p<0.001 | 1.23), p<0.001 | 1.47), p<0.001 | 1.20), p=0.02
2023
All-Cause 1.32 (1.28, 1.23 (1.18, 1.41 (1.37, 1.22 (1.16,
1.37), p<0.001 | 1.29), p<0.001 | 1.46), p<0.001 | 1.29), p<0.001
Non-Hispanic Black 1.35(1.26, 1.29 (1.19, 1.28 (1.21, 1.22 (1.10,
1.45), p<0.001 | 1.40), p<0.001 | 1.37), p<0.001 | 1.34), p<0.001
Non-Hispanic White 1.25(1.18, 1.17 (1.08, 1.43 (1.36, 1.25(1.14,
1.33), p<0.001 | 1.26), p<0.001 | 1.51), p<0.001 | 1.36), p<0.001
Hispanic 1.29 (1.20, 1.18 (1.07, 1.22 (1.15, 1.09 (0.95,
1.38), p<0.001 | 1.29), p<0.001 | 1.31), p<0.001 | 1.24), p=0.24
Non-Hispanic Other 1.59 (1.40, 1.39(1.18, 1.36(1.21, 1.17 (0.96,
Races 1.80), p<0.001 | 1.63), p<0.001 | 1.53), p<0.001 | 1.44), p=0.12
P-Code 1.33(1.26, 1.30(1.22, 1.26 (1.20, 1.21(1.12,
1.39), p<0.001 | 1.39), p<0.001 | 1.32), p<0.001 | 1.31), p<0.001
Q-Code 1.30(1.20, 1.16 (1.05, 1.46 1.22 (1.07,

1.41), p<0.001

1.28), p=0.005

(1.36,1.56),
p<0.001

1.38), p=0.002
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Supplemental Table C4: Rate ratio, 95% confidence interval and p-value for product term in
generalized estimating equation models using annual state level mortality rates, shown with
crude and adjusted estimates, comparing moderately restrictive and most restrictive states to
protective states over time. Interaction term shown here represents the interaction between
the categorical abortion law exposure and time. Protective states are set as the reference

category.
Moderately Restrictive States Most Restrictive States
Crude Adjusted Crude Adjusted
All-Cause 1.04 (0.97, 1.04 (0.97, 1.02 (0.93, 1.02 (0.94,
1.11), p=0.32 | 1.11), p=0.30 | 1.10), p=0.72 | 1.10), p=0.70
Non-Hispanic Black 1.10(0.97, 1.10(0.97, 1.21 (1.09, 1.22(1.11,
1.24), p=0.14 | 1.25), p=0.15 | 1.34), p<0.001 | 1.35), p<0.001
Non-Hispanic White 1.00 (0.93, 1.00 (1.00, 0.95 (0.87, 0.95 (0.87,
1.09), p=0.92 1.00), p=0.76 1.04), p=0.28 1.04), p=0.27
Hispanic 1.56 (0.85, 1.56 (0.85, 1.61(0.88, 1.61(0.88,
2.86), p=0.16 | 2.86), p=0.16 2.94), p=0.12 2.94), p=0.12
Non-Hispanic Other 1.18 (0.89, 1.23 (0.92, 1.34 (1.15, 1.38 (1.18,
Races 1.58), p=0.25 1.63), p=0.16 1.56), p<0.001 | 1.62), p<0.001
P-Code 1.08 (0.98, 1.09 (0.99, 1.02 (0.91, 1.03 (0.91,
1.19), p=0.12 | 1.20), p=0.10 | 1.15), p=0.67 | 1.16), p=0.62
Q-Code 0.98 (0.85, 0.98 (0.85, 1.00 (0.89, 1.00 (0.90,
1.13), p=0.83 | 1.13), p=0.81 | 1.11), p=0.99 | 1.11), p=0.98
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Supplemental Figure C1: Map of United States plus District of Columbia Showing Categorical
Exposure of State-Level Abortion Access Assessed at Year End, 2022. Map created using
mapchart.net.
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APPENDIX D

Supplemental Materials for Chapter 4 - The Association of Abortion Restrictions and Physician
Supply in the United States

In order to assess the association between the combination of abortion and LGBTQ+
state laws, we constructed a leveled categorical variable. To do this, we utilized the same binary
variable as described above for abortion law, and data from the Movement Advancement
Project for LGBTQ+ laws. The more restrictive a state is regarding LGBTQ+ policies, the lower the
score, which includes negative scores for some states. Conversely, a higher MAP score
represents a state with policies more protective of the rights of the LGBTQ+ population. Results
shown in Supplemental Table D2 indicate that there may be a dose-response type of
relationship between overall autonomy restrictions measured by the combination of laws and
the supply of OBGYNs and psychiatrists. As the level of restrictions increase, the availability of
physicians in those specialties declines in comparison to the reference group. Results for family
medicine physicians and orthopedic surgeons were mostly null, with one area of statistical

significance within each group.

Supplemental Table D1: Description of combined exposure categories.

Combined Exposure | Binary Abortion Law MAP Score Number of
Category States
Reference Group Unexposed/Protective >10 23
Level 1 Unexposed/Protective Between (-5) and 10 | 4
Level 2 Exposed/Restrictive Any positive MAP 10
score
Level 3 Exposed/Restrictive Between 0 and (-5) 4
Level 4 Exposed/Restrictive Lower than (-5) 10
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Supplemental Table D2: Adjusted rate ratio and 95% confidence interval for negative binomial
regression models using a combined exposure metric for abortion law and LGBTQ policy, in

comparison with the reference group.

OBGYNs

Family Medicine

Psychiatrists

Orthopedic
Surgeons

Level 1

Level 2

Level 3

Level 4

0.78 (0.64, 0.96),
p=0.002
0.75 (0.66, 0.84),
p<0.001
0.74 (0.61, 0.90),
p=0.002
0.65 (0.57, 0.75),
p<0.001

1.59 (1.23, 2.07),
p<0.001
1.13(0.93,1.37),
p=0.22

0.96 (0.75, 1.25),
p=0.75

1.08 (0.89, 1.32),
p=0.63
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0.55 (0.39, 0.80),
p<0.001
0.54 (0.43, 0.67),
p<0.001
0.46 (0.33, 0.66),
p<0.001
0.42 (0.33,0.54),
p<0.001

0.92 (0.67, 1.28),
p=0.63
0.87 (0.77, 0.99),
p=0.03
0.99 (0.83, 1.20),
p=0.96
0.92 (0.79, 1.08),
p=0.83



LIST OF ABBREVIATIONS

AAMC — American Association of Medical Colleges

AMA — American Medical Association

BLS — Bureau of Labor Statistics

BMI — Body Mass Index

CDC Wonder - CDC Wide-ranging ONline Data for Epidemiologic Research
CDPHE — Colorado Department of Public Health and Environment

DC — District of Columbia

Dobbs — Dobbs v. Jackson Women’s Health Organization

GEE - generalized estimating equation

OBGYN — obstetrician/gynecologist

Moderately Restrictive — categorical exposure states with laws restricting access from after 12
weeks through 23 weeks

Most Restrictive — categorical exposure states with a full ban or access limitations at any point
before or until 12 weeks' gestation

Protective — states which are protective of abortion rights, defined as either without gestational
limitations or which only limit access at or beyond 24 weeks, in binary and categorical models

Restrictive — binary exposure states which are restrictive of abortion access, defined as any state
with a ban or gestational limitation in effect prior to 24 weeks

Roe — Roe v. Wade
SB8 — Texas State Bill 8, “The Texas Heartbeat Act”
States — 50 US states, plus the District of Columbia

TRAP — targeted restrictions on abortion providers
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