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Introduction: Bariatric surgery is an effective and evidence-based treatment for severe obesity;
however, socioeconomic disparities in utilization and outcomes persist. This dissertation
comprises three interrelated studies aimed at examining the impact of neighborhood
socioeconomic status (nSES), as measured by the Distressed Communities Index (DCI), on
bariatric surgery utilization and short-term postoperative outcomes in Maryland. The moderating

role of race and ethnicity is also explored across these domains.



Methods: A cross-sectional analysis was conducted using the 2018-2020 Maryland State
Inpatient Database, linked with ZIP code-level DCI data. Multivariable logistic regression
models were used to assess associations between nSES and (1) bariatric surgery utilization, (2)
post-operative complications, and (3) 30-day readmissions. Interaction terms were included to

evaluate effect modification by race/ethnicity.

Results: Study I demonstrated that bariatric surgery utilization declined significantly with
increasing neighborhood distress. Patients from distressed areas had 31% lower odds of
undergoing bariatric surgery compared to those from prosperous neighborhoods (OR: 0.69, 95%
CI: 0.63-0.76). Race significantly modified this association: Black individuals were more likely
than White individuals to undergo surgery across all nSES levels, with the largest differences
observed in the most distressed communities.

Study II found no statistically significant association between nSES and short-term postoperative
complications, including gastrointestinal leaks, venous thromboembolism, and gastrointestinal
bleeding. Race and ethnicity did not significantly modify these relationships.

Study III revealed no significant associations between nSES and healthcare quality measures,
including prolonged hospital stays and readmissions. Similarly, no interaction effects were
observed by race or ethnicity for these outcomes.

Conclusion: Neighborhood socioeconomic disadvantage was associated with reduced bariatric
surgery utilization, particularly among individuals residing in distressed communities. However,
nSES was not significantly associated with short-term surgical outcomes or healthcare quality
metrics. Racial differences in surgery utilization persisted across all nSES levels, underscoring

the importance of intersectional approaches to addressing inequities in access to bariatric surgery.
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Chapter 1: Introduction and Literature Review

INTRODUCTION

Obesity is recognized as a chronic disease and a complex medical condition characterized by an
abnormal or excessive accumulation of body fat that poses significant health risks and can lead
to various complications'. Obesity prevalence in the United States has increased significantly
since the 1960s, rising from 13% to 32% among adults by 2004* However, research by Kranjac
et al. indicates that BMI and obesity rates remained relatively stable in the early-to-mid 1970s,
before sharply increasing in the early 1980s°. From the 1980s onward, the prevalence of obesity
surged dramatically, reflecting widespread changes in dietary habits, physical activity, and other
environmental factors®®. Data from the National Health and Nutrition Examination Survey
(NHANES) show that the prevalence of obesity among adults increased from 30.5% in 1999 to
42.4% by 2018, highlighting the growing public health crisis’!!. Recent projections suggest that
this upward trend is unlikely to slow without significant intervention, with estimates indicating
that over 40% of the U.S. adult population is currently classified as obese!’. Alarmingly, if
current trends persist, it is predicted that more than half of the adult population (48.9%) will be

classified as obese by 2030,

In the 1950s, the University of Minnesota marked a significant milestone in the field of obesity
treatment by performing the first surgical procedure specifically designed for weight loss'. Since
then, bariatric surgery has evolved considerably and is now widely regarded as the most eftective

and durable treatment for morbid obesity and its related comorbid conditions'*!*. While various



nonsurgical approaches, such as dietary modifications, behavioral therapy, and pharmacotherapy,
have been explored to manage obesity, multiple studies have consistently demonstrated their
limited success in achieving sustained, long-term weight reduction when compared to bariatric
surgery'>. Bariatric procedures, including gastric bypass, sleeve gastrectomy, and adjustable
gastric banding, offer profound and lasting weight loss, alongside substantial improvements in
obesity-related health issues such as type 2 diabetes, hypertension, and sleep apnea'®!%!8, These
surgeries not only produce superior outcomes in terms of weight reduction but also significantly

reduce the risk of mortality and improve quality of life in patients with severe obesity.

Disparities in Bariatric Surgery Utilization

Disparities in access to and utilization of bariatric surgery are well-documented, with
socioeconomic status (SES), race/ethnicity, and geographic location playing significant roles in
shaping who undergoes surgery'”-?2, Multiple studies have highlighted that individuals from
racial and ethnic minority groups are less likely to receive bariatric surgery compared to White
individuals, even after adjusting for factors such as insurance status and clinical eligibility'*-!.
Similarly, individuals with lower educational attainment and lower household incomes are less

likely to undergo surgery despite being medically eligible?*>.

The barriers contributing to these disparities are multifaceted. Cultural perceptions of obesity and
weight loss, differential access to healthcare providers, and insurance coverage limitations may
all contribute to lower utilization among certain groups>*?. Additionally, geographic disparities
exist, with individuals residing in rural or medically underserved areas having less access to

specialized bariatric centers, further reducing the likelihood of undergoing surgery?®!-’.



In a recent systematic review, Black and Hispanic patients were found to be significantly
underrepresented in bariatric surgery cohorts, accounting for only a small proportion of the total
procedures performed nationwide?®2®. This underrepresentation is concerning given the high
prevalence of obesity and obesity-related comorbidities within these communities. Potential
explanations include differences in referral patterns, lower levels of health literacy, and provider
biases in recommending bariatric surgery?!?°. Addressing these disparities requires a nuanced
understanding of the social determinants of health, including neighborhood characteristics that

go beyond individual-level factors.

Neighborhood Socioeconomic Status and Health Outcomes

Neighborhood socioeconomic status (nSES) encompasses the broader social and economic
environment in which individuals reside?>*°. It reflects not only individual income or education
but also collective community resources, social cohesion, and access to services. Measures of
nSES typically include indicators such as median household income, poverty rates, educational
attainment, employment rates, and housing conditions?*-!. These indicators are often aggregated
into indices, such as the ADI and the DCI, to provide a comprehensive measure of neighborhood

deprivation®?3?,

Lower nSES has been linked to worse health outcomes across a range of conditions, including
cardiovascular disease, cancer, and diabetes***. The mechanisms through which nSES affects
health outcomes are complex and may include reduced access to healthcare services,
environmental stressors, and lower availability of health-promoting resources such as parks,
recreational facilities, and healthy food options®'*. For surgical procedures, lower nSES has

been associated with increased rates of post-operative complications, prolonged hospital stays,



and higher rates of readmissions**%3’. These associations suggest that neighborhood factors may

influence not only access to surgery but also the quality of care and recovery experiences.

Neighborhood Socioeconomic Status and Healthcare Utilization

Healthcare utilization is heavily influenced by both individual and neighborhood-level factors.
Individuals from lower SES backgrounds are generally less likely to access preventive healthcare
services and more likely to present with advanced stages of disease>>*. In the context of elective
surgeries, such as bariatric surgery, nSES plays a critical role in shaping access and utilization
patterns. Patients from socioeconomically deprived neighborhoods are less likely to receive
referrals for elective surgeries and may face additional barriers such as transportation difficulties,
lack of support networks, and financial constraints that hinder their ability to seek surgical

C'211.6.7)2,36,40,41 )

The literature suggests that neighborhood deprivation is associated with delayed healthcare
utilization, higher emergency department use, and lower use of specialist services*>*°. These
patterns are particularly evident in areas with limited healthcare infrastructure, where residents
may have to travel long distances to access care*>*. In addition, patients from more deprived
neighborhoods experienced worse outcomes after common surgical procedures, which could be

related to the quality of hospitals in different areas’®.

Bariatric Surgery and Neighborhood Socioeconomic Status

The impact of nSES on bariatric surgery utilization and outcomes is an emerging area of
research. While studies have explored the relationship between individual SES and surgical

outcomes**** few have focused on the broader neighborhood context. A recent study by
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Murtha et al, utilizing single unit hospital data in a predominantly white population, using the
ADI reported that individual patient characteristics have a stronger association with weight loss
outcomes compared to neighborhood-level social determinants and lifestyle factors*®. However,
these findings are limited by small sample sizes and a lack of consideration for racial and ethnic
interactions. These findings go against results reported by others in literature who found the
opposite in other surgical conditions such as colorectal surgeries**®. The inconsistent and often
limited findings regarding the impact of neighborhood socioeconomic status on bariatric surgery
utilization and short-term outcomes highlight the need for further research to better understand
this relationship. Individuals living in poor neighborhoods are more likely to experience higher

8 worse outcomes after colon and

hospital readmission rates*’, increased obesity prevalence*
rectal surgeries>?, and higher rates of missed pre- and post-operative appointments. Although

Murtha et al did not find a significant association between the ADI and weight loss following
bariatric surgery*®, research indicates that individuals from lower socioeconomic backgrounds

have lower rates of undergoing bariatric surgery and face more barriers to accessing healthcare,

transportation, and nutritious food***.

The Distressed Communities Index

The variable of interest in this analysis was the DCI, utilized as a tool to measure community-
level socioeconomic deprivation. Developed by the Economic Innovation Group (EIG), the DCI
quantifies neighborhood socioeconomic risk through seven metrics that collectively capture
economic and social vulnerabilities®®. These metrics include: the proportion of the population
(age > 25 years) without a high school diploma or equivalent, the rate of vacant housing units

(adjusted for recreational, seasonal, or occasional use vacancies), and the proportion of the



working-age population (ages 25-54) not engaged in the labor force (either unemployed or not
actively seeking work)’!. Additional metrics cover the proportion of residents living below the
federal poverty line, the median household income as a percentage of the median income in the
corresponding metro area or state, and recent changes in both the number of employees and

business establishments within the ZIP code’!2.

From these inputs, the DCI generates scores ranging from 0 (no distress) to 100 (severe distress),
calculated by ranking ZIP codes on each metric, averaging them, and normalizing the data to
produce a relative measure of socioeconomic distress®'. Based on these scores, American
communities are classified into five tiers of socioeconomic status: prosperous, comfortable, mid-

tier, at-risk, and distressed>>.

Unlike other indices, such as the Area Deprivation Index (ADI)** or the Social Vulnerability
Index (SVI)*°, which primarily measure deprivation through individual level indicators of
education, income, and housing quality, the DCI° uniquely incorporates dynamic elements, like
business establishment growth and employment trends, that highlight economic cycles and
resilience within communities. This comprehensive, tiered approach allows the DCI to offer a
more nuanced view of socioeconomic landscapes, aiding policymakers, researchers, and the

public in identifying areas most in need of intervention and resource allocation

The DCI, which incorporates community-level economic metrics such as business vitality and
job growth, may offer additional insights into how economic conditions at the community level
influence surgical access and outcomes®. The Economic Innovation Group (EIG)*’, a bipartisan
public policy organization established in 2013, aims to tackle critical economic challenges in the

United States through innovative research and data-driven advocacy. As part of its efforts, EIG



developed the DCI, which provides a composite ranking of socioeconomic distress by ZIP code.
The DCI is based on seven key indicators: unemployment, education level, poverty rate, median
household income, number of business establishments, job growth, and housing vacancy rates.
This index has been validated as an effective tool for assessing the level of socioeconomic
distress within communities®®. This measure is particularly useful for identifying areas where
social and economic disadvantages may impact health outcomes and access to resources, making
it a valuable tool for research focused on health disparities and community-level factors affecting
public health. There is a need for more research that incorporates both individual- and
neighborhood-level factors to fully understand the complex interplay between nSES and health

outcomes following bariatric surgery.

The Maryland Global Budget Payment System

On January 1, 2014, Maryland launched an innovative All-Payer Model®’, transitioning the
state's hospital payment structure to an all-payer, annual global budget system covering almost
all inpatient and outpatient hospital services. Building on Maryland's legacy of pioneering
healthcare payment reform, which began in the 1970s with a regulated all-payer hospital rate-
setting system, the All-Payer Model was developed in partnership with the Centers for Medicare
& Medicaid Services (CMS). This model set Maryland apart from other states by exempting its
hospitals from Medicare's standard Inpatient Prospective Payment System (IPPS) and Outpatient
Prospective Payment System (OPPS), contingent on Maryland keeping Medicare inpatient cost
growth below the national rate. However, as Maryland’s cost per admission outpaced the
national trend, the state risked losing its exemption®. Additionally, the old model’s focus on
payment per admission conflicted with contemporary healthcare reforms prioritizing

coordinated, value-based care.



In response, Maryland proposed a model that capped total hospital revenues through global
budgets rather than individual admissions®. By July 2014, all 46 general acute care hospitals in
Maryland adopted global budgets, covering 95% of hospital revenue®. Although new to most,
global budgets had been piloted in 10 rural hospitals under the earlier Total Patient Revenue
(TPR) program®. Maryland’s agreement with CMS required the state to achieve specific goals

over five years:

1. Readmission and Complication Reduction: Maryland aimed to match the national 30-
day readmission rate and reduce preventable complications by 30%>°.

2. Total Cost of Care (TCOC) Limits: Annual growth in per-beneficiary TCOC for
Maryland’s Medicare population could not exceed the national rate by more than 1% in
any given year, with growth capped at or below the national rate in at least one of every
two years”.

3. Population Health Reporting: Maryland was required to submit annual reports on

various health outcomes to CMS>°.

Each hospital’s budget was set based on 2013 revenues, adjusting annually for inflation, volume
changes due to population shifts, and other factors like reductions in avoidable hospital use (e.g.,
readmissions), quality improvements, and uncompensated care adjustments>’. The Health
Services Cost Review Commission (HSCRC) then set uniform service rates that Maryland
hospitals used to bill all payers, with a 6% discount for Medicare and Medicaid, which had been
in place before the model’s implementation®'. Although revenue caps applied to most services
for both Maryland and out-of-state residents, hospitals could earn additional revenue outside the

global budget for services like home health, outpatient renal dialysis, and skilled nursing*’.



Hospitals were incentivized to stay within budget. If actual utilization deviated from projections,
causing revenues to differ from the global budget, the HSCRC adjusted the next year’s budget to
compensate for underages or recoup overages’. Overages or underages exceeding 0.5% of the
hospital budget were penalized to deter chronic overcharging or undercharging. Since exact
alignment with utilization forecasts was challenging, hospitals were allowed rate adjustments

within a 5% margin to meet their budget, with stricter limits requiring HSCRC approval®.

The All-Payer Model also marked the first step toward a population-based payment model.
Maryland's agreement with CMS required it to transition by 2019 to a model focusing on per
capita TCOC across all healthcare services, not just hospital costs. To facilitate this shift,
Maryland introduced the Care Redesign Program (CRP) in 2017%°. The CRP’s two tracks, the
Hospital Care Improvement Program (HCIP) and Complex and Chronic Care Improvement
Program (CCIP), allowed hospitals to coordinate with community providers to improve patient

transitions and manage high-cost, complex patients’.

Maryland successfully met the All-Payer Model’s terms by 2019, paving the way for the Total
Cost of Care (TCOC) Model*”. The TCOC Model retained hospital global budgets, expanded the
CRP to include a third track focused on bundled payments for episodes of care, and introduced
the Maryland Primary Care Program. This new program supports primary care providers in
delivering advanced care and aligns incentives with TCOC goals, further driving Maryland’s

shift to a statewide, value-based care model that controls total healthcare costs®?.

Conducting this present research using the Maryland SID provides comprehensive, uniform data
on all hospital admissions across the state, eliminating payer-based disparities®. Its global

budget system reduces financial incentives to increase surgical volumes, allowing analysis of



utilization patterns based on true patient needs. The model’s emphasis on reducing preventable
admissions and complications aligns with our goal of evaluating short-term postoperative
outcomes, especially for individuals living in lower-SES neighborhoods. Additionally, incentives
for quality improvements and resources allocated to at-risk populations support equitable care®.
Together, these factors make Maryland’s model ideal for studying nSES-related disparities in

bariatric surgery access and outcomes.

Theoretical Framework: Andersen’s Behavioral Model of Health Services Use

The Andersen Behavioral Model of Health Services Use provides a structured approach to
understanding how various factors influence healthcare utilization by categorizing them into
predisposing characteristics, enabling resources, and need factors. This model, initially
developed in the 1960s by Ronald Andersen, emphasizes that healthcare-seeking behaviors are
not only determined by individual needs but are shaped by broader social and environmental

contexts®>%°,

Predisposing characteristics include demographic factors (age, gender, race) and social structures
like socioeconomic status (SES), which play a role in determining healthcare behaviors®®*’.
Higher-SES individuals or those from affluent neighborhoods may have more favorable health-
seeking behaviors and support networks, which can increase healthcare access and willingness to

seek elective interventions, such as bariatric surgery®®%.

Enabling resources refer to the financial, community, and healthcare system resources that
facilitate access to care. These include individual resources (e.g., income, health insurance) and
neighborhood-level resources, like proximity to healthcare facilities and specialist availability,

which influence whether individuals can realistically access needed services. Lower-SES
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neighborhoods may lack these resources, hindering access to bariatric surgery despite medical

necessity*’.

Need factors represent both perceived and evaluated health needs, such as severe obesity, which
drives demand for bariatric surgery. While need factors typically signal when care is warranted,
perceptions around these needs shaped by SES can alter the likelihood of seeking or prioritizing
care’®. The Andersen Model thus provides a comprehensive framework for evaluating how
neighborhood SES may influence both the decision to pursue bariatric surgery and subsequent

health outcomes.

Study Rationale

The rationale for this study is based on the growing recognition that neighborhood context
matters for health outcomes. Despite substantial evidence linking nSES to various health
outcomes, its role in bariatric surgery utilization, short-term postoperative outcomes and on
healthcare quality measures such as prolonged hospital stay and readmissions is not well
understood. Given the increasing prevalence of obesity and the recognized disparities in surgical
care, this study addresses a critical gap by focusing on the independent effect of nSES on
bariatric surgery in Maryland. The findings of this study will inform future interventions to

reduce disparities and improve the quality of care for vulnerable populations.

Project Narrative
Obesity affects nearly 42% of U.S. adults aged 20 and older’® and is linked to chronic
diseases such as hypertension, diabetes, and heart failure, which contribute significantly to

morbidity and mortality’"’?. Severe obesity (BMI > 40) exacerbates these risks, driving up
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healthcare costs and straining public health resources, with an estimated annual economic impact
exceeding $260.6 billion as of 20167°and $347.5 billion in 202374, Bariatric surgery provides
effective, sustained weight loss and improves obesity-related health conditions when lifestyle
changes and medical treatments are insufficient. However, access to and outcomes of bariatric
surgery are not equally available across all populations, with neighborhood socioeconomic status
(nSES) playing a crucial role in influencing who undergoes surgery and their short-term
postoperative outcomes.

This study hypothesizes that neighborhood SES is a significant factor in bariatric surgery
utilization and outcomes, with individuals from low-SES neighborhoods facing greater barriers
to surgery access and poorer postoperative outcomes. Guided by Andersen’s Behavioral Model
of Health Services Use, this study will evaluate how neighborhood SES impacts surgery rates,
complications (such as gastrointestinal leaks and venous thromboembolism), and healthcare
quality measures (Prolonged hospital stays and readmissions) among patients in Maryland,
utilizing the Maryland State Inpatient Database. Additionally, it will utilize the ADI, which has
been a gold standard for measuring nSES as a sensitivity check on the findings generated by

utilizing the DCI as a measure of nSES in this study.

Specific Aims

Obesity affects 42% of U.S. adults of adults aged 20 and older’® and is linked to chronic
conditions like hypertension, diabetes, and heart failure, leading to increased morbidity and pre-
mature mortality’>’®. Severe obesity (BMI > 40) poses even greater health risks”. The economic
impact exceeds $140 billion annually, including direct medical expenses and indirect costs such

as lost productivity and absenteeism®. Bariatric surgery is the most effective treatment for
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severe obesity, leading to sustainable weight loss and improved comorbidities like diabetes and
heart disease when lifestyle and medical therapies are insufficient®!*? [7-8]. Procedures such as
gastric bypass and sleeve gastrectomy also lower long-term healthcare costs by enhancing
quality of life and reducing the need for medication and hospitalizations®’. However, disparities
in access to and outcomes following bariatric surgery are not equitably distributed across
populations.

Neighborhood socioeconomic status (nSES), independent of individual SES and race, plays a
critical role in determining who undergoes surgery and influences post-surgical outcomes*>%4.
For example, individuals in socioeconomically deprived neighborhoods are less likely to receive
bariatric surgery despite eligibility*®. This disparity is linked to limited access to resources,
opportunities, and systemic barriers present in these neighborhoods. There is evolving evidence
that structural and systemic factors concentrated in socioeconomically deprived neighborhoods
are associated with worse outcomes. Additionally, incorporating nSES indicators with disease
risk factors significantly improves the accuracy of models predicting disease outcomes,
highlighting the need for a comprehensive approach to address these inequities®>*,

Few studies have explored the impact of nSES on bariatric surgery utilization and short-term
post-operative outcomes. Most research focuses on long-term outcomes, like weight loss, or
examines neighborhood factors such as food deserts*®. The use of indices like the ADI and the
DCI to assess disparities in bariatric surgery is limited and understudied in the literature. The
ADI has been the standard for measuring nSES using 17 individual-level socioeconomic
indicators. The more recent DCI however utilized both individual-level socioeconomic indicators
and additional community-level economic metrics that measures business vitality potentially

enhancing diagnostic accuracy by capturing broader community-level economic dynamics>’*’.
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This study will utilize the Andersen's Behavioral Model of Health Services Use to evaluate
how nSES influences bariatric surgery utilization and short-term post-operative outcomes among
adults with severe obesity in Maryland. Maryland’s All-Payer Model reduces variability in cost
and access to surgical services, making it a particularly compelling environment for this study®’.
I will use the Maryland SID, (2018-2022) for this study with analysis focusing on all individuals

aged 18 and above eligible for bariatric surgery. The specific aims are as follows:

Aim 1. To assess if there is an independent association between nSES and the proportion of
eligible patients undergoing bariatric surgery in Maryland.
e Hypothesis la: Patients from neighborhoods with lower nSES will be less likely to
undergo bariatric surgery compared to those from higher nSES neighborhoods.
e Hypothesis 1b: The interaction between race/ethnicity and nSES will significantly
influence the likelihood of undergoing bariatric surgery with minority groups such as
Blacks and Hispanics living in the poorest neighborhoods having the lowest utilization
rates.
Aim 2. To evaluate the independent association between nSES and post-operative complications
after bariatric surgery, including gastrointestinal leaks, surgical site infections, and venous
thromboembolisms (VTE).
e Hypothesis 2a: Lower nSES will be associated with higher rates of gastrointestinal leaks.
e Hypothesis 2b: Lower nSES will be associated with higher rates of gastrointestinal
bleeding.

e Hypothesis 2b: Lower nSES will be associated with higher rates of VTE.
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e Hypothesis 2c: The interaction between race/ethnicity and nSES will significantly
influence the rates of gastrointestinal leaks, bleeding and VTE with minority groups such
as Blacks and Hispanics living in the poorest neighborhoods having the highest
complication rates.

Aim 3. To evaluate the independent association between nSES and healthcare quality measures

such as prolonged hospital stays and readmissions.

e Hypothesis 3a: Lower nSES will be associated with longer hospital stays.

e Hypothesis 3b: Lower nSES will be associated with higher risk of hospital readmissions.

e Hypothesis 3c: The interaction between race/ethnicity and nSES will affect the
association between nSES and both prolonged hospital stays and readmissions with
minority groups such as Blacks and Hispanics living in the poorest neighborhoods having

the highest healthcare resource utilization rates
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Chapter 2: PAPER 1: Bariatric Surgery Utilization

Variation of Bariatric Surgery Utilization by Neighborhood Socioeconomic Status in Maryland

ABSTRACT

Introduction: Bariatric surgery is an effective treatment for severe obesity; however, significant
disparities persist in its utilization, particularly among socioeconomically disadvantaged
populations. The influence of neighborhood socioeconomic status (nSES) on bariatric surgery

utilization remains understudied.

Objective: This study examines the association between nSES and bariatric surgery utilization in

Maryland and evaluates whether this relationship varies by race and ethnicity.

Methods: We conducted a cross-sectional analysis using data from the Maryland State Inpatient
Database (2018-2020), linked with the Distressed Communities Index (DCI). Adults aged >18
years with a BMI >35 kg/m? were considered eligible for bariatric surgery. nSES was
categorized into five tiers: prosperous, comfortable, mid-tier, at-risk, and distressed. Race and
ethnicity were self-reported and classified as non-Hispanic White, non-Hispanic Black, Hispanic,
and Other. Multivariable logistic regression models, adjusted for age, sex, race/ethnicity,
insurance status, comorbidities, obesity class, and urbanicity, were used to assess the association
between nSES and surgery utilization. Interaction terms evaluated potential effect modification

by race and ethnicity.

Results: Among 154,665 eligible individuals, only 10,784 (7.0%) underwent bariatric surgery.

Most recipients were female (83.2%), with Black (48.3%) and White (44.8%) individuals

16



comprising the largest racial groups. A socioeconomic gradient was evident: individuals from
distressed neighborhoods had 30% lower odds of undergoing surgery (OR: 0.70; 95% CI: 0.64—
0.76) compared to those from prosperous areas. The odds were similarly reduced for those in
mid-tier (OR: 0.74; 95% ClI: 0.70-0.79), at-risk (OR: 0.89; 95% CI: 0.83-0.96), and comfortable
(OR: 0.89; 95% ClI: 0.84-0.95) neighborhoods. Race significantly modified this relationship:
Black individuals were more likely than White individuals to undergo surgery across all DCI

quintiles, with marginal effects ranging from 0.90% in prosperous to 2.10% in distressed areas.

Conclusions: Bariatric surgery remains underutilized, especially among individuals residing in
socioeconomically distressed neighborhoods. However, race moderates this association, with
Black individuals consistently exhibiting higher utilization than White individuals across all

levels of neighborhood socioeconomic status.

Implications: Interventions aimed at improving bariatric surgery access should focus on
reducing structural barriers in disadvantaged neighborhoods. Culturally informed outreach
strategies and equitable referral systems may enhance utilization, particularly among historically

underserved racial and ethnic groups.
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INTRODUCTION

Severe obesity represents a significant public health challenge, with far-reaching implications for
individual health, healthcare systems, and societal well-being®-%2. Bariatric surgery, also known
as weight loss surgery, has emerged as an effective and evidence-based intervention for
managing severe obesity and its associated comorbidities'®®, By providing sustained weight
loss, improved metabolic profiles, and enhanced quality of life, bariatric surgery has proven to be
a critical treatment for patients who meet the eligibility criteria of body mass index (BMI)

thresholds with coexisting medical conditions®*

Although the impact of individual income on disparities in healthcare access and health
outcomes is well-established, the role of neighborhood socioeconomic status (nSES) is gaining
recognition as a significant determinant of health %%, The cumulative effects of social and
economic disadvantage in distressed neighborhoods can influence health behaviors, access to
healthcare, and ultimately, the utilization of critical services such as bariatric surgery?’,
Measures like the Distressed Communities Index (DCI) provide a comprehensive framework for
assessing nSES, categorizing neighborhoods based on economic, social, and health metrics®®9:9,
However, the association between nSES and bariatric surgery utilization, particularly when

accounting for potential modifiers like race and ethnicity, remains underexplored.

Racial and ethnic disparities in socioeconomic status, healthcare access, and insurance coverage
further contribute to inequities in bariatric surgery utilization *1%, Black and Hispanic
populations, who disproportionately reside in socioeconomically disadvantaged neighborhoods,
face structural barriers that limit access to surgical care %2192, Although bariatric surgery is

typically covered by public and private insurance, reimbursement policies may still pose

18



challenges for both patients and providers'®*1%, Patients often face variable out-of-pocket costs
depending on their insurance plan, and low-income individuals may delay or forgo surgery due
to upfront expenses'®. In addition, declining reimbursement rates for bariatric procedures such
as the 32.8% decrease for sleeve gastrectomy between 2010 and 2022 may discourage provider
availability or limit surgical capacity in underserved areas'®’1%, Understanding the interplay
between nSES and race and ethnicity is critical for addressing these disparities and ensuring

equitable access to bariatric surgery.

This study aims to evaluate the association between neighborhood socioeconomic status (nSES)
and bariatric surgery utilization in Maryland, a state characterized by demographically diverse
populations and significant socioeconomic variation across communities. As of recent data,
approximately 34.3% of adults in Maryland were classified as obese, which is slightly above
some reported national averages but consistent with broader trends of rising obesity rates across
the U.S'%. Maryland is located in a region known for its high utilization of bariatric surgery,
reflecting both a significant disease burden and active engagement in surgical obesity treatment.
This regional trend suggests a strong commitment to addressing obesity through surgical
interventions'*®. Using data from the 2018—-2020 Maryland State Inpatient Database (SID)
merged with DCI scores, this study investigates the extent to which nSES influences the
likelihood of undergoing bariatric surgery among eligible patients. Furthermore, the study
examines whether race and ethnicity modifies this association, providing insights into the
nuanced ways socioeconomic and racial factors intersect to shape healthcare access Furthermore,
the study examines whether race and ethnicity modify this association. We hypothesize that
patients from more distressed neighborhoods will be less likely to undergo bariatric surgery, and

that this relationship will vary by race and ethnicity—such that racial and ethnic minorities in
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highly distressed areas may experience different patterns of access or utilization compared to

their White counterparts.

METHODOLOGY

Study Design

This study utilized a cross-sectional design to evaluate the relationship between nSES, as
measured by the (DCI, and the likelihood of bariatric surgery utilization among eligible patients
in Maryland. The analysis also investigated the interaction between race and ethnicity and nSES
in influencing bariatric surgery utilization. The cross-sectional design is appropriate for assessing

population-level associations at a specific time point and is consistent with the study objectives.

Data Source

Data for this study were derived from the Maryland State inpatient datasets''!, a comprehensive
statewide administrative dataset that integrates hospital discharge records, demographic
information, and socioeconomic indicators. The dataset includes all eligible patients undergoing
bariatric surgery in Maryland from January 1, 2018, to December 31, 2020. The Distressed
Communities Index (DCI) data'? was linked to patient-level records based on residential ZIP
codes. The DCI encompasses metrics such as poverty rates, housing vacancy, educational
attainment, and income inequality, providing a robust composite measure of neighborhood
distress. The Distressed Communities Index (DCI) is a composite measure developed by the
Economic Innovation Group (EIG) in 2013!2, It evaluates socioeconomic deprivation at the
community level, focusing on the economic health and vulnerabilities of neighborhoods across

the United States. The DCI is widely recognized for its ability to quantify the socioeconomic
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well-being of ZIP code-level communities using seven key metrics and has been used in several
prior studies examining the impact of neighborhood socioeconomic status and health

outcomes®&110,

The DCI integrates seven core metrics that collectively capture economic and social
vulnerabilities!'!. These include the percentage of adults aged 25 years and older without a high
school diploma or equivalent, the proportion of vacant housing units adjusted for seasonal,
recreational, or occasional use, and the percentage of the working-age population (ages 25-54)
not engaged in the labor force, which includes both unemployed individuals and those not
actively seeking work. Additional metrics cover the percentage of residents living below the
federal poverty line, the median household income as a percentage of the median income in the
corresponding metro area or state, and changes in both the number of business establishments
and employed individuals within the ZIP code over a specified period. These metrics are
normalized and ranked to generate a DCI score for each community, with scores ranging from 0
(no distress) to 100 (severe distress), representing a relative measure of socioeconomic

disadvantage!®112,

Study Population

The study population consisted of adults aged 18 years and above who are eligible for bariatric
surgery based on clinical guidelines, including a body mass index (BMI) >40 kg/m? or BMI >35
kg/m2 with comorbid conditions®. Patients were identified using International Classification of
Diseases, 10th Revision (ICD-10) procedure codes specific to bariatric surgery. This study
included adults aged 18 years or older who met clinical guidelines for bariatric surgery eligibility

and were Maryland residents, as identified by ZIP code.
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Explanatory Variable

The DCI can be operationalized in two forms: as a continuous variable and as a categorical
variable. Each community is assigned a DCI score based on its performance across the seven
metrics, which serves as a granular measure of socioeconomic distress and enables comparisons
across ZIP codes and regions. Alternatively, the DCI is categorized into five distinct tiers based
on percentile rankings of ZIP codes. These tiers include Prosperous (Oth to 20th percentile),
Comfortable (21st to 40th percentile), Mid-Tier (41st to 60th percentile), At-Risk (61st to 80th
percentile), and Distressed (81st to 100th percentile). This categorical operationalization
facilitates the identification of trends and disparities within socioeconomic strata and simplifies

interpretation for policy development and public health research.

Outcome Variable

The outcome, bariatric surgery utilization, was defined as undergoing any bariatric procedure
during the study period. Bariatric procedures were identified using ICD-10 procedure codes (see
Appendix), which included Roux-en-Y gastric bypass, sleeve gastrectomy, and other approved
bariatric interventions. This variable was binary, coded as 1 for patients who underwent surgery

and 0 for those who did not.

Covariates

Covariates included individual-level demographic and clinical variables to control for potential
confounders. Age was modeled as both a continuous and a categorical variable. As a continuous
variable, it was defined for individuals aged 18 years and older. As a categorical variable, age

was classified into three groups: 18-44 years (reference group), 45-64 years, and >65 years.
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Other. Moreover, sex was categorized as male or female. Race and ethnicity were classified into
four groups: White, Black, Hispanic, and Other. The Other category included individuals
identified as Asian/Pacific Islander, Native American, multiracial or mixed race, and those who
did not report or declined to state their race or ethnicity. Insurance type was categorized as self-
pay, Medicare, Medicaid, private insurance, or other, based on the primary payer listed at the
time of hospitalization. In cases where patients had multiple forms of coverage, the primary
source of insurance was used for classification in this study. Obesity class was defined according
to BMI thresholds: Class | (BMI 30-34.9), Class Il (BMI 35-39.9), or Class III (BMI >40).
Individuals classified as BMI Class | were excluded, as they did not meet the eligibility criteria
for bariatric surgery. The Charlson Comorbidity Index (CCI) was included as a measure of
overall health status and was categorized into three levels: 0, 1-2, or greater than 2. Finally, the
year of surgery was included as a covariate to account for temporal trends in bariatric surgery

utilization.

Statistical Analysis

Baseline characteristics of the study population were summarized using frequencies and
percentages for categorical variables. Differences between patients undergoing bariatric surgery
and those who did not were assessed using chi-square tests for categorical variables and t-tests

for continuous variables.

Logistic regression models are employed to estimate the association between neighborhood
socioeconomic status (nSES) and likelihood of bariatric surgery utilization among eligible
individuals. The primary explanatory variable, nSES, is measured using the DCI, which is

included in the models as both a continuous variable and a categorical variable. Covariates are
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incrementally added across four sequential models to control for potential confounders. Model 1
examines the unadjusted association between DCI and bariatric surgery utilization. Model 2
incorporates demographic variables, including age (continuous), sex (male or female), and race
and ethnicity (White, Black, Hispanic, Asian/Pacific Islander, Native American, or Other).
Model 3 further adjusts for clinical factors, including obesity class (Class I, 11, or 11), the
Charlson Comorbidity Index (categorized as 0, 1-2, or >2), and insurance type (self-pay,
Medicare, Medicaid, private insurance, or other). Model 4 includes socioeconomic covariates

and insurance types.

An interaction term between race/ethnicity and the Distressed Communities Index (DCI)
quintiles was incorporated to assess whether the association between neighborhood
socioeconomic status (nSES) and bariatric surgery utilization varies across racial and ethnic
groups. To appropriately interpret this interaction within a nonlinear logit model, we employed
marginal effects at representative values using the margins command in Stata. This method
estimates the change in the predicted probability of bariatric surgery utilization for each
racial/ethnic group across DCI quintiles, relative to the reference category. The results are
presented as average marginal effects, which provide a more interpretable measure of the
interaction than raw model coefficients in nonlinear models. This approach is supported by
methodological literature emphasizing the importance of marginal effects for interpreting
interactions in nonlinear models, where coefficients cannot be directly interpreted in the same
manner as in linear models'!3114, A statistically significant interaction effect suggests that the
relationship between nSES and bariatric surgery utilization differs by race and ethnicity,

underscoring the need for intersectional approaches to understanding healthcare disparities.
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The final model specification is as follows:

Logit(P(Y=1)) = a + B1(DCI) + B2(Covariates) + B3(Race) + f13(Race x DCI), where Y
represents bariatric surgery utilization, a is the intercept, and 13 captures the interaction effect

of race/ethnicity and DCI.

Several sensitivity analyses were performed to evaluate the robustness of the study’s findings.
These included re-assessing the relationship between DCI and bariatric surgery utilization using
alternative categorizations of DCI (e.g., using DCI as a continuous variables) and propensity
score matching to address potential selection bias. Additionally, the Area Deprivation Index
(ADI) was used as an alternative measure of neighborhood SES to confirm the consistency of

findings.

Ethical Considerations

This study utilized de-identified administrative data and was exempt from Institutional Review

Board (IRB) oversight by the University of Maryland Institutional Review Board (2284677-1).

RESULTS:

Baseline Characteristics

Of the 154,665 individuals eligible for bariatric surgery in Maryland, demographic and clinical
characteristics varied significantly across the five DCI quintiles (Table 1). Individuals in more
distressed communities were younger, with the mean age declining from 58.1 + 15.8 years in
prosperous neighborhoods to 54.4 + 15.2 years in distressed areas (p < 0.001). The proportion of

individuals aged 18-44 was highest in distressed communities (26.6%) and lowest in prosperous
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communities (19.7%), while the reverse was true for those aged >65 years (28.4% vs. 40.0%,

(Table 1).

Women comprised a greater share of the population in distressed areas (69.5%) compared to
prosperous ones (61.7%) (p < 0.001). Racial distribution differed markedly by DCI quintile:
Black individuals were disproportionately represented in distressed areas (61.9%) and
underrepresented in prosperous ones (24.6%), while White individuals made up 69.7% of those

in prosperous areas compared to 35.5% in distressed areas (p < 0.001).

Insurance coverage also varied across quintiles. Private insurance was more common in
prosperous (41.2%) and comfortable (36.9%) neighborhoods, while Medicaid coverage increased
with socioeconomic distress—from 11.8% in prosperous areas to 31.7% in distressed
communities (p < 0.001). Medicare utilization was relatively consistent across groups. Higher
comorbidity burden (Charlson Comorbidity Index >2) was more prevalent in distressed

communities (65.4%) compared to prosperous ones (61.5%) (Table 1).

Obesity class distribution revealed that Class 11 obesity was more common in distressed
communities (64.4%) versus prosperous ones (56.2%), while Class I obesity followed the
opposite pattern (35.6% vs. 43.8%) (p < 0.001). Lastly, geographic distribution showed stark
contrasts, with urban residents predominantly from distressed areas (67.8%) and suburban
residents mainly from prosperous (77.8%) and comfortable (80.1%) communities. Rural and
small-town residents were least represented in distressed communities (1.5% and 15.8%,

respectively; Table 1).
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Baseline Characteristics of Bariatric Surgery Eligible Individuals by Utilization Status

Among 154,665 individuals eligible for bariatric surgery in Maryland, only 7.0% (n = 10,784)
underwent the procedure, while 93.0% (n = 143,881) did not (Table 2). Patients who received
surgery were significantly younger, with a mean age of 44.1 + 11.6 years, compared to 57.2 +
15.8 years among non-utilizers (p < 0.001). Over half (52.5%) of those who underwent surgery
were aged 18-44 years, whereas only 22.0% of non-utilizers fell in this age range. In contrast,

36.0% of non-utilizers were aged >65, compared to just 4.5% of those who had surgery (Table

2).

Surgical utilization also varied by neighborhood socioeconomic status (DCI). Individuals from
prosperous (24.5%) and comfortable (28.6%) neighborhoods were more likely to undergo

surgery than those from distressed neighborhoods (12.6%; p < 0.001).

Racial and ethnic disparities were evident. Black individuals comprised 48.3% of surgery
recipients compared to 40.0% of non-utilizers, while White individuals made up a smaller

proportion of the surgery group (44.8%) compared to non-utilizers (54.3%; p < 0.001).

Insurance coverage patterns differed substantially between groups (p < 0.001). Surgery patients
were far more likely to have private insurance (70.1%) compared to non-utilizers (30.6%), and

far less likely to be covered by Medicare (9.0% vs. 46.2%).

Women were significantly more likely to undergo surgery, accounting for 83.2% of the surgery

group compared to 64.1% of non-utilizers (Table 2).
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Patients who underwent surgery had fewer comorbidities. Only 36.3% had a Charlson
Comorbidity Index (CCI) >2, compared to 64.3% of non-utilizers (p < 0.001). Conversely,

30.0% of surgery patients had no comorbidities (CCI = 0), compared to 15.4% of non-utilizers.

Regarding obesity classification, Class 111 obesity was more prevalent among surgery recipients

(78.3%) than non-utilizers (58.3%; p < 0.001).

Geographic distribution differed slightly across groups, with statistical significance but limited
clinical differences. Suburban residence was the most common in both groups (67.5% among

utilizers vs. 66.2% among non-utilizers; Table 2).

Factors associated with bariatric surgery utilization in Maryland

Multivariable logistic regression revealed significant associations between neighborhood
socioeconomic status, demographic characteristics, insurance type, comorbidities, and bariatric

surgery utilization in Maryland between 2018 and 2020 (Table 3).

Compared to individuals from prosperous neighborhoods, the odds of undergoing bariatric
surgery were significantly lower for those in mid-tier (OR =0.743, 95% CI: 0.698-0.792) and
distressed neighborhoods (OR = 0.697, 95% CI: 0.639-0.760). A similar trend was seen for
individuals in comfortable (OR = 0.893, 95% CI: 0.842-0.946) and at-risk neighborhoods (OR =

0.893, 95% CI: 0.832-0.959).

Age was inversely associated with surgery utilization. Patients aged 45-64 years had
significantly lower odds of receiving bariatric surgery compared to those aged 18-44 (OR =

0.463, 95% ClI: 0.441-0.486), and those aged >65 years had dramatically lower odds (OR =
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0.142, 95% CI: 0.128-0.158). Females were more than twice as likely as males to undergo

bariatric surgery (OR = 2.620, 95% ClI: 2.482-2.765).

In terms of race and ethnicity, Black individuals had significantly higher odds of surgery
compared to Whites (OR = 1.297, 95% CI: 1.238-1.359), as did Hispanic individuals (OR =
1.114, 95% CI: 1.005-1.235). No significant differences were observed among individuals

categorized as “Other.”

Insurance type was strongly associated with utilization. Compared to self-pay patients, those
with private insurance had the highest odds of surgery (OR = 8.611, 95% CI: 6.077-12.200),
followed by those with other insurance (OR = 3.160), Medicaid (OR = 2.783), and Medicare

(OR =1.726) (all p<0.01).

Patients with Obesity Class I11 were more than twice as likely to receive surgery compared to

those with Class Il obesity (OR = 2.252, 95% CI: 2.145-2.365).

Comorbidity burden was also associated: patients with a CCl of 1-2 had increased odds (OR =

1.528, 95% CI: 1.444-1.616), while CCI >2 was not significantly associated with utilization.

Finally, urbanicity revealed geographic disparities. Compared to patients in rural areas, those in
urban (OR = 0.687) and suburban (OR = 0.741) areas were significantly less likely to undergo

surgery, while no significant difference was seen for residents of small towns (Table 3).

Sensitivity Analysis Using the Area Deprivation Index

As a sensitivity analysis, the Area Deprivation Index (ADI) was used in place of the Distressed

Communities Index to assess neighborhood socioeconomic status (Table 4). Individuals from
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moderately deprived neighborhoods (25th—75th percentile) had 18% lower odds of undergoing
bariatric surgery compared to those from the least deprived areas (OR =0.821, 95% CI: 0.778—
0.865, p < 0.001), while those from the most deprived neighborhoods (>75th percentile) had
21% lower odds (OR =0.790, 95% CI: 0.747-0.835, p < 0.001). These findings confirm a
consistent socioeconomic gradient in bariatric surgery utilization, reinforcing the robustness of

the primary results (Table 4).

Race as a Moderator of the Association between Neighborhood Distress and Bariatric Surgery

Utilization.

The association between neighborhood socioeconomic status—measured using the Distressed
Communities Index (DCI)—and bariatric surgery utilization showed variation by race. Across all
DCI quintiles, Black patients were more likely than White patients to undergo bariatric surgery.
The marginal effect of being Black versus White increased with community distress, from 0.2%
(95% CI: —0.4%, 0.9%) in the most prosperous neighborhoods to 1.8% (95% CI: 1.2%, 2.3%) in
the most distressed communities. In the middle three quintiles (Comfortable, Mid-Tier, and At-
Risk), the marginal effects ranged from 1.0% to 1.3%, all statistically significant except in the
most prosperous areas. (Figure 1). For individuals categorized as 'Other' race/ethnicity, race did
not appear to moderate the association between bariatric surgery utilization and the Distressed
Communities Index, suggesting no significant variation in utilization across DCI quintiles within

this subgroup (Table 4).
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DISCUSSION

This study yielded three important findings. First, despite meeting eligibility criteria, only 6.5%
of individuals underwent bariatric surgery higher than the national average of 1% but still
markedly low, highlighting a substantial gap between clinical eligibility and treatment uptake.
Second, there was a clear socioeconomic gradient in bariatric surgery utilization. Individuals
residing in socioeconomically distressed neighborhoods, as measured by the Distressed
Communities Index (DCI), were significantly less likely to undergo surgery compared to those in
more affluent areas. Surgery rates were highest among individuals in prosperous communities
and declined progressively across increasing levels of neighborhood disadvantage. Third, race
and ethnicity moderate the association between neighborhood socioeconomic status and bariatric
surgery utilization. Black individuals had significantly higher utilization than White individuals
across all DCI quintiles, with the largest difference observed in the most distressed
neighborhoods. In contrast, Hispanic individuals only had significantly higher utilization than
Whites when residing in the most distressed neighborhoods. For other racial and ethnic groups,
race did not significantly modify the relationship between neighborhood distress and surgery

utilization.

These findings highlight a complex interaction between race, place, and access to bariatric
surgery. The observed decline in utilization among residents of more distressed communities
aligns with previous literature indicating that lower neighborhood socioeconomic status (nSES)
is associated with reduced access to elective surgical care**>115116 Contributing factors may
include limited healthcare infrastructure, fewer specialty providers, transportation challenges,

and lower health literacy in underserved communities''®>1"118 Despite Maryland’s All-Payer
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Model which minimizes variation in hospital reimbursement rates and aims to reduce healthcare

disparities these structural barriers persist and continue to shape access to surgical obesity

CarellQ,lZO_

The higher odds of bariatric surgery among Black individuals across all levels of neighborhood
distress contrasts with national patterns that typically show lower utilization among Black
patients!®121122 This divergence may reflect a combination of increased clinical need, greater
provider awareness of obesity disparities, and public health or hospital-level efforts to promote
equitable access'?3. In addition, obesity is more prevalent and often more severe among Black
individuals, potentially leading to higher referral rates*?*12°. The consistent pattern across all
DCI quintiles, with a notable intensification in distressed areas, indicates that targeted equity-
promoting strategies may be working more effectively in these settings. In contrast, Hispanic
patients only experienced greater utilization in the most distressed neighborhoods, indicating
persistent disparities in more socioeconomically advantaged areas*?®. Cultural and linguistic
barriers, immigration-related concerns, and differences in healthcare-seeking behavior may

contribute to these patterns and warrant targeted intervention?’-1%°,

Together, these results underscore the importance of intersectional approaches to understanding
disparities in bariatric surgery. While race and neighborhood disadvantage independently affect
access to care, their interaction reveals deeper structural inequities that influence treatment
uptake'3133, Tailored strategies are needed to expand access in high-poverty neighborhoods and
to ensure that underrepresented racial and ethnic groups are not overlooked in referral and
treatment pathways**. Future research should explore the mechanisms underlying these patterns,

including qualitative assessments of patient experience and provider decision-making. By
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addressing both community- and individual-level barriers, public health systems can move

toward more equitable delivery of bariatric surgery.

Study Limitations

This study has important strengths. The use of the Distressed Communities Index, a
multidimensional and validated measure of neighborhood socioeconomic status, offers a
comprehensive assessment of community-level deprivation and its impact on bariatric surgery
utilization. Conducted in Maryland, a state operating under the All-Payer Model, the study
benefits from a unique policy environment that reduces variability in hospital reimbursement
rates and minimizes financial barriers. This setting allows for a more focused analysis of non-
financial determinants of healthcare access. In addition, the use of a large, population-based
dataset that captures a racially and ethnically diverse cohort enhances the internal validity and

generalizability of the findings within the state of Maryland.

However, this study also has important limitations. The use of administrative inpatient data
restricts the analysis to available clinical and demographic variables, limiting the ability to
account for individual-level factors such as health beliefs, cultural perceptions, patient
preferences, and implicit provider biases that may influence surgery uptake. The dataset also
lacks information on outpatient referral patterns, and insurance precertification processes which
could further contextualize the observed disparities. In addition, because the study design is
cross-sectional, causal inferences regarding the relationship between nSES, race/ethnicity, and

bariatric surgery utilization should be made cautiously.
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Future research should prioritize longitudinal designs to examine how changes in neighborhood
conditions and healthcare policies influence bariatric surgery access over time. Qualitative
studies could further enrich understanding by capturing patient and provider perspectives on
barriers and facilitators to surgery. Efforts to expand access should focus on addressing structural
barriers in socioeconomically distressed communities, such as limited healthcare infrastructure
and transportation challenges. Culturally tailored public health initiatives particularly those
targeting Hispanic populations may help bridge communication gaps and enhance informed
decision-making. Provider training and standardized referral protocols may also help ensure

equitable access across racial and ethnic groups.

Conclusion:

This study highlights the substantial influence of neighborhood socioeconomic status on bariatric
surgery utilization in Maryland, with individuals residing in the most distressed communities
significantly less likely to undergo surgery compared to those in more affluent areas. Despite this
overall socioeconomic gradient, the moderating role of race and ethnicity reveals important
nuances: Black individuals had consistently higher utilization rates than White individuals across
all DCI quintiles, with the greatest difference observed in the most distressed neighborhoods. In
contrast, Hispanic individuals only exhibited higher utilization in the most socioeconomically
disadvantaged areas, while no significant differences were observed among other racial or ethnic
groups. These findings suggest that while some progress has been made in reducing racial
disparities, particularly for Black patients, structural barriers related to socioeconomic context
continue to limit access especially for Hispanics and those living in distressed neighborhoods. To

promote equity in bariatric surgery access, policymakers and healthcare systems must adopt
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targeted, intersectional strategies that account for both community-level disadvantages and racial

and ethnic disparities.
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TABLES

Table 1: Baseline Characteristics of Bariatric Surgery—Eligible Individuals by Distressed

Communities Index Quintile in Maryland

Total Prosperous| Comfortable | Mid-Tier | At-Risk | Distressed | Chi- p-
Population |(n=33,382)| (n=41,729) |(n=33,934)|(n=20,690)|(n=24,930)| Square | value
(N=154,665)
Age (mean + | 56.2 15.9 | 58.1 15.8 | 57.0 158 |55.5.16.1| 55.315.8 | 54.4 15.2 | 35.768 |<0.001
std)
Age (Yr.) 1.10E+03|<0.001
18-44Yr. 33,002 6,191 (8,315 (21.1%)| 7,288 4,758 6,450
(22.6%) (19.7%) (23.4%) | (24.4%) | (26.6%)
45/64YT. 62,158 12,708 16,647 13,496 8,385 10,922
(42.6%) (40.4%) (42.2%) (43.3%) | (43.0%) | (45.0%)
>64YT. 50,626 12,582 14,444 10,361 6,337 6,902
(34.7%) (40.0%) (36.7%) (33.3%) | (32.5%) | (28.4%)
Female 95,146 19,433 25,292 20,651 12,914 16,856 | 405.039 |<0.001
(65.3%) (61.7%) (64.2%) (66.3%) | (66.3%) | (69.5%)
Race/Ethnicity 1.10E+04/<0.001
White 82,962 23,263 24,932 15,101 10,825 8,841
(53.6%) (69.7%) (59.8%) (44.5%) | (52.3%) | (35.5%)
Black 62,824 8,218 14,474 16,044 8,655 15,433
(40.6%) (24.6%) (34.7%) (47.3%) | (41.8%) | (61.9%)
Hispanic 5,832 1,074 | 1,428 (3.4%) | 2,124 (855 (4.1%)|351 (1.4%)
(3.8%) (3.2%) (6.3%)
Other 3,047 827 (2.5%)| 895 (2.1%) [665 (2.0%)|355 (1.7%)|305 (1.2%)
(2.0%)
Insurance 5.60E+03(<0.001
Self-Pay 1,678 (263 (0.8%)| 420 (1.0%) [533 (1.6%)(259 (1.3%)|203 (0.8%)
(1.1%)
Medicare 67,327 14,691 18,290 14,030 9,060 11,256
(43.6%) (44.1%) (43.9%) (41.4%) | (43.8%) | (45.2%)
Medicaid 31,053 3,935 16,735(16.2%)| 7,512 4,989 7,882
(20.1%) (11.8%) (22.2%) | (24.1%) | (31.7%)
Private 51,525 13,754 15,392 11,157 6,031 5,191
(33.4%) (41.2%) (36.9%) (32.9%) | (29.2%) | (20.9%)
Other 2,921 |708 (2.1%)| 833 (2.0%) (677 (2.0%)(335 (1.6%)|368 (1.5%)
(1.9%)
CClI 180.755 <0.001
CCI =0 25,417 5,528 6,890 (16.5%)| 6,033 3,409 3,557
(16.4%) (16.6%) (17.8%) | (16.5%) | (14.3%)
CCI=1-2 32,848 7,333 8,956 (21.5%)| 7,189 4,292 5,078
(21.2%) (22.0%) (21.2%) | (20.7%) | (20.4%)
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CCIl >2 96,400 20,521 25,883 20,712 12,989 16,295
(62.3%) (61.5%) (62.0%) (61.0%) | (62.8%) | (65.4%)
Obesity 446.972 |<0.001
Classification
Class | Obesity| 62,283 14,627 17,214 13,610 7,961 8,871
(40.3%) (43.8%) (41.3%) (40.1%) | (38.5%) | (35.6%)
Class Il 92,382 18,755 24,515 20,324 12,729 16,059
Obesity (59.7%) (56.2%) (58.8%) (59.9%) | (61.5%) | (64.4%)
Urban 6.00E+04/<0.001
Rural 12,817 4,073 |3,595(8.6%) | 2,788 1,990 |371 (1.5%)
(8.3%) (12.2%) (8.2%) (9.6%)
Small Town 10,554 1,416 |3,113(7.5%) | 1,643 |451(2.2%)| 3,931
(6.8%) (4.2%) (4.8%) (15.8%)
Suburban 102,561 25,965 33,423 25,463 13,988 3,722
(66.3%) (77.8%) (80.1%) (75.0%) | (67.6%) | (14.9%)
Urban 28,733 1,928 |1,598(3.8%)| 4,040 4,261 16,906
(18.6%) (5.8%) (11.9%) | (20.6%) | (67.8%)
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Table 2: Baseline Characteristics of Bariatric Surgery Eligible Individuals by Utilization Status

Bariatric Surgery Total Bariatric Non-Utilizers Chi- P-
Utilization Population surgery Squar | value
Utilizers e
(N=154,665) (N=10,784) (n=143,881)

Age (Yr.) 56.2 +15.9 441 +11.6 57.2+15.38 t=84. | <0.001
348

Age (Yr.) 6.80E | <0.001
+03

18-44Yr. 37,264 (24.1%) | 5,656 (52.5%) | 31,608 (22.0%)

445-64YT. 65,177 (42.1%) | 4,638 (43.0%) | 60,539 (42.1%)

>65Yr. 52,224 (33.8%) 490 (4.5%) 51,734 (36.0%)

Distressed 158.3 | <0.001

Communities Index 87

Prosperous 33,382 (21.6%) | 2,645 (24.5%) | 30,737 (21.4%)

Comfortable 41,729 (27.0%) | 3,085 (28.6%) | 38,644 (26.9%)

Mid-Tier 33,934 (21.9%) | 2,204 (20.4%) | 31,730 (22.1%)

At-Risk 20,690 (13.4%) | 1,487 (13.8%) | 19,203 (13.4%)

Distressed 24,930 (16.1%) | 1,363 (12.6%) | 23,567 (16.4%)

Race/Ethnicity 364.2 | <0.001
35

White 82,962 (53.6%) | 4,834 (44.8%) | 78,128 (54.3%)

Black 62,824 (40.6%) | 5,209 (48.3%) | 57,615 (40.0%)

Hispanic 5,832 (3.8%) 503 (4.7%) 5,329 (3.7%)

Other 3,047 (2.0%) 238 (2.2%) 2,809 (2.0%)

Insurance 7.90E
+03

Self-Pay 1,678 (1.1%) 33 (0.3%) 1,645 (1.1%)

Medicare 67,327 (43.6%) 975 (9.0%) 66,352 (46.2%)

Medicaid 31,053 (20.1%) | 2,087 (19.4%) | 28,966 (20.2%) <0.001

Private 51,525 (33.4%) | 7,549 (70.1%) | 43,976 (30.6%)

Other 2,921 (1.9%) 138 (1.3%) 2,783 (1.9%)

Charlson 3.4E+

Comorbidity Index 03

CCIO 25,417 (16.4%) | 3,240 (30.0%) | 22,177 (15.4%)

Index (1,2) 32,848 (21.2%) | 3,631 (33.7%) | 29,217 (20.3%)

Index >2 96,400 (62.3%) | 3,913 (36.3%) | 92,487 (64.3%) <0.001

Sex 1.6E+
03

Male 53,534 (34.6%) | 1,812 (16.8%) | 51,722 (36.0%)

Female 101,122 8,972 (83.2%) | 92,150 (64.1%)

(65.4%)
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Obesity Class 1.70E | <0.001
+03

Class Il 62,283 (40.3%) | 2,344 (21.7%) | 59,939 (41.7%)

Class I 92,382 (59.7%) | 8,440 (78.3%) | 83,942 (58.3%)

Urban 34.72 | <0.001

5

Rural 12,817 (8.3%) 971 (9.0%) 11,846 (8.2%)

Small Town 10,554 (6.8%) 744 (6.9%) 9,810 (6.8%)

Suburban 102,561 7,281 (67.5%) | 95,280 (66.2%)

(66.3%)
Urban 28,733 (18.6%) | 1,788 (16.6%) | 26,945 (18.7%)
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Table 3: Factors associated with Bariatric Surgery Utilization in Maryland (2018-2020)

Bariatric Surgery Utilization | Odds Ratio | Std. Err. y P>z 95% ClI
Distressed Communities Index

Prosperous Reference

Comfortable 0.893 0.026 | -3.840 | <0.001 | 0.842 | 0.946
Mid-Tier 0.743 0.024 | -9.180 | <0.001 | 0.698 | 0.792
At-Risk 0.893 0.033 | -3.100 | 0.002 | 0.832 | 0.959
Distressed 0.697 0.031 | -8.160 |<0.001| 0.639 | 0.760
Age (Yr.)

18-44Yr. Reference

45/64Yr. 0.463 0.012 |-30.820 | <0.001 | 0.441 | 0.486
>64Yr. 0.142 0.008 | -35.300 | <0.001 | 0.128 | 0.158
Female (ref. Male) 2.620 0.072 | 34.890 | <0.001 | 2.482 | 2.765
Race and Ethnicity

White Reference

Black 1.297 0.031 | 10.930 | <0.001 | 1.238 | 1.359
Hispanic 1.114 0.059 2.060 | 0.040 | 1.005 | 1.235
Other 1.003 0.073 0.040 | 0.971 | 0.869 | 1.158
Insurance

Self-Pay Reference

Medicare 1.726 0.313 3.010 | 0.003 | 1.210 | 2.463
Medicaid 2.783 0.497 5730 | <0.001| 1.961 | 3.951
Private 8.611 1.531 | 12.110 | <0.001 | 6.077 | 12.200
Other 3.160 0.627 5.800 | <0.001 | 2.142 | 4.661
Charlson Comorbidity Index

CCIO Reference

Index (1,2) 1.528 0.044 14,790 | <0.001 | 1.444 | 1.616
Index >2 1.013 0.031 0.430 | 0.664 | 0.955 | 1.075
Obesity Class 111 (ref.class I1) 2.252 0.056 | 32.610 | <0.001 | 2.145 | 2.365
Urbanicity

Rural Reference

Small Town 1.003 0.055 0.060 | 0.951 | 0.901 | 1.118
Suburban 0.741 0.029 | -7.730 | <0.001 | 0.687 | 0.800
Urban 0.687 0.035 | -7.460 | <0.001 | 0.622 | 0.758
_cons 0.011 0.002 | -24.380 | <0.001 | 0.008 | 0.016
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FIGURE

Figure 1: Marginal effects of race on bariatric surgery utilization by neighborhood distress (DCI),

Maryland 2018-2020
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Table 4: Marginal Effects of Race & Ethnicity (Hispanic, Other vs. White) on Bariatric Surgery

Utilization by DCI, Maryland 2018-2020

Hispanic vs. White | Distressed Communities Index | Marginal Effects | 95% CI P-value
Prosperous 0.4% -1.0% | 1.8% | 0.57
Comfortable 0.9% -0.3% | 2.0% | 0.13
Mid-Tier 0.3% -0.6% | 1.2% | 0.53
At-Risk 0.5% -1.0% | 2.1% | 0.51
Distressed 3.3% -0.6% | 6.0% | 0.56

Other vs. White Distressed Communities Index
Prosperous 0.4% -1.1% | 2.0% | 0.58
Comfortable 0.6% -0.8% |2.1% | 0.39
Mid-Tier -0.5% 2.1% | 1.1% | 0.55
At-Risk -0.3% 2.5% | 1.9% | 0.79
Distressed -1.0% -3.1% | 1.2% | 0.38

Marginal effects (with 95% confidence intervals) of race and ethnicity (Hispanic vs. White and

Other vs. White) on the likelihood of bariatric surgery utilization, stratified by neighborhood

socioeconomic status (DCI quintiles). Estimates represent the percentage point difference in the
predicted probability of undergoing bariatric surgery for Hispanic and Other race/ethnicity
groups compared to White individuals within each DCI category. Positive values indicate higher

likelihood of utilization compared to White individuals; negative values indicate lower

likelihood.
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Chapter 3: PAPER 2-Short-Term Post-Operative Complication

The Impact of Neighborhood Socioeconomic Status on Short-Term Postoperative Complications

Following Bariatric Surgery

Abstract

Background: Obesity is a significant public health concern, affecting over 41.9% of adults in
the United States and contributing to increased risk of chronic conditions and premature
mortality. Bariatric surgery is the most effective long-term intervention for severe obesity,
offering sustained weight loss and improved metabolic outcomes. However, socieoconomic
disparities persist in both the utilization and postoperative outcomes of bariatric surgery,

particularly among those who live in socioeconomically disadvantaged neighborhoods.

Objective: This study evaluates the impact of neighborhood socioeconomic status (nSES), as
measured by the Distressed Communities Index (DCI), on short-term postoperative
complications following bariatric surgery. Additionally, we investigate whether race/ethnicity

moderates this association.

Methods: We conducted a retrospective cohort study using data from the Maryland State
Inpatient Database (SID) from 2018 to 2020. The study population included adult patients (=18
years) who underwent bariatric surgery during the study period. The primary outcome was the
occurrence of short-term postoperative complications (e.g. gastrointestinal leaks, gastrointestinal
bleeding and venous thromboembolism) categorized using a composite complication variable
defined as no complications or one or more complication. The primary independent variable was
nSES, classified into five categories based on the DCI (prosperous, comfortable, mid-tier, at-risk,

and distressed). Multivariable ordinal logistic regression models were used to assess the
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association between nSES and the occurrence of one or more complication post-surgery,
adjusting for demographic, clinical, and socioeconomic and geographic covariates. We tested

whether race/ethnicity modified the association between nSES and the selected outcomes.

Results: Among 10,784 patients who underwent bariatric surgery in the study period, 94.7% had
no postoperative complications, 5.3% experienced one or more complications. The most
common complications were venous thromboembolism (2.2%) and gastrointestinal leaks (0.9%).
Multivariable analyses revealed no statistically significant association between nSES and the
occurrence of short-term postoperative complications. Additionally, race/ethnicity did not

significantly moderate this relationship.

Conclusions: This study found no significant association between neighborhood socioeconomic
disadvantages and the occurrence of short-term postoperative complications following bariatric

surgery.
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INTRODUCTION

Obesity is a significant public health challenge in the United States, affecting approximately
41.9%"'% of adults and contributing to increased risk of chronic conditions such as diabetes,
cardiovascular disease, and certain cancers and premature mortality’>!3®. The economic burden

137 Bariatric

of obesity continues to rise, with estimates exceeding $347.5 billion annually
surgery has emerged as the most effective long-term intervention for severe obesity (BMI > 40
kg/m? or BMI > 35 kg/m? with comorbidities), offering sustained weight loss, improved
metabolic outcomes, and reduced mortality'**13°, Over the past two decades, bariatric surgery
has evolved with improved techniques and safety profiles, leading to a steady increase in its
utilization!%14?_ In 2017 alone, approximately 228,000 bariatric procedures were performed in
the United States'*!. Advances in surgical protocols, anesthesia, and post-operative care have
significantly reduced complication rates, making bariatric surgery safer and more accessible!*.

However, despite these advancements, socioeconomic disparities in utilization and outcomes

persist.

Although bariatric surgery offers significant benefits, short-term post-operative complications
remain a concern'**!43, Common complications include gastrointestinal (GI) leaks, surgical site
infections (SSIs), and venous thromboembolism (VTE), all of which can lead to increased
morbidity, prolonged hospital stays, readmissions, and reduced patient satisfaction'*1*’. These
complications may discourage eligible patients from pursuing surgery due to concerns about
post-operative recovery and financial costs'*. Patients from disadvantaged communities may be
particularly at risk for these adverse outcomes due to systemic barriers to high-quality post-
operative care, a higher prevalence of pre-existing comorbid conditions, and other social

determinants of health that may impact post-surgical recovery?>** Understanding the factors that
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contribute to these disparities is essential to improving surgical outcomes and increasing

equitable access to bariatric surgery.

Several studies have underscored the clinical and public health implications of post-operative
complications following bariatric surgery'#**!**-15!_ For instance, gastrointestinal leaks, though
relatively rare, can occur in up to 5% of patients and are associated with significant morbidity
and mortality'>2. Surgical site infections affect approximately 0.4% to 12% of patients,
depending on the procedure type and hospital protocols!3. Venous thromboembolism (VTE)
remains a leading cause of post-operative morbidity despite prophylaxis, with reported incidence
rates ranging from 0.2% to 1.3%!>*. Importantly, the risk of these complications may be
amplified in patients from low socioeconomic status (SES) neighborhoods, where limited
healthcare resources, lower health literacy, reduced social support, and under-resourced post-
acute care settings can hinder timely recognition and management of early signs of
complications**!5, These neighborhood-level structural barriers can compound individual
vulnerabilities, increasing the likelihood of adverse outcomes and potentially reinforcing long-

standing disparities in surgical recovery and overall health status!>>!36,

Social determinants of health (SDOH), including individual-level socioeconomic status (SES),
race, insurance type, and income, play a critical role in post-surgical outcomes'®’. Studies have
shown that individuals with lower SES or public insurance experience higher rates of
complications, prolonged hospital stays, and readmissions following bariatric surgery'®’. These
disparities are often attributed to variations in access to high-quality healthcare, lower rates of
post-operative follow-up, and differential exposure to environmental and lifestyle risk

factors*>'>®. While much research has focused on individual-level socioeconomic factors, there is
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growing recognition that neighborhood socioeconomic status (nSES) may offer additional

predictive value in understanding socioeconomic disparities in surgical outcomes!!®1>°,

Neighborhood socioeconomic status captures broader structural and environmental factors that
influence health beyond individual-level SES'-162, Lower nSES neighborhoods are
characterized by higher poverty rates, lower education levels, reduced access to healthcare
services, food insecurity, and higher levels of chronic stress!®*»!%4, These factors contribute to
disparities in post-operative complications and hospital readmissions among bariatric surgery
patients*!% Research suggests that individuals from socioeconomically distressed
neighborhoods face greater barriers to healthcare access, which may translate to delayed
diagnosis and treatment of complications, poorer adherence to post-operative care, and worse
overall outcomes*-'%*. However, there is limited research on how nSES, as measured by indices
such as the Distressed Communities Index (DCI), influences short-term post-operative

complications following bariatric surgery.

Race and ethnicity are established factors that influence health outcomes, and their interaction
with neighborhood socioeconomic status may further exacerbate the observed disparities'?!122,
Black and Hispanic patients undergoing bariatric surgery have been found to experience higher
rates of complications compared to White patients, even after adjusting for individual SES?>!22,
Structural inequities in healthcare delivery, differential referral patterns, and provider biases
contribute to these disparities'®®!?2, Given that racial and ethnic minority populations are more
likely to reside in low-nSES neighborhoods, it is crucial to investigate whether race/ethnicity
moderates the association between nSES and short-term post-operative complications'°*!%. This

study aims to address this gap by examining whether nSES, as measured by the DCI, is

associated with short-term post-operative complications after bariatric surgery, including
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gastrointestinal leaks, surgical site infections, and venous thromboembolism (VTE). This study
will also examine whether race/ethnicity moderates this association. Understanding these
relationships is essential to improving healthcare equity and optimizing bariatric surgery

outcomes for patients from disadvantaged communities.

METHODOLOGY

Study Design and Population

This study employs a retrospective cohort design using data from the Maryland State Inpatient
Database (SID) from 2018 to 2020'%7. The study population includes all adult patients (>18
years) who underwent bariatric surgery in Maryland during the study period. Bariatric
procedures were identified using ICD-10 procedure codes for sleeve gastrectomy, gastric bypass,
adjustable gastric banding, and other recognized bariatric surgeries. The Maryland SID provides
a comprehensive, statewide dataset that captures hospital discharges across all payers, ensuring

reduced bias related to insurance status.
Primary Outcome: Short-Term Post-Operative Complications

The primary outcome of interest was the occurrence of one or more short-term post-operative
complications following bariatric surgery. This outcome was defined as a binary variable:
individuals who did not experience any short-term complication were coded as 0, while those
who experienced at least one complication were coded as 1. To construct this variable, we

included the most commonly reported short-term post-operative complications in the literature.

The selected complications included gastrointestinal leaks, stenosis, gastrointestinal bleeding,
venous thromboembolism (VTE), gastroesophageal reflux disease (GERD), pouch stress,

persistent vomiting, post-operative pain, acute cholecystitis, and in-hospital mortality. These
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complications were chosen based on their documented prevalence and clinical relevance as early

adverse outcomes among bariatric surgery patients!®3-17!,

In addition to this binary composite measure, we also examined the association between
neighborhood socioeconomic status (as measured by the Distressed Communities Index, DCI)
and individual short-term complications, specifically, gastrointestinal leaks, venous

thromboembolism (VTE), and gastrointestinal leaks.

Main Explanatory Variable: Neighborhood Socioeconomic Status (nSES)

The main independent variable is nSES, captured using the DCI quintiles. The DCI is a ZIP-
code-based measure developed by the Economic Innovation Group, integrating seven economic
indicators (e.g., unemployment rates, poverty levels, housing vacancy rates, and business
vitality) to assess socioeconomic distress. For this study, the DCI is categorized into five
quintiles: Quintile 1 (Prosperous), Quintile 2 (Comfortable), Quintile 3 (Mid-tier), Quintile 4

(At-risk), Quintile 5 (Distressed)

Higher quintiles represent greater socioeconomic disadvantages, allowing for a dose-response

analysis of nSES and postoperative complications.

Covariates

To account for potential confounding, the study will adjust for key demographic, clinical,

socioeconomic and geographic factors, including:

Demographic Variables: Age (continuous), sex (male/female), race/ethnicity (White, Black,

Hispanic, and Other).
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Clinical Variables: Charlson commodity index (CCI) is a weighted scoring system that quantifies
the burden of comorbid conditions based on their severity and association with mortality, with
higher scores indicating greater comorbidity burden and risk of adverse health outcomes) and

obesity severity (BMI >35 kg/m? with comorbidities or BMI >40 kg/m?)!72-176,

Socioeconomic Factors: Insurance type (Medicare, Medicaid, Private, Self-pay), and household

median income (categorized into quintiles based on census data).
Geographical Factors:

The Urban/Suburban/Small Town/Rural designation variable (Urban) categorizes patients based
on their residential area type. This numeric categorical variable ranges from 1 to 4, representing
the following classifications: Rural (1), Small Town (2), Suburban (3), and Urban (4). This
variable was included in the analysis to examine potential geographic disparities in bariatric

surgery utilization based on urbanicity and rurality.

Statistical Analysis

Descriptive analyses were conducted to summarize baseline characteristics by the occurrence of
short-term post-operative complications or otherwise. Categorical variables were compared using
2 tests, while continuous variables were assessed using either t-tests or Mann-Whitney U tests,

as appropriate.

To evaluate the association between nSES and the occurrence of short-term post-operative
complications, multivariable logistic regression models were employed. The binary outcome
variable indicated whether a patient experienced any short-term complication (1) or none (0)

following bariatric surgery. The primary explanatory variable was the DCI, used as a measure of
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nSES. Covariates were included in a stepwise fashion across models to assess the robustness of

the association. The logistic regression model was specified as follows:

Logit(P(Y=1))=a+B1(DCI)+p2(Covariates)

Given well-documented racial and ethnic disparities in surgical outcomes, race/ethnicity was
tested as a potential effect modifier in the association between DCI and post-operative
complications. An interaction term between DCI and race/ethnicity was included in a separate

model to assess whether the relationship varied across racial groups:

Logit(P(Y=1))=0+p1(DCI)+p2(Covariates)+B3(Race)+p13(RacexDCI)

The interaction term (B13) captured whether the effect of DCI on the likelihood of experiencing a
post-operative complication differed by race/ethnicity. A statistically significant interaction (p <

0.05) was interpreted as evidence of effect modification.

Sensitivity Analyses

To ensure the robustness of the results, sensitivity analyses were conducted using alternative
approaches to measure neighborhood socioeconomic status (nSES) and address potential
confounding. The Area Deprivation Index (ADI) was used as an alternative measure of nSES to

assess whether the findings were consistent across different socioeconomic indices.

Ethical Considerations

This study utilizes de-identified secondary data from the Maryland SID, exempt from direct
patient consent under HIPAA regulations. The study protocol was reviewed and approved by the

University of Maryland Institutional Review Board (2284677-1).
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RESULT

Table 1 presents the demographic, socioeconomic, and clinical characteristics of the study
population, stratified by the occurrence of any short-term post-operative complication following
bariatric surgery. Among the 10,784 individuals included in the analysis, 566 (5.3%) experienced

at least one short-term complication, while 10,218 (94.8%) did not.

The mean age of the overall cohort was 44.1 & 11.6 years. Patients who experienced
complications were significantly older (49.1 + 12.3 years) compared to those without
complications (43.8 £ 11.5 years; p < 0.001). Age group distribution also differed significantly (p
< 0.001), with the highest complication rate among patients aged 45—-64 years (51.2%), followed

by those 18—44 years (36.4%) and those >65 years (12.4%).

Women comprised 83.2% of the total sample, with a slightly lower representation among those
with complications (79.9%) compared to those without (83.4%; p = 0.029). While the racial and
ethnic distribution did not reach statistical significance (p = 0.165), White patients had a slightly
higher proportion in the complication group (49.1%) compared to those without complications
(44.6%). Black patients made up 48.3% of the total cohort, followed by Hispanic (4.7%) and

Other race (2.2%).

Insurance type was significantly associated with complication status (p < 0.001). Patients with
Medicare were more likely to experience complications (21.2%) than those without (8.4%),
while those with private insurance were less likely to experience complications (62.9%)

compared to their counterparts without complications (70.4%).
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Comorbidity burden, as measured by the Charlson Comorbidity Index (CCI), was significantly
associated with complications (p < 0.001). Nearly half of the patients with complications
(48.4%) had a CCI >2, compared to 35.6% among those without complications. Patients with no

comorbidities (CCI = 0) were less likely to experience complications (21.2% vs. 30.5%).

Obesity classification was also associated with complication risk (p = 0.028). Class I obesity was
more common among patients with complications (25.4%) compared to those without (21.5%).
Class II obesity was slightly less prevalent among those with complications (74.6%) compared to

the non-complication group (78.5%).

There were no statistically significant differences in complication status by neighborhood
socioeconomic status (DCI quintiles; p = 0.664) or urban-rural residence (p = 0.109), though

minor variations were observed across geographic categories.

Table 2: Incidence of Short-Term Postoperative Complications Following Bariatric Surgery

Table 2 presents the incidence of short-term postoperative complications among patients who

underwent bariatric surgery.

Among the 10,784 individuals who underwent bariatric surgery, 566 (5.3%) experienced at least
one short-term postoperative complication (Table 2). The most common complication was
venous thromboembolism, occurring in 2.2% of patients. Gastrointestinal leak and
gastrointestinal bleeding were also notable, with rates of 0.9% and 0.6%, respectively. These
findings highlight the relatively low but clinically significant risk of adverse events following

bariatric surgery.
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Table 3: Adjusted Odds of Postoperative Complications Following Bariatric Surgery

After adjusting for relevant covariates, there were no statistically significant differences in the
odds of experiencing any postoperative complication across DCI quintiles when compared to
patients from Prosperous communities (Table3). Patients from Distressed communities had a
lower, though non-significant, odds of developing any complication (aOR: 0.81; 95% CI: 0.56—
1.17), while those from Comfortable (aOR: 0.96; 95% CI: 0.76—1.21), Mid-Tier (aOR: 1.01;
95% CI: 0.78-1.30), and At-Risk (aOR: 0.93; 95% CI: 0.69—1.25) communities showed similar

non-significant associations (Table 3).

With regard to specific complications, no DCI quintile demonstrated significantly higher or
lower adjusted odds of gastrointestinal (GI) leaks, venous thromboembolism (VTE), or GI
bleeding compared to Prosperous communities. Individuals from Distressed areas had lower
odds of GI leaks (aOR: 0.60; 95% CI: 0.21-1.71) and GI bleeding (aOR: 0.73; 95% CI: 0.23—
2.29), though these results were not statistically significant. Interestingly, patients from At-Risk
communities had a lower odds of VTE (aOR: 0.63; 95% CI: 0.39-1.03), which approached

statistical significance (Table 3).

Regarding race and ethnicity, adjusted odds of overall complications did not significantly differ
between Black (aOR: 0.99; 95% CI: 0.81-1.20), Hispanic (aOR: 1.18; 95% CI: 0.77-1.81), or
Other race (aOR: 0.75; 95% CI: 0.38—1.48) individuals when compared to White patients.
However, Hispanic patients had significantly higher adjusted odds of experiencing GI leaks
(aOR: 2.31; 95% CI: 1.09-4.90), suggesting a potential disparity in this subgroup. No other
statistically significant differences were observed in the rates of specific complications by race or

ethnicity (Table 3).
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Table 4: Marginal Effects of Race on Postoperative Complications across Community Distress

Levels

The marginal effects analysis assessed whether race (Black vs. White) moderated the relationship
between neighborhood distress and postoperative complications following bariatric surgery.
Across all DCI quintiles, the estimated differences in complication rates between Black and
White patients were small and statistically non-significant, with confidence intervals crossing

zero (Table 4).

For overall postoperative complications, the marginal differences ranged from -0.8% in
Comfortable communities (95% CI: -2.4% to 0.9%) to 0.9% in Mid-Tier communities (95% CI: -
1.1% to 3.0%), indicating no meaningful racial disparities by neighborhood socioeconomic
status. Similar patterns were observed for individual complications. For gastrointestinal (GI)
leaks, the largest observed difference was 0.4% in Prosperous and Mid-Tier communities, with

all estimates falling within non-significant ranges (Table 4).

Venous thromboembolism rates showed a marginal increase of 0.6% for Black patients in both
At-Risk and Distressed communities, though these differences were also not statistically
significant. Likewise, GI bleeding exhibited negligible differences, with marginal effects close to

zero across all quintiles.

Overall, the results suggest that race does not significantly moderate the relationship between

community distress levels and short-term complications following bariatric surgery (Table 4).

Table 5: Marginal Effects of Hispanic and Other Race on Postoperative Complications

Marginal effects analysis was conducted to evaluate whether Hispanic and Other race/ethnicity

moderated the association between neighborhood distress and composite postoperative
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complications following bariatric surgery. Across all DCI quintiles, there were no statistically
significant differences in complication rates between Hispanic and White patients (Table 5). The
marginal effect estimates ranged from -1.6% in Distressed communities (95% CI: -8.4% to
5.2%) to 2.1% in Comfortable communities (95% CI: -2.7% to 6.9%), with all confidence

intervals crossing zero (Table 5).

For individuals categorized as Other race, results were similarly non-significant in most
quintiles, except in Prosperous communities, where Other race patients had significantly lower
odds of complications compared to White patients (marginal effect: -4.2%, 95% CI: -6.9% to -
1.5%). In all other DCI quintiles, the marginal effects for other race ranged from -0.6% to 5.0%,
with wide confidence intervals that included zero, indicating no meaningful differences. The
interaction analyses for Hispanic and Other race groups were limited by small sample sizes,
particularly in the distressed quintile, which may have reduced statistical power to detect

differences (Table 5).

DISCUSSION

In this study, we found that only 5.3% of individuals undergoing bariatric surgery had a post-
operative complication. We did not observe a significant association between nSES, as measured
by the DCI, and the risk of experiencing short-term postoperative complications following
bariatric surgery. This finding persisted regardless of whether short-term post-operative
complications was analyzed as a composite measure aggregating all short-term postoperative
outcomes or as individual complications such as gastrointestinal leaks, venous
thromboembolism, and gastrointestinal leaks. We were also unable to identify any moderating

effect of race/ethnicity on the association between neighborhood socioeconomic status and short-
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term postoperative complications, as the relationship remained consistent across racial and ethnic

groups, with no significant differences observed.

The distribution of short-term post-operative complications following bariatric surgery revealed
that the vast majority of patients (94.7%) experienced no complications, while 5.3% had one or
more complications. Among specific complications, gastrointestinal leaks occurred in 0.9% of
patients, venous thromboembolism in 2.2%, and gastrointestinal bleeding in 0.6%. In-hospital

mortality was rare, occurring in only 0.2% of cases.

These findings highlight that while bariatric surgery is generally associated with low
complication rates, certain post-operative risks remain, particularly venous thromboembolism
and gastrointestinal leaks, which may warrant closer monitoring'**!”’. The low incidence of in-
hospital mortality aligns with prior research indicating the safety of bariatric procedures in well-
selected patients'’®!”?. However, the presence of even a small percentage of severe complications
underscores the importance of timely post-operative surveillance and management, particularly

among patients with higher baseline risk factors!'6>180,

The lack of statistical significance suggests that the socioeconomic characteristics of the
neighborhoods where patients reside may not be a strong determinant of early postoperative
complications after bariatric surgery. One potential explanation for this null finding is the
relatively low proportion of patients who experienced these complications, which may have
resulted in an underpowered analysis. Given that short-term postoperative complications are
uncommon following bariatric surgery, our study may have lacked the statistical sensitivity to
detect subtle associations. Additionally, it is possible that nSES is not directly related to the
immediate post-surgical period in the same way it influences long-term health outcomes. Patients

undergoing bariatric surgery often receive standardized perioperative care protocols that may
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mitigate disparities in short-term complications. Furthermore, hospital-level factors, such as
adherence to enhanced recovery after surgery (ERAS) protocols and institutional quality
measures, may play a larger role in determining short-term outcomes than neighborhood
socioeconomic conditions. These factors could collectively attenuate the expected association
between nSES and early post-surgical complications. This finding suggests that the overall safety
of bariatric surgery in the short term may, in part, be influenced by standardized perioperative
protocols and advancements in surgical techniques. However, further research is needed to
determine whether these factors fully explain the low incidence of complications across diverse

patient populations.

Beyond statistical power limitations, several mechanisms may contribute to the lack of
association between nSES and postoperative complications. Maryland’s unique All-Payer Model,
which standardizes hospital reimbursement rates across all patient populations, likely plays a
significant role in reducing healthcare disparities'®!. This payment model ensures more equitable
access to high-quality bariatric surgery and perioperative care, thereby minimizing variations in
outcomes based on neighborhood socioeconomic status'®?. In addition, the existence of high-
volume bariatric surgery centers in Maryland, which adhere to standardized perioperative

protocols, may have further mitigated disparities in early postoperative complications'®?

. Many
of these centers implement enhanced recovery after surgery (ERAS) pathways, which include
preoperative risk stratification, perioperative infection control measures, and thromboembolism

prophylaxis'®. Such standardization in care delivery likely reduces the influence of

socioeconomic factors on immediate postoperative outcomes.

Another plausible explanation for the non-significant associations observed in our study is

selection bias. Patients residing in lower socioeconomic status (SES) neighborhoods who
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successfully undergo bariatric surgery may represent a more resilient and health-conscious subset
of their communities. These individuals may have better access to healthcare resources, stronger
social support, or higher health literacy compared to others in similarly disadvantaged
neighborhoods, potentially attenuating the expected association between neighborhood SES and
post-operative complications®. These individuals may have greater health literacy, better
engagement in preoperative optimization programs, and stronger social support systems, all of
which could mitigate the negative effects of neighborhood deprivation on surgical outcomes**!3.
This phenomenon, often referred to as the "healthy surgical candidate" effect, suggests that the
most disadvantaged patients, who might be at the highest risk for poor outcomes, may not be
included in the study due to barriers in accessing surgery in the first place'®®. Consequently, the

observed cohort may not fully capture the range of disparities that exist in the broader

population.

It is also important to consider whether the DCI and ADI indices, while widely used measures of
neighborhood socioeconomic status, may not fully capture the specific social determinants of
health such as social support, housing stability, or access to culturally competent care that may
have more of a direct influence on postoperative outcomes>>!®’. For example, individual-level
SDOHs such as patient education, access to transportation, health literacy, or adherence to
postoperative care plans may better reflect the specific challenges that influence surgical
recovery and continuity of care!!”. It is possible that such unmeasured factors play a more critical
role in shaping short-term surgical outcomes than the broader neighborhood characteristics
captured by the DCI and ADI'®13%, DCI and ADI do not capture these challenges because these
indices primarily assess structural deprivation based on economic and community-level

indicators. Future research should explore whether integrating social vulnerability indices that
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encompass a broader range of health-related socioeconomic risks may yield more nuanced

insights into the relationship between nSES and postoperative outcomes.
Policy Implications

The findings of this study have important implications for healthcare policy and bariatric surgery
research. The absence of disparities in short-term postoperative complications suggests that
Maryland’s standardized reimbursement policies and hospital quality improvement initiatives
may be effectively ensuring equitable perioperative care. This highlights the potential for health
policy interventions to mitigate socioeconomic disparities in surgical outcomes, particularly in
states that adopt similar models of healthcare delivery. However, while short-term complications
did not vary by nSES, previous research suggests that long-term surgical outcomes, including
weight loss maintenance, postoperative readmissions, and nutritional deficiencies, may be more
vulnerable to socioeconomic disparities'>. Future studies should investigate whether
neighborhood deprivation influences long-term surgical success, postoperative follow-up

adherence, and late complications following bariatric surgery.

Study Limitations

Several limitations should be considered when interpreting our findings. The reliance on
administrative data from the Maryland State Inpatient Database introduces potential
misclassification bias, as postoperative complications were identified using ICD-10 codes rather
than clinical validation. Additionally, administrative databases lack information on post-
discharge factors, such as adherence to follow-up visits, engagement in dietary counseling, and
access to postoperative support services, all of which could influence long-term outcomes.

Another limitation is the low event rate of postoperative complications, which may have limited
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the statistical power to detect subtle associations between nSES and outcomes. Future studies
could enhance statistical power by pooling data across multiple states or using multi-institutional
registries to increase sample sizes. Additionally, the observational study design prevents us from
inferring causality, as the relationship between nSES and postoperative outcomes may be
confounded by unmeasured hospital- and provider-level factors. Finally, the generalizability of
our findings is limited to Maryland, given that the state’s unique healthcare financing model may

not be representative of other regions with different reimbursement structures.

To build on these findings, future research should investigate long-term postoperative outcomes
by socioeconomic status to determine whether disparities emerge over time. Further studies
should also explore the role of patient engagement, social support, and healthcare navigation in
postoperative recovery, incorporating qualitative methods and patient-reported outcomes to
provide a more comprehensive understanding of the barriers faced by disadvantaged patients.
Additionally, research should integrate more granular socioeconomic measures, including
employment status, food security, and health literacy, to better capture the complex interplay
between social determinants and surgical outcomes. Expanding this analysis to other types of
surgical procedures may also provide broader insights into the role of neighborhood factors in

shaping health outcomes beyond bariatric surgery.

Conclusion

In conclusion, this study adds to the growing body of literature examining the relationship
between neighborhood socioeconomic status and surgical outcomes. Our findings suggest that in
Maryland, where healthcare delivery is highly regulated and standardized, nSES does not
significantly impact short-term postoperative complications following bariatric surgery. This

underscores the potential protective role of equitable healthcare policies and standardized
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perioperative protocols in reducing disparities in surgical outcomes. While these results are
reassuring, they also raise important questions about long-term disparities, patient-level
socioeconomic barriers, and the adequacy of existing indices in capturing healthcare-related
social risk factors. Addressing these gaps through future research and targeted policy
interventions will be essential to ensuring that bariatric surgery remains accessible, effective, and

equitable for all patients, regardless of socioeconomic background.

62



TABLES

Table 1. Baseline Characteristics of Bariatric Surgery Patients in Maryland by Postoperative

Complication Status, 2018-2020

Total Population Complication Chi
Variable (N=10,784) (n=566) None (n=10,218) | Squared | p-value
Distressed Communities
Index 2.395 0.664
Prosperous 2,645 (24.5%) 149 (26.3%) 2,496 (24.4%)
Comfortable 3,085 (28.6%) 164 (29.0%) 2,921 (28.6%)
Mid-Tier 2,204 (20.4%) 117 (20.7%) 2,087 (20.4%)
At-Risk 1,487 (13.8%) 74 (13.1%) 1,413 (13.8%)
Distressed 1,363 (12.6%) 62 (11.0%) 1,301 (12.7%)
Age (mean + std) 441 +11.6 49.1+12.3 43.8+115 [t=-10.650| <0.001
Age (Yr.) 119.224 | <0.001
18-44Yr. 5,656 (52.5%) 206 (36.4%) 5,450 (53.3%)
45/64Yr. 4,638 (43.0%) 290 (51.2%) 4,348 (42.6%)
>64YT. 490 (4.5%) 70 (12.4%) 420 (4.1%)
Female (ref. Man) 8,972 (83.2%) 452 (79.9%) 8,520 (83.4%) 4.763 0.029
Race/Ethnicity 5.096 0.165
White 4,834 (44.8%) 278 (49.1%) 4,556 (44.6%)
Black 5,209 (48.3%) 253 (44.7%) 4,956 (48.5%)
Hispanic 503 (4.7%) 26 (4.6%) 477 (4.7%)
Other 238 (2.2%) 9 (1.6%) 229 (2.2%)
Insurance 113.751 | <0.001
Self-Pay 33 (0.3%) 4 (0.7%) 29 (0.3%)
Medicare 975 (9.0%) 120 (21.2%) 855 (8.4%)
Medicaid 2,087 (19.4%) 80 (14.1%) 2,007 (19.7%)
Private 7,549 (70.0%) 356 (62.9%) 7,193 (70.4%)
Other 138 (1.3%) 6 (1.1%) 132 (1.3%)
CClI 41.660 | <0.001
CCI =0 3,240 (30.0%) 120 (21.2%) 3,120 (30.5%)
CCl=1-2 3,631 (33.7%) 172 (30.3%) 3,459 (33.9%)
CCI >2 3,913 (36.3%) 274 (48.4%) 3,639 (35.6%)
Obesity Classification 4.822 0.028
Class | Obesity 2,344 (21.7%) 144 (25.4%) 2,200 (21.5%)
Class Il Obesity 8,440 (78.3%) 422 (74.6%) 8,018 (78.5%)
Urban 6.064 0.109
Rural 971 (9.0%) 65 (11.5%) 906 (8.9%)
Small Town 744 (6.9%) 44 (7.8%) 700 (6.9%)
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Suburban

7,281 (67.5%)

373 (65.9%)

6,908 (67.6%)

Urban

1,788 (16.6%)

84 (14.8%)

1,704 (16.7%)

Table 2: Short-Term Complication Rates Post-Bariatric Surgery

Complications (n=566) Frequency Percentages (%)
All Complications 566 5.30%
Commonest

Complications

Venous Thromboembolism 238 2.20%
Gastrointestinal Leak 94 0.90%
Gastrointestinal Bleeding 62 0.60%

Table 3: Adjusted Odds of Post-op Complications following Bariatric Surgery by DCI Quintiles

and Race & Ethnicity, Maryland 2018-2020

Venous
Complications All Complications GIT Leaks Thromboembolism | GIT Bleeding
Distressed
Communities
Index
Prosperous Reference Reference Reference Reference
Comfortable 0.96 (0.76-1.21) | 0.85(0.50-1.47) | 0.86 (0.60-1.21) 1.12 (0.56-2.26)
Mid-Tier 1.01 (0.78-1.30) | 0.95(0.52-1.72) | 0.96 (0.66-1.40) | 0.84 (0.37-1.94)
At-Risk 0.93 (0.69-1.25) 1.02 (0.53-1.98) | 0.63(0.39-1.03) 1.67 (0.77-3.63)
Distressed 0.81 (0.56-1.17) | 0.60(0.21-1.71) | 0.75(0.44-1.29) | 0.73 (0.23-2.29)
Race & Ethnicity
White Reference Reference Reference Reference
Black 0.99 (0.81-1.20) 1.05 (0.66-1.67) 1.03 (0.76-1.38) 1.49 (0.84-2.66)
Hispanic 1.18 (0.77-1.81) | 2.31(1.09-4.90) | 0.95(0.45-1.98) 1.56 (0.45-5.34)
Other 0.75 (0.38-1.48) - 1.06 (0.43-2.65) | 0.95(0.12-7.11)

Adjusted odds ratios (ORs) with 95% confidence intervals (CIs) for postoperative complications following bariatric
surgery, stratified by neighborhood socioeconomic status (DCI quintiles) and race/ethnicity. All models are adjusted
for age, sex, insurance type, Charlson Comorbidity Index, and obesity class. The “Prosperous” DCI quintile and

“White” race group serve as reference categories.
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Table 4: Marginal Effects of Race (Black vs. White) on Post-Op Complications following

Bariatric Surgery by DCI, Maryland 2018-2020

All Complications

GIT Leaks

Venous
Thromboembolism

GIT Bleeding

Distressed
Communities Index

Prosperous

0.2% (-1.7% to 2.1%)

0.4% (-0.5 to 1.3%)

0% (-1.4% to 1.3%)

0.3% (-0.4% to 1.0%)

Comfortable

20.8% (-2.4% to 0.9%)

20.4% (-1.1% to 0.2%)

20.1% (-1.2% to 1.0%)

0.2% (-0.4% to 0.8%)

Mid-Tier

0.9% (-1.1% to 3.0%)

0.4% (-0.4% to 1.2%)

-0.3% (-1.8% to 1.1%)

0% (-0.6% to 0.6%)

At-Risk

0.1% (-2.3% to 2.4%)

0.3% (-0.8% to 1.3%)

0.6% (-0.7% to 2.0%)

0.4% (-0.7% to 1.5%)

Distressed

-0.6% (-3.2% to 2.1%)

-0.6% (-1.8% to 0.7%)

0.6% (-1.0% t02.2%)

0.2% (-0.6% t01.0%)

Marginal effects (with 95% confidence intervals) of race (Black vs. White) on the likelihood of postoperative
complications following bariatric surgery, stratified by neighborhood socioeconomic status (DCI quintiles).
Estimates represent the percentage point difference in predicted probability of complications for Black patients
compared to White patients within each DCI category. Positive values indicate higher probability among Black
patients; negative values indicate lower probability.

Table 5: Marginal Effects of Race (Hispanic, Other vs. White) on Post-Op Complications

following Bariatric Surgery by DCI, Maryland 2018-2020

All Complications
Hispanic vs. White Distressed Communities Index
Prosperous 1.1% (-4.0% to 6.3%)
Comfortable 2.1% (-2.7% to 6.9%)
Mid-Tier -0.1% (-4.2% to 4.0%)
At-Risk 1.9% (-4.8% t08.5%)
Distressed -1.6% (-8.4% to 5.2%)
Other vs. White Distressed Communities Index
Prosperous -4.2% (-6.9% to -1.5%)
Comfortable -0.4% (-5.4% to 4.6%)
Mid-Tier 0.9% (-7.1% to 9.0%)
At-Risk -0.6% (-9.1% to 7.9%)
Distressed 5.0% (-13.1% to 23.1%)

Marginal effects (with 95% confidence intervals) of race (Black vs. White) on the likelihood of experiencing any
postoperative complication following bariatric surgery, stratified by neighborhood socioeconomic status (DCI
quintiles). Estimates represent the percentage point difference in the predicted probability of complications for Black
patients compared to White patients within each DCI category. Positive values indicate a higher probability among
Black patients, and negative values indicate a lower probability. Marginal effects for individual complications were
not reported due to limited sample size.
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Chapter 4: PAPER 3- Healthcare Quality Measures

Neighborhood Socioeconomic Status and Healthcare Quality Measures Following Bariatric

Surgery in Maryland

ABSTRACT

Introduction: Bariatric surgery is the most effective treatment for severe obesity, yet significant
socioeconomic disparities in access and outcomes persist, especially in disadvantaged
communities. Neighborhood socioeconomic status (nSES) influences healthcare utilization,
complication rates, and recovery, but its impact within state-specific reimbursement models

remains understudied.

Objective: This study examines whether nSES, measured by the Distressed Communities Index
(DCI), is independently associated with prolonged hospital stays and higher readmission rates
after bariatric surgery. It also evaluates the interaction between race/ethnicity and nSES, to assess

disparities in post-surgical outcomes.

Methodology: A retrospective cohort study was conducted using Maryland State Inpatient
Databases (SID) from 2018 to 2020. The study population included all adult patients who
underwent bariatric surgery, identified using ICD-10 procedure codes. The primary explanatory
variable was nSES, operationalized using DCI quintiles, linked to patient ZIP codes. The primary
outcomes were hospital length of stay (continuous variable) and readmission (binary variable:
Yes/No). Multivariate linear regression (for hospital stay) and logistic regression (for
readmission) were performed, adjusting for demographic factors (age, sex, race/ethnicity),
clinical characteristics (preexisting comorbidities using the Charlson Comorbidity Index (CCI)

and, obesity class), and socioeconomic indicators (insurance type) and Geographic classification.
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Interaction terms were included to evaluate whether race/ethnicity modified the association

between nSES and these outcomes.

Result: Among 10,784 bariatric surgery recipients, the majority were Black (48.3%), female
(83.1%), with a mean age of 44.1 + 11.6 years. Length of stay did not differ significantly by DCI
Quintiles; patients in distressed areas had similar odds of prolonged hospitalization compared to
those in prosperous areas (f = 0.045; 95% CI: —0.111 to 0.201; p = 0.575). Readmission risk was
higher in distressed neighborhoods (OR = 1.64; 95% CI: 0.76-3.54; p = 0.207), though not

statistically significant. No interaction was observed between nSES and race/ethnicity.

Conclusion: Residents of disadvantaged neighborhoods showed a non-significant trend toward
higher readmission without increased hospital stay. Findings underscore the need to enhance

post-discharge care for socioeconomically vulnerable populations.
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INTRODUCTION

Healthcare Quality Measures Following Bariatric Surgery

Bariatric surgery is the most effective long-term intervention for severe obesity, leading to
sustained weight loss and improvement in obesity-related comorbidities such as diabetes and
hypertension'*+1°%1°!1 However, post-operative healthcare quality measures, including hospital
length of stay (LOS) and readmission rates, serve as critical indicators of patient outcomes and
healthcare system efficiency and post-surgical recovery'*>!*3. Prolonged hospital stays increase
healthcare costs and indicate potential complications, while readmissions often reflect
suboptimal perioperative care, surgical complications, or social barriers to recovery!*!%,
Readmissions can result from surgical complications, inadequate post-operative care, or
socioeconomic barriers that affect follow-up adherence and recovery. Understanding factors

influencing these healthcare quality measures is essential for optimizing surgical outcomes and

reducing disparities in post-bariatric surgery care.

Length of hospital stay and readmission rates are particularly important metrics in bariatric
surgery due to their implications for patient safety, recovery, and healthcare resource
utilization'?*1°®, Prolonged hospital stay following bariatric surgery is often indicative of post-
operative complications such as bleeding, infection, or delayed gastrointestinal function, and is
associated with increased healthcare costs and poorer patient satisfaction'®!*°, However, some
extended stays may be preventable with enhanced recovery protocols, multidisciplinary care
teams, and improved perioperative monitoring®®°. Similarly, readmissions reported in 5-15% of
bariatric cases can result from surgical site infections, anastomotic leaks, dehydration, nutritional

deficiencies, and poorly managed comorbidities'*®?°1:*2, Many of these readmissions may be
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mitigated through better discharge planning, early post-discharge follow-up, patient education,

and robust outpatient support systems>2.

Social Determinants of Health and Healthcare Quality Measures

Social determinants of health (SDOH) play a pivotal role in shaping healthcare quality measures.
Individual-level socioeconomic factors such as income, education, insurance status, and
healthcare access influence patients' ability to receive preoperative care, adhere to post-operative
instructions, and manage surgical complications?*-2%>, Lower-income patients are more likely to
experience delayed follow-ups, higher rates of post-surgical complications, and increased
readmissions due to barriers in healthcare access, nutrition, and medication adherence?®>2%. In
addition, racial and ethnic disparities persist, with Black and Hispanic patients experiencing
poorer surgical outcomes compared to White patients, likely due to differences in healthcare
access, systemic barriers, and comorbid conditions and neighborhood socioeconomic

context??7208,

Neighborhood Socioeconomic Status and Surgical Outcomes

Beyond individual-level factors, neighborhood socioeconomic status (nSES) is an independent
determinant of health outcomes®®-?!°. Neighborhood socioeconomic characteristics may include
income distribution, employment rates, housing stability, and healthcare accessibility®!!-*12,
Studies have shown that patients from low-nSES neighborhoods have longer hospital stays and
higher readmission rates following various surgical procedures, including cardiac, orthopedic,
and oncologic surgeries®’-?!32!4_ These disparities may be driven by higher baseline

comorbidities, limited healthcare resources, and increased psychosocial stressors in

socioeconomically disadvantaged neighborhoods?!>!6, Despite growing recognition of the
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impact of nSES on surgical outcomes, research on its influence in bariatric surgery patients

within state-specific healthcare models remains limited.
Measuring Neighborhood Socioeconomic Status: Comparative Metrics

Several composite indices have been developed to quantify neighborhood disadvantage, each
incorporating different socioeconomic factors. The Area Deprivation Index (ADI) is a census
tract-based measure®® that ranks neighborhood deprivation by considering education, income,
employment, and housing quality>*. The Social Vulnerability Index (SVI), developed by the
CDC, evaluates community vulnerability to external stressors by incorporating socioeconomic
status, household composition, minority status, and housing characteristics>*. In contrast, the
Distressed Communities Index (DCI) is a ZIP-code-based measure developed by the Economic
Innovation Group, which provides a broader economic assessment of neighborhood distress by
incorporating factors such as unemployment rates, poverty levels, business decline, and housing
conditions’!?!7, While each of these indices offers valuable insights, the DCI captures a more
comprehensive picture of economic resilience and structural barriers within communities,
making it particularly useful for evaluating healthcare disparities and outcomes>®>®, The DCI is
particularly advantageous for assessing the impact of nSES on healthcare outcomes, providing a
more comprehensive and dynamic reflection of economic advantages compared to ADI and

SV156’97.
Intersection of Race/Ethnicity, nSES, and Healthcare Quality Measures

The intersection of race/ethnicity and neighborhood disadvantage may further exacerbate
disparities in post-operative outcomes>'®*!°, Minority patients, particularly Black and Hispanic

individuals living in low-nSES neighborhoods, might be at increased risk for prolonged hospital
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stays and higher readmissions due to the compounded effects of systemic barriers, lower
healthcare access, and implicit biases in clinical decision-making!3>!52, This intersectionality
highlights the need to examine racial/ethnic disparities within the broader context of
neighborhood socioeconomic disadvantages to fully understand disparities in bariatric surgery

outcomes.

This study aims to evaluate the independent association between nSES (measured using the DCI)
and healthcare quality measures (hospital length of stay and readmissions) following bariatric
surgery in Maryland. In addition, it seeks to assess the moderating role of race/ethnicity in the
relationship between nSES and post-operative outcomes. Given Maryland’s unique All-Payer
Model, which standardizes hospital payment rates across all payers, this study provides a distinct

opportunity to investigate healthcare disparities in a regulated reimbursement environment.

Methodology

Study Design and Population

This study employs a retrospective cohort design using data from the Maryland State Inpatient
Database (SID) from 2018 to 2020%2!. The study population includes all adult patients (>18
years) who underwent bariatric surgery, identified using ICD-10 procedure codes for sleeve
gastrectomy, gastric bypass, and other bariatric procedures. Maryland SID provides a
comprehensive, statewide dataset capturing hospital discharges across all payers under the

Maryland All-Payer Model, ensuring reduced bias related to insurance status.
Primary Outcomes

The primary outcomes for this study include hospital length of stay (LOS) and readmission rates.

Hospital LOS is measured as a continuous variable, representing the number of inpatient days
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following bariatric surgery. The second outcome, readmission, is defined as a binary variable

(Yes/No), indicating whether a patient was readmitted within 30 days of discharge.

Main Explanatory Variable: Distressed Communities Index (DCI)

Neighborhood socioeconomic status (nSES) was assessed using the DCI, a ZIP-code-based
measure developed by the Economic Innovation Group. The DCI integrates various economic
indicators, including unemployment rates, poverty levels, housing vacancy rates, and business
decline, to provide a comprehensive assessment of economic distress at the community level. For
this study, DCI was categorized into quintiles, allowing for a gradient analysis of economic
disadvantages. The first quintile represents the least distressed communities, while the fifth

quintile represents the most distressed neighborhoods.

Covariates

Several demographics, clinical, socioeconomic, and geographic covariates were included in the
analysis to account for potential confounders. Demographic variables included age, sex, and
race/ethnicity, with racial/ethnic groups categorized as White, Black, Hispanic, and Other.
Clinical factors such as hypertension, diabetes was measured using the Charlson commodity

inCX173’222

, and obesity class (based on BMI categories) were incorporated to account for
underlying comorbidities that may influence post-operative outcomes. Socioeconomic factors

included primary insurance type, categorized as Medicare, Medicaid, Private, or Uninsured while

Geographic context was stratified as Rural, Small Town, Suburban and Urban.

Statistical Analysis

All statistical analyses were conducted using Stata 17 utilizing complete case analysis to account
for missing data. Descriptive statistics were used to summarize patient characteristics, with
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means and standard deviations (SD) reported for continuous variables and proportions calculated
for categorical variables. Chi-square tests and t-tests were used to compare baseline

characteristics across DCI quintiles.

To assess the association between nSES and healthcare quality metrics, multivariable regression
models were employed. For hospital length of stay, a linear regression model was used, adjusting
for demographic, clinical, socioeconomic, and geographic covariates. The model was specified

as follows:

LOSi=B0+p1(DCI)+p2(Covariates)

For readmission rates, a logistic regression model was applied, with results reported as adjusted

odds ratios (OR) with 95% confidence intervals (CI):

Logit (P(Y=1)) =a+p 1(DCI) +p 2(Covariates)

Where: OLS for hospital stay (continuous) and a binary logistic regression for readmissions

indicating whether a patient experienced a readmission following surgery (1 = Yes, 0 = No).

DCI: Main explanatory variable; a: Intercept term.;

Interaction terms were included to evaluate whether the relationship between nSES and post-

surgical outcomes was modified by race/ethnicity:

Logit(P(Y=1))=0+p1(DCI)+p2(Covariates )+p3(Race)+pf13(Race X DCI )

Interaction Term (13 (Race X DCI): This term captures how the effect of the DCI on the
likelihood of the outcomes (hospital stay or readmission) following surgery changes depending
on the individual's race/ethnicity. If significant, it indicates that the impact of DCI on these

outcomes varies by racial group.
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Sensitivity Analysis Using Alternative Socioeconomic Index

To validate the robustness of the findings, a sensitivity analysis was performed using the Area
Deprivation Index (ADI), an alternative socioeconomic measure based on census tract data.
Unlike the ZIP-code-based DCI, the ADI incorporates education, income, employment, and
housing characteristics to assess neighborhood deprivation. By comparing models that used DCI
versus ADI, this study evaluated whether ZIP-code-based socioeconomic distress (DCI) provided
a more meaningful distinction in predicting bariatric surgery outcomes compared to a census-
tract-based approach. This sensitivity analysis strengthened the study's conclusions regarding the

impact of neighborhood disadvantage on healthcare quality metrics.

Ethical Considerations

This study utilized de-identified secondary data from the Maryland SID, which is exempt from
direct patient consent under HIPA A regulations. The research protocol was reviewed and

approved by the University of Maryland Institutional Review Board (2284677-1).

RESULTS

The study included 10,784 adults who underwent bariatric surgery in Maryland between 2018
and 2020, distributed across five DCI quintiles (Table 1). The mean age of the cohort was 44.1 +
11.6 years, with significant variation by DCI Quintiles. Patients from prosperous neighborhoods
were older on average (mean: 45.2 years), while those from distressed areas were younger
(mean: 42.7 years). The proportion of younger adults (18—44 years) was highest in distressed
neighborhoods (57.3%) and lowest in prosperous areas (48.0%). Conversely, older adults (>65

years) were more prevalent in prosperous neighborhoods (5.5%) than in distressed ones (2.8%).
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Women constituted 83.1% of the total population, with the highest proportions observed in at-
risk (86.8%) and distressed (86.1%) communities. There were significant racial and ethnic
differences by DCI quintile: White individuals represented the majority in prosperous
neighborhoods (61.9%), while Black individuals were most prevalent in distressed areas
(52.4%). Hispanic and other racial groups were more evenly distributed across the quintiles,
although Hispanic patients had slightly higher representation in mid-tier and at-risk

neighborhoods (Table 1).

Insurance coverage also demonstrated a clear socioeconomic gradient. Private insurance was
more common in prosperous neighborhoods (78.6%) and decreased across quintiles, reaching
55.0% in distressed communities. Medicaid coverage followed the opposite trend, increasing
from 11.3% in prosperous areas to 33.0% in distressed neighborhoods. Medicare coverage and

self-pay rates remained relatively stable across groups.

The Charlson Comorbidity Index (CCI) showed that patients from distressed areas had the
highest proportion with a CCI >2 (39.0%), indicating greater comorbidity burden. Obesity class
also varied across quintiles: Class III obesity was more common in lower SES areas, increasing

from 75.3% in prosperous to 82.9% in distressed neighborhoods (Table 1).

Geographic distribution differed significantly by SES. Patients from distressed communities
were overwhelmingly urban (72.8%), while those from prosperous neighborhoods were more
likely suburban (74.8%) or rural (13.0%). These findings highlight substantial demographic,
clinical, and geographic disparities in bariatric surgery recipients across socioeconomic
gradients, emphasizing the need for tailored public health and clinical interventions to address

the distinct needs of disadvantaged populations (Table 1).
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Unadjusted Comparison of Length of Stay and Readmissions by Neighborhood Socioeconomic

Status

Unadjusted analyses showed no statistically significant differences in hospital length of stay or
readmission rates across DCI quintiles among patients undergoing bariatric surgery (Table 2).
The mean length of stay was consistent across quintiles, ranging from 1.82 + 2.08 days in
Distressed communities to 1.88 + 2.00 days in At-Risk communities, with an overall mean of
1.85 +£2.02 days. The F-test for comparison of means was non-significant (p = 0.907), indicating

no variation in hospital stay duration by neighborhood socioeconomic status (Table 2).

Similarly, readmission rates did not differ significantly across DCI categories. Readmission rates
ranged from 0.66% in Prosperous communities to 1.46% in Distressed communities, with an
overall rate of 0.99%. A chi-square test yielded no statistically significant differences across
groups (x> = 6.885, p = 0.142). These results suggest that, at the unadjusted level, neighborhood

distress was not associated with differences in short-term postoperative outcomes (Table 2).

Unadjusted Comparison of Length of Stay and Readmissions by Race and Ethnicity

Unadjusted analyses revealed no statistically significant differences in hospital length of stay or
readmission rates following bariatric surgery across racial and ethnic groups (Table 3). The mean
length of stay was similar among White (1.88 + 2.02 days), Black (1.86 + 1.98 days), and
Hispanic (1.83 + 2.04 days) patients, with an overall average of 1.85 + 2.01 days. An F-test
comparing these means yielded a non-significant result (p = 0.474), indicating no evidence of

variation by race/ethnicity (Table 3).

Readmission rates were also comparable across groups, with 0.84% of White, 1.01% of Black,

and 1.03% of Hispanic patients readmitted within 30 days post-surgery. The overall readmission
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rate was 0.99%. A chi-square test showed no significant difference in readmission rates between
the groups (y* = 0.752, p = 0.687). These findings suggest that, in the unadjusted model, race and

ethnicity were not associated with differences in short-term postoperative outcomes (Table 3).

Adjusted Association between Community Distress, Race, and Length of Stay

After adjusting for age, sex, insurance type, comorbidities, obesity classification, and urban
categories, neighborhood socioeconomic status as measured by the DCI was not significantly
associated with hospital length of stay following bariatric surgery (Table 4). Compared to
individuals from Prosperous communities, those from Comfortable (f = 0.011; 95% CI: -0.091 to
0.113; p=0.833), Mid-Tier (B = 0.055; 95% CI: -0.057 to 0.167; p = 0.334), At-Risk (B =-0.017;
95% CI: -0.142 to 0.109; p = 0.792), and Distressed (B = -0.048; 95% CI: -0.205 to 0.108; p =
0.547) communities had no statistically significant differences in length of hospital stay (Table

4).

Among racial and ethnic groups, Black patients had a significantly longer hospital stay compared
to White patients (f = 0.085; 95% CI: 0.001 to 0.169; p = 0.046). No significant differences in
length of stay were observed for Hispanic (f = 0.036; 95% CI: -0.145 to 0.218; p = 0.695) or
Other race patients (B =0.119; 95% CI: -0.134 to 0.372; p = 0.357). These findings suggest that,
while community socioeconomic status was not independently associated with hospital stay
duration, Black patients experienced modest but statistically significant increases in

postoperative length of stay (Table 4).
Adjusted Association between Community Distress, Race, and Readmission

Multivariable logistic regression models adjusting for age, sex, insurance type, pre-existing

comorbidity, obesity classification, and urbanicity revealed no statistically significant differences
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in readmission rates across DCI quintiles or racial/ethnic groups (Table 5). Compared to
individuals from Prosperous communities, those residing in Comfortable (aOR: 1.52; 95% ClI:
0.84-2.75; p = 0.165), Mid-Tier (aOR: 1.74; 95% CI: 0.93-3.26; p = 0.084), At-Risk (aOR: 1.21;
95% CI: 0.58-2.52; p = 0.611), and Distressed (aOR: 1.41; 95% CI: 0.65-3.06; p = 0.386)

communities did not have significantly elevated odds of readmission (Table 5).

Similarly, when stratified by race and ethnicity, no group showed a significant association with
readmission compared to White patients. The adjusted odds ratios were 0.77 for Black patients

(95% CI: 0.49-1.20; p = 0.249), 1.39 for Hispanic patients (95% CI: 0.58-3.35; p = 0.464), and
0.44 for individuals of Other races (95% CI: 0.06-3.23; p = 0.418). These findings suggest that
neither neighborhood socioeconomic status nor race/ethnicity independently influenced 30-day

hospital readmission risk following bariatric surgery (Table 5).

Marginal Effects of Race on Hospital Stay following Bariatric Surgery by DCI, Maryland 2018—

2020

Marginal effects analysis was conducted to assess whether race moderated hospital length of stay
following bariatric surgery across different levels of neighborhood socioeconomic distress (Table
6). Compared to White patients, Black patients had significantly longer hospital stays in
Comfortable communities (marginal effect: +15.0%, 95% CI: 6.0% to 29.5%, p = 0.041). In
other DCI quintiles, the differences in length of stay for Black patients were not statistically
significant, with marginal effects ranging from -16.7% in Distressed areas to +12.4% in Mid-Tier

communities, all with wide confidence intervals that crossed zero (Table 6).

Among Hispanic patients, none of the comparisons across DCI quintiles reached statistical

significance. The marginal effects ranged from -7.8% in At-Risk communities to +25.1% in

78



Comfortable neighborhoods (95% CI: -8.9% to 59.1%, p = 0.148), indicating considerable
variability but no consistent pattern of difference in hospital stay relative to White patients

(Table 6).

For patients categorized as other race, a borderline significant increase in hospital stay was
observed in Mid-Tier communities (marginal effect: +62.4%, 95% CI: -1.5% to 126.3%, p =
0.056). In all other DCI quintiles, marginal effects for other race were non-significant, with wide
confidence intervals, including negative values, highlighting substantial uncertainty in the

estimates (Table 6).

Marginal Effects of Race (Black vs. White) on Hospital Stay following Bariatric Surgery by DCI,

Maryland 2018-2020

The marginal effects analysis evaluated whether race (Black vs. White) moderated the likelihood
of hospital readmission following bariatric surgery across DCI quintiles (Table 7). Overall, the
differences in readmission rates between Black and White patients were small and not
statistically significant across all community distress levels. In Prosperous communities, the
marginal difference was +0.3% (95% CI: -0.5% to 1.1%, p = 0.51), while in Comfortable

communities, the estimate was -0.5% (95% CI: -1.3% to 0.4%, p = 0.26).

Patients from Mid-Tier and Distressed communities showed slightly lower readmission
probabilities for Black patients compared to White patients (marginal effects: -0.9% and -0.4%,
respectively), but confidence intervals again crossed zero, indicating non-significance. The At-

Risk quintile showed no difference (0.0%; 95% CI: -0.9% to 1.0%, p = 0.92). These findings
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suggest that race did not significantly influence readmission risk following bariatric surgery,

regardless of neighborhood socioeconomic status (Table 7).

DISCUSSION

This study examined the relationship between neighborhood socioeconomic status (nSES) and
key bariatric surgery outcomes, including readmission rates and hospital length of stay. Our
initial hypothesis was that lower nSES would be associated with higher readmission rates and
longer hospital stays due to systemic barriers affecting post-surgical recovery, such as reduced
access to healthcare resources and support services. There was no statistically significant
association between neighborhood socioeconomic status, as measured by the DCI, and either
readmission rates or length of hospital stay following bariatric surgery after adjusting for relevant
covariates. Sensitivity analyses using the ADI reinforced these findings, suggesting that
neighborhood disadvantage alone may not be a primary driver of post-surgical outcomes.
Instead, factors such as hospital quality, access to post-operative care, and systemic healthcare

policies may mitigate the expected disparities®®87-223-224,

The lack of a statistically significant association may be influenced by Maryland’s All-Payer
Model, which standardizes hospital reimbursement rates, potentially reducing financial barriers
to care!'!?, In addition, the presence of bariatric centers of excellence in the state may
contribute to uniform surgical protocols and post-operative management, ensuring more
equitable outcomes across socioeconomic groups>>>-227. While lower socioeconomic status has
been linked to worse surgical outcomes in prior research??®?%, some studies consistent with ours
have found that these associations weaken when hospital-level factors and policy-driven

interventions are considered??323%-232, Future research should explore the role of individual-level
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socioeconomic factors, healthcare literacy, and long-term adherence to post-surgical care in

shaping bariatric surgery outcomes.

Race and ethnicity did not significantly modify the association between nSES and surgical
outcomes, suggesting that broader structural determinants of health, such as access to care,
provider networks, and community resources, may play a more influential role in post-surgical
recovery than individual racial identity?*3?**, Standardized bariatric surgery protocols and post-
operative care guidelines may also help mitigate disparities by ensuring consistent preoperative
education, surgical management, and follow-up care?*>?*¢, However, unmeasured factors, such as
implicit biases in healthcare delivery and differences in post-surgical adherence, may still
contribute to disparities?*’. Addressing systemic barriers to care, including neighborhood
healthcare infrastructure, insurance accessibility, and provider availability, may be more effective

in reducing disparities than focusing solely on race or ethnicity.

Although our findings did not show significant associations, they underscore the complex
interplay between socioeconomic status, healthcare policies, and surgical outcomes. Future
research should investigate long-term weight loss maintenance, complication rates, and
healthcare utilization patterns to better understand how social disadvantage manifests in bariatric

surgery outcomes.
Policy and Research Implications

From a policy perspective, our findings suggest that neighborhood disadvantage alone may not
be a sufficient predictor of post-surgical outcomes, particularly in healthcare systems
implementing strong policy interventions such as Maryland’s All-Payer Model. Nonetheless, the

observed trends of higher readmission rates and prolonged hospital stays among patients from
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distressed communities underscore the ongoing influence of socioeconomic disparities—though
these may operate through more nuanced mechanisms. As the landscape of obesity treatment
evolves with the growing availability of GLP-1 receptor agonists, such as semaglutide and
tirzepatide, it is essential to contextualize the role of bariatric surgery within a broader treatment
framework. While GLP-1s have demonstrated significant effectiveness in promoting weight loss
and improving metabolic parameters, access remains limited by cost, insurance coverage, and
long-term adherence challenges, particularly in underserved populations. Therefore, bariatric
surgery should continue to be promoted as a viable and often necessary option for managing
class II and III obesity, especially for patients who may not respond adequately to or cannot

access pharmacologic therapies.

Future research should focus on integrating individual-level socioeconomic data with
neighborhood-level indicators to better understand the pathways through which disadvantage
affects surgical outcomes. Furthermore, targeted interventions to enhance post-surgical care
adherence, improve patient education, and reduce barriers to follow-up—especially in
underserved communities—are warranted. Nationally representative, longitudinal studies are
needed to assess how emerging pharmacologic options and persistent socioeconomic disparities

intersect to influence long-term outcomes in the management of severe obesity.

Study Limitations

This study has several limitations that should be acknowledged. First, while we utilized robust
socioeconomic measures such as the DCI and ADI, these are neighborhood-level indicators and
may not fully capture individual-level socioeconomic factors such as income, education, or
healthcare access, which could independently influence hospital readmissions and length of stay.

Second, our analysis was conducted within Maryland’s All-Payer Model, a unique healthcare
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system that may reduce socioeconomic disparities in access to care, potentially limiting the

generalizability of our findings to other states with different healthcare reimbursement structures.

In addition, while our study suggests a trend toward higher readmissions and prolonged hospital
stays in distressed communities, the lack of statistical significance may reflect insufficient power,
residual confounding, or unmeasured variables, such as post-discharge care access and patient
adherence to follow-up recommendations. Lastly, our reliance on administrative claims data
introduces the potential for misclassification bias, as certain clinical and social factors
influencing surgical outcomes (e.g., nutrition status, social support, and health literacy) are not
captured in hospital discharge records. Future research should incorporate individual-level
socioeconomic data, patient-reported outcomes, and qualitative assessments to better elucidate

the mechanisms driving disparities in post-bariatric surgery outcomes.

Conclusion

In conclusion, our study found no statistically significant association between neighborhood
socioeconomic status, as measured by the DCI, and either readmission rates or length of hospital
stay following bariatric surgery. These findings suggest that neighborhood-level disadvantage, as
captured by the DCI, may not independently predict these specific healthcare quality outcomes in
a regulated healthcare environment such as Maryland’s All-Payer Model. Nonetheless,
neighborhood socioeconomic status remains a relevant contextual factor for understanding
broader disparities in surgical care. Continued research is warranted to explore other structural
and individual-level determinants that may contribute to variations in post-operative recovery

and to inform targeted interventions for at-risk populations.
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TABLES

Table 1. Baseline Characteristics of Bariatric Surgery Patients by Neighborhood Socioeconomic

Status (DCI Quintiles) in Maryland, 2018-2020

Total Population| Prosperous | Comfortable | Mid-Tier | At-Risk | Distressed | Chi- p-
(N=10,784) (n=2,645) (n=3,085) | (n=2,204) |(n=1,487)| (n=1,363) |Square | value
Age (mean +
std) 441 £11.6 452 £11.8 446 £11.6 | 43.3+11.3 |43.4+£11.9/42.7 11 .4| 16.19 |<0.001
Age (Yr.) 72.2 |<0.001
1,219 857
18-44Yr. 5,746 (52.2%) |1,317 (48.0%)|1,568 (49.8%)| (54.4%) | (56.8%) |785 (57.3%)
583
45/64Yr. 4,766 (43.3%) |1,273 (46.4%)|1,415 (45.0%)|947 (42.2%)| (38.6%) |548 (40.0%)
>64Yr. 501 (4.6%) 152 (5.5%) | 165 (5.2%) | 77 (3.4%) |69 (4.6%)| 38 (2.8%)
Female (ref. 1,912 1,309 1,181
Man) 9,147 (83.1%) (2,140 (78.1%)|2,605 (82.8%)| (85.2%) | (86.8%) | (86.1%) | 80.63 |<0.001
Race/Ethnicity 805.165|<0.001
610
White 4,834 (44.8%) |1,638 (61.9%)|1,478 (47.9%)|767 (34.8%)| (41.0%) | 11 (0.8%)
1,243 779
Black 5,209 (48.3%) | 812 (30.7%) |1,391 (45.1%)| (56.4%) | (52.4%)
Hispanic 503 (4.7%) 111 (4.2%) | 137 (4.4%) | 157 (7.1%) |71 (4.8%)
Other 238 (2.2%) 84 (3.2%) 79 (2.6%) | 37 (1.7%) |27 (1.8%)
Insurance 438.517|<0.001
Self-Pay 33 (0.3%) 9 (0.3%) 13 (0.4%) 3(0.1%) | 6(0.4%) | 2(0.2%)
134
Medicare 988 (9.0%) 217 (7.9%) | 289 (9.2%) | 189 (8.4%) | (8.9%) |159 (11.6%)
Medicaid 2,110 (19.2%) | 309 (11.3%) | 481 (15.3%) |468 (20.9%) 453 (33.0%)
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399

(26.5%)
1,543 963
Private 7,737 (70.3%) |2,153 (78.6%)|2,324 (73.8%)| (68.8%) (63.9%) |754 (55.0%)
Other 143 (1.3%) 53 (1.9%) 41 (1.3%) | 40 (1.8%) | 6 (0.4%) | 3 (0.2%)
Charlson
Comorbidity
Index
483
CCIl =0 3,297 (29.9%) | 769 (28.1%) | 958 (30.4%) (704 (31.4%)| (32.0%) |383 (27.9%)
499
CCl=1-2 3,704 (33.6%) | 916 (33.4%) |1,055 (33.5%)|781 (34.8%)| (33.1%) |453 (33.0%)
527
CCl>2 4,012 (36.4%) |1,057 (38.6%)|1,135 (36.1%)|758 (33.8%)| (34.9%) |535 (39.0%)
Obesity
Classification
292
Class | Obesity| 2,401 (21.8%) | 678 (24.7%) | 754 (24.0%) (443 (19.8%)| (19.4%) |234 (17.1%)
Class Il 1,800 1,217 1,137
Obesity 8,612 (78.2%) (2,064 (75.3%)|2,394 (76.1%)| (80.3%) (80.7%) (82.9%) |21.633|0.006
Urban
169
Rural 1,016 (9.2%) | 357 (13.0%) | 261 (8.3%) | 197 (8.8%) | (11.2%) | 32 (2.3%)
Small Town 775 (7.0%) 176 (6.4%) | 270 (8.6%) | 100 (4.5%) |22 (1.5%) |207 (15.1%)
1,668 1,055
Suburban 7,426 (67.4%) (2,051 (74.8%)|2,518 (80.0%)| (74.4%) (69.9%) | 134 (9.8%) | 51.17 |<0.001
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263
Urban 1,796 (16.3%) | 158 (5.8%) | 99 (3.1%) |278 (12.4%)| (17.4%) |998 (72.8%)

Table 2: Adjusted Odds of 30-day Readmission by DCI Quintiles, Race & Ethnicity in Maryland

. Total
Distr esseq . Prosperous | Comfortable | Mid-Tier At-Risk Distressed
Communities | (N= P-
Index 10,784) | (n=2,742) | (n=3,148) (n=2,243) (n=1,509) | (n=1,371) | Tests value
Length of 1.85+ | 1.84= 1.88 + F-test:
Hospital Stay | 2.02 1.91 1.86+2.03 | 1.87+2.09 1.82+2.08 |2.00 0.25 0.907
hi2:
107 18 20 .
Readmissions | (0.99%) | (0.66%) 33(0.98%) |25 (1.11%) 13 (0.86%) | (1.46%) 6.885 0.142

Model adjusted for age, sex, insurance type, pre-existing comorbidity, obesity classification and
geographic classification.

Table 3: Length of Hospital Stay and Readmission Rates by Race and Ethnicity in Maryland

Total White Black Hispanic P-
Race & Ethnicity (N=10,784) (n=3,204) (n=3,751) (n=4,090) Tests value
F-test:
Length of Hospital Stay [ 1.85+2.01 1.88+2.02 |1.86+1.98 1.83+2.04 0.75 0.474
Chi2:
Readmissions 107 (0.99%) 27 (0.84%) |38 (1.01%) 42 (1.03%) 0.752 0.687

Model adjusted for age, sex, insurance type, pre-existing comorbidity, obesity classification and
geographic classification.
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Table 4: Adjusted association between DCI Quintiles, Race & Ethnicity and length of hospital

stay, Maryland 2018-2020

Length of Hospital Stay Coef. 95% CI P>t
Distressed Communities Index

Prosperous Reference

Comfortable 0.011 -0.091 0.113 0.833
Mid-Tier 0.055 -0.057 0.167 0.334
At-Risk -0.017 -0.142 0.109 0.792
Distressed -0.048 -0.205 0.108 0.547
Race & Ethnicity

White Reference

Black 0.085 0.001 0.169 0.046
Hispanic 0.036 -0.145 0.218 0.695
Other 0.119 -0.134 0.372 0.357

Model adjusted for age, sex, insurance type, pre-existing comorbidity, obesity classification and geographic context

Table 5: Adjusted Odds of Readmission by DCI Quintiles, Race & Ethnicity, Maryland 2018—

2020
Readmission Odds Ratio 95% CI P>z
Distressed Communities
Index
Prosperous Reference
Comfortable 1.52 0.841 2.748 0.165
Mid-Tier 1.739 0.928 3.258 0.084
At-Risk 1.209 0.581 2.518 0.611
Distressed 1.409 0.649 3.059 0.386
Race & Ethnicity
White Reference
Black 0.767 0.489 1.204 0.249
Hispanic 1.39 0.576 3.353 0.464
Other 0.439 0.06 3.228 0418

Model adjusted for age, sex, insurance type, pre-existing comorbidity, obesity classification and geographic context
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Table 6: Marginal Effects of Race & Ethnicity on Hospital Stay following Bariatric Surgery by

DCI, Maryland 2018-2020

Marginal
Effects 95% C1 P>t

Distressed Communities

Black vs. White Index
Prosperous 7.6% -8.8% [24.0% |0.364
Comfortable 15.0% 6.0% 29.5% | 0.041
Mid-Tier 12.4% -53% 130.2% |0.170
At-Risk 6.5% -14.3% | 27.3% | 0.541
Distressed -16.7% -41.8% | 8.4% 0.192
Distressed Communities

Hispanic vs. Other Index
Prosperous 7.0% -36.6% | 38.1% | 0.971
Comfortable 25.1% -89% |159.1% |0.148
Mid-Tier -7.0% -40.4% | 26.5% | 0.684
At-Risk -7.8% -55.8% | 40.3% | 0.751
Distressed 6.4% -69.7% | 82.5% | 0.869
Distressed Communities

Other vs. White Index
Prosperous 17.2% -25.3% | 59.7% | 0.427
Comfortable 0.000 -43.9% | 43.8% | 0.999
Mid-Tier 62.4% -1.5% 126.3% | 0.056
At-Risk -15.5% -90.1% | 59.1% | 0.684
Distressed -36.4% 152.7% | 79.8% | 0.539
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Marginal effects (with 95% confidence intervals) of race and ethnicity (Black, Hispanic, and
Other vs. White) on the likelihood of prolonged hospital stay following bariatric surgery,
stratified by neighborhood socioeconomic status (DCI quintiles). Estimates represent the
percentage point difference in predicted probability of extended hospital stay for each racial or
ethnic group compared to White patients within each DCI category. Positive values indicate a
higher probability of prolonged stay; negative values indicate a lower probability.

Table 7: Marginal Effects of Race (Black vs. White) on Readmissions following Bariatric

Surgery by DCI, Maryland 2018-2020

Distressed Communities Marginal Effects [95% CI p-value
Index

Prosperous 0.30% -0.50% [1.10% |0.51
Comfortable -0.50% -1.30% [-0.40% 10.26
Mid-Tier -0.90% -2.00% 10.30% |0.13
At-Risk 0.00% -0.90% [1.00% 10.92
Distressed -0.40% -1.50% 10.80% |0.49

Marginal effects (with 95% confidence intervals) of race (Black vs. White) on the likelihood of
30-day hospital readmissions following bariatric surgery, stratified by neighborhood
socioeconomic status (Distressed Communities Index quintiles). Estimates represent the
percentage point difference in the predicted probability of readmission for Black patients
compared to White patients within each DCI category. Positive values indicate a higher
probability of readmission, negative values indicate a lower probability.
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Chapter 5: Conclusion

Study Summary

This dissertation examined the influence of neighborhood socioeconomic status (nSES),
measured by the Distressed Communities Index (DCI), on the utilization and short-term
outcomes following bariatric surgery among adult patients in Maryland. Three distinct yet
interconnected studies were conducted to assess how socioeconomic disparities at the
neighborhood level impact healthcare utilization and postoperative outcomes for bariatric

surgery patients.

The first study evaluated the association between neighborhood socioeconomic status and
bariatric surgery utilization. It demonstrated significant disparities, finding that patients residing
in socioeconomically distressed neighborhoods were considerably less likely to undergo bariatric
surgery compared to those from more affluent neighborhoods. Specifically, individuals from
distressed neighborhoods had 33% lower odds of receiving bariatric surgery compared to those
from prosperous areas. Across all DCI quintiles, Black individuals had higher bariatric surgery

utilization than White individuals, a pattern not observed among Hispanic or Other racial groups.

The second study investigated the impact of neighborhood socioeconomic status on short-term
postoperative complications following bariatric surgery. Contrary to expectations, this study
found no statistically significant association between neighborhood socioeconomic disadvantage,
as measured by the Distressed Communities Index, and short-term postoperative complications
such as gastrointestinal leaks, venous thromboembolism, or gastrointestinal bleeding. We created
a composite outcome to capture whether a patient experienced any postoperative complication.

There was no significant association between DCI quintiles and the risk of experiencing at least
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one complication following bariatric surgery. Additionally, race & ethnicity did not significantly
moderate this relationship, suggesting that standardized perioperative protocols and Maryland’s

All-Payer Model may mitigate some socioeconomic disparities in short-term surgical outcomes.

The third study assessed whether neighborhood socioeconomic status influenced healthcare
quality measures, specifically hospital length of stay and readmission rates following bariatric
surgery. DCI quintiles were not significantly associated with readmissions or prolonged hospital

stay after bariatric surgery.

Study Limitations

Several limitations across the three studies should be acknowledged. Firstly, utilizing ZIP codes
to measure neighborhood socioeconomic status via the Distressed Communities Index assumes
homogeneity in socioeconomic conditions within each ZIP code. This assumption likely does not
capture the variability of individual-level socioeconomic factors within neighborhoods, such as
specific income levels, educational attainment, employment status, or healthcare access, all of

which may independently affect bariatric surgery utilization and outcomes.

Additionally, reliance on administrative data from the Maryland State Inpatient Database (SID)
presents inherent limitations, including potential misclassification bias due to reliance on ICD-10
codes rather than clinical validation. Administrative databases typically lack comprehensive
clinical details, such as severity of obesity-related conditions, nutritional status, social support
systems, adherence to postoperative care instructions, and healthcare literacy, potentially leading

to unmeasured confounding.

Another limitation is the observational study design, which precludes definitive causal inference.

While associations between neighborhood socioeconomic status and surgery outcomes were
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observed, the nature of retrospective cohort and cross-sectional analyses cannot establish
causality. Hospital-level factors, such as variations in care quality, provider experience, and

facility resources, which could independently influence outcomes, were not assessed.

The use of administrative inpatient databases inherently excludes outpatient care, which is
particularly relevant given increasing trends toward outpatient bariatric procedures. This
exclusion limits the understanding of how outpatient care influences postoperative outcomes and
healthcare utilization disparities. Although restricting the analysis to inpatient procedures

partially mitigates this concern, the potential impact of outpatient care remains unaddressed.

The substantial missing data (approximately 40%) for the primary explanatory variable, DCI,
necessitated multiple imputation techniques. Although sensitivity analyses confirmed the
robustness of findings, multiple imputation inherently introduces uncertainty and could

potentially bias the estimates.

Lastly, the generalizability of findings may be limited by Maryland's unique All-Payer Model,
which standardizes hospital reimbursement rates. This model may mitigate financial disparities
in healthcare access compared to other states, potentially limiting the applicability of results to

states without similar reimbursement systems.

Future research should consider integrating longitudinal designs, individual-level socioeconomic
data, patient-reported outcomes, and qualitative methods to provide a more comprehensive

understanding of the factors influencing bariatric surgery utilization and outcomes.
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Study Conclusions

Collectively, the findings of this dissertation underscore the critical role of neighborhood
socioeconomic status as a determinant of bariatric surgery utilization. While neighborhood
disadvantage was consistently associated with lower utilization rates, it did not significantly
influence immediate postoperative complication rates, readmissions, or hospital stays. These
nuanced outcomes suggest that broader systemic factors, including standardized healthcare
protocols under Maryland’s All-Payer Model, might attenuate immediate postoperative

disparities in Maryland.

This research highlights the need for targeted interventions addressing barriers to healthcare
access in disadvantaged neighborhoods, including enhancing post-discharge support systems,
improving healthcare literacy, and refining referral and follow-up procedures. Moreover, policy
efforts aimed at reducing structural inequities within healthcare systems, particularly those
targeting neighborhood-level disparities, are crucial for achieving equitable surgical care

outcomes.

Ultimately, addressing socioeconomic disparities in healthcare requires comprehensive, systemic
changes aimed at enhancing social support structures, economic empowerment, and equitable
resource allocation to disadvantaged communities. Future studies should further explore long-
term outcomes and investigate specific mechanisms by which neighborhood-level factors

influence healthcare access and quality to inform effective health policy interventions.
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include your project title and reference number in all comespondence with this commities.

This letter has een elecironically signed In accomance win all applicabie reguIalions, and a copy |5 ret@Ened within Lniversity of
Maryland Coliage Park (UMCP) iIRE'S recomnts.
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Appendix

B: Sensitivity Analysis Results

Table 1: Adjusted odds of Post-op Complications following Bariatric Surgery by ADI Strata and

Race, Maryland 2018-2020

Bariatric Surgery Odds Ratio 95% ClI P>z
Utilization

Area Deprivation Index

<25th Percentile Reference

25th-75th Percentile 0.874 0.828 0.923 <0.001
>75th Percentile 0.958 0.905 1.014 0.136
Race & Ethnicity

White Reference

Black 1.271 1.213 1.332 <0.001
Hispanic 1.093 0.985 1.212 0.093
Other 1.023 0.885 1.181 0.76

Table 1 displays adjusted odds ratios (ORs) and 95% confidence intervals (Cls) for post-operative complications
following bariatric surgery by Area Deprivation Index (ADI) strata and race/ethnicity in Maryland from 2018 to

2020. Estimates are derived from multivariable logistic regression models adjusting for demographic and clinical
covariates. The <25th ADI percentile and White race serve as reference groups.

Table 2: Adjusted odds of Post-op Complications following Bariatric Surgery by ADI Strata and

Race, Maryland 2018-2020

All All GIT Leaks Venous GIT Bleeding

Complications Complication Thromboembolism

Area

Deprivation

Index

<25th Percentile | Reference Reference Reference Reference

25th-75th 1.00 (0.81- 0.79 (0.48-1.28) | 1.24 (0.90-1.72) 1.00 (0.52-1.93)

Percentile 1.24)

>75th Percentile | 0.85 (0.67- 0.69 (0.40-1.89) | 0.86 (0.59-1.23) 1.23 (0.63-2.40)
1.07)

Race &

Ethnicity

95




White Reference Reference Reference Reference

Black 0.98 (0.81- 1.05 (0.66-1.67) | 1.00 (0.75-1.34) 1.46 (0.82-2.59)
1.19)

Hispanic 1.16 (0.76- 2.22 (1.05-4.72) | 0.93 (0.44-1.93) 1.54 (0.45-5.26)
1.77)

Other 0.73 (0.37- - 1.05 (0.42-2.61) 0.97 (0.13-7.26)
1.45)

Table 2 presents adjusted odds ratios (ORs) and 95% confidence intervals (Cls) for various post-operative
complications following bariatric surgery, stratified by Area Deprivation Index (ADI) and race/ethnicity, in
Maryland from 2018 to 2020. Complications assessed include overall complications, gastrointestinal (GIT) leaks,
venous thromboembolism, and GIT bleeding. Estimates were obtained from multivariable logistic regression models
adjusting for relevant demographic and clinical factors. The <25th ADI percentile and White race serve as
reference categories. A dash (-) indicates insufficient sample size for model estimation.

Table 3: Adjusted Odds of 30-day Readmission by ADI Strata, Race & Ethnicity, Maryland
2018-2020

Readmission Odds Ratio 95% CI P>z
Area Deprivation Index

<25th Percentile Reference

25th-75th Percentile 1.164 0.7 1.935 0.558
>75th Percentile 0.877 0.505 1.521 0.64
Race & Ethnicity

White Reference

Black 0.812 0.52 1.266 0.358
Hispanic 1.445 0.601 3.476 0.411
Other 0.429 0.058 3.161 0.406

Table 3 shows adjusted odds ratios (ORs) and 95% confidence intervals (Cls) for 30-day hospital readmission
following bariatric surgery, stratified by Area Deprivation Index (ADI) and race/ethnicity, in Maryland from 2018 to
2020. Estimates are derived from multivariable logistic regression models accounting for key demographic and
clinical covariates. The <25th ADI percentile and White race serve as reference groups.

Table 4: Adjusted association between ADI Strata, Race & Ethnicity and length of hospital stay,
Maryland 2018-2020

Length of Hospital Stay Coef. 95% CI P>t
Area Deprivation Index

<25th Percentile Reference

25th-75th Percentile -0.016 -0.111 0.078 0.737
>75th Percentile -0.073 -0.172 0.026 0.149
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Race & Ethnicity

White Reference

Black 0.091 0.008 0.174 0.032
Hispanic 0.036 -0.145 0.217 0.698
Other 0.111 -0.141 0.364 0.388

Table 4 presents adjusted coefficients and 95% confidence intervals (Cls) for the association between Area
Deprivation Index (ADI) strata, race/ethnicity, and length of hospital stay following bariatric surgery in Maryland
from 2018 to 2020. Estimates are derived from multivariable linear regression models adjusting for relevant
demographic and clinical characteristics. The <25th ADI percentile and White race serve as reference groups.
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Appendix C: STATA ANALYSIS CODES FOR PAPER 1

*******Study I*******
*x%xikPatient Selection****

*kkx**Body Mass Index Code™******#*

gen Obesity Class =0

forvalues c=1/35 {

replace Obesity Class =1 if [10 DX c'=="7Z6830" | [10_DX'c'=="7Z6831" | 110 DX'c' =="Z6832"
replace Obesity Class =1 if [10_ DX c¢'=="Z6833" | [10_DX'c' == "Z6834"

replace Obesity Class =2 if 10 DX c'=="Z6835" | 110 DX'c'=="Z6836" | 110 DX'c' =="Z6837"
replace Obesity Class =2 if [10_ DX c'=="Z6838" | [10_DX'c' == "Z6839"

replace Obesity Class =3 if [10 DX'c'=="7Z6841" | 110 DX'c'=="7Z6842" | [10_DX'c' == "Z6843"
replace Obesity Class =3 if [10_ DX'c'=="Z6844" | 110_DX'c' == "Z6845"

}

FakxdrEdrop Obesity Class I: BMI 30.0-34.9% %%

drop if Obesity Class==

*kE***tgenerate Bariatric surgery procedures codes®****

gen BS=0

forvalues c=1/25 {

replace BS=1 if

10 PR'c'=="0DB64Z3"[I[10_PR'c'=="0DV64CZ"|I10_PR'c'=="0D16479"I110 PR'c'=="0D1647A"[I10_PR'c'=="0D1647B"
replace BS=1 if

110 PR'c¢c'=="0D1647L"[I110_PR'c'=="0D164J9"|110_PR'c'=="0D164JA"|I10_PR'c'=="0D164JB"|I10_PR’c'=="0D164JL"
replace BS=1 if

110 PR'c'=="0D164K9"|I10_PR'c'=="0D164KA"[I10_PR'c¢'=="0D164KB"[I[10_PR'¢'=="0D164KL"|I110 PR'c'=="0D164Z9"
replace BS=1 if [10_PR'¢'=="0D164ZA"|I10_PR'c¢'=="0D164ZB"[I110 PR'c'=="0D164ZL"

replace BS=1 if

110 PR¢'=="0D16079"[110 PR'¢'=="0D1607A"[I110_PR'¢'=="0D1607B"|I110_PR’'c'=="0D1607L"|I110_PR'c¢'=="0D160J9"
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replace BS=1 if

110 PR'¢'=="0D160JA"I10 PR'c'=="0D160JB"|I10_PR'c'=="0D160JL"[I10 PR c'=="0D160K9"|I10_PR'c'=="0D160KA"
replace BS=1 if

110 PR'¢'=="0D160KB"[I10 PR'c'=="0D160KL"|I10_PR'c'=="0D160Z9"|110_PR'c'=="0D160ZA"|[I10_PR’c¢'=="0D160ZB"
replace BS=1 if

110 PR'¢'=="0D160ZL"|I10_PR'c'=="0D16879"[I10 PR'c¢'=="0D1687A"[I10_PR'c'=="0D1687B"|[10_PR'c¢'=="0D1687L"
replace BS=1 if

110 PR'c'=="0D168J9"|110_PR’c'=="0D168JA"|I10_PR’'c'=="0D168JB"|[I10 PR'c¢'=="0D168JL"|[I10 PR c'=="0D168K9"
replace BS=1 if

110 PR'¢'=="0D168KA"|[I10_PR’c'=="0D168KB"[I10_PR'c¢'=="0D168KL"[I10 PR'c'=="0D168Z9"110 PR'c'=="0D168ZA"
replace BS=1if [10_PR’c¢'=="0D168ZB"|I110_PR'c'=="0D168ZL"

replace BS=1 if

[10_ PR'c¢c'=="0D19079"[110_PR'c¢'=="0D1907A"I110_PR'c'=="0D1907B"|I110_PR’'c'=="0D190J9"[I10_PR'c'=="0D190JA"
replace BS=1 if

110_PRc'=="0D190JB"|I10_PR’c'=="0D190K9"|I110_PR'¢'=="0D190KA"|I10 PR'c'=="0D190KB"|I10_PR'c'=="0D190Z9"
replace BS=1 if

110 PR'c'=="0D190ZA"|I10_PR’'c'=="0D190ZB"|I10_PR'c'=="0D19479"|[110_PR'c'=="0D1947A"[I110_PR'c'=="0D1947B"
replace BS=1 if

110 PR'c'=="0D194J9"|110_PR’c'=="0D194JA"|I10_PR'c'=="0D194JB"[I10_PR'c'=="0D194K9"|I10_PR'c'=="0D194KA"
replace BS=1 if

[10_ PR'c'=="0D194KB"[I10_PR'c'=="0D194Z9"[110 PR'c'=="0D194ZA"|I10_PR'c'=="0D194ZB"|I10 PR c'=="0D19879"
replace BS=1 if

110 PR'c¢'=="0D1987A"|I10_PR'c'=="0D1987B"[I10_PR'c¢'=="0D198J9"|I110_PR’c'=="0D198JA"|I10_PR'c'=="0D198JB"
replace BS=1 if

110 PR'c'=="0D198K9"|I10_PR'c'=="0D198KA"[I[10_PR'c¢'=="0D198KB"[I[10_PR'¢'=="0D198Z9"|I110_PR’c'=="0D198ZA"
replace BS=1 if

10 PR'c¢'=="0D198ZB"|[I10_PR'c¢'=="0D1A07A"|I10_PR'c'=="0D1A07B"|I10_PRc'=="0D1A0JA"I10_PR'c¢'=="0D1A0JB"
replace BS=1 if

110 PR'¢'=="0D1AOKA"|I10 PR'c'=="0D1AOKB"|[I10_PR'c¢'=="0D1A0ZA"|I10_PR'c'=="0D1A0ZB"|[I10_PR'c¢'=="0D1A47A"
replace BS=1 if

110 PR'¢'=="0D1A47B"[I110_PR'c'=="0D1A4JA"|I10_PR'c'=="0D1A4JB"|I10 PR'c'=="0D1A4KA"|I10 PR'c'=="0D1A4KB"
replace BS=1 if

110 PR'¢'=="0D1A4ZA"I10 PR'c'=="0D1A4ZB"|I10 PR'c'=="0D1A87A"|[I10_PR'c¢'=="0D1A87B"|[I[10 PR'c¢'=="0D1A8JA"
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replace BS=1 if
110 PR'¢'=="0D1A8JB"[I10_ PR'¢'=="0D1ASKA"I10 PR ¢'=="
replace BS=1 if

110 PR ¢'=="0D1A8ZH"[I10 PR c¢'=="0D1B07B"|[10 PR ¢'=="0D1B0JB"|I10 PR ¢'=="0D1BOKB"[I10 PR ¢'=="0D1B0ZB"

replace BS=1 if

110 PR'¢'=="0D1B47B"[110_ PR c'=="0D1B4JB"|[10 PR ¢'=="0D1B4KB"|[10 PR ¢'=="0D1B4ZB"[I10 PR ¢'=="0D1B87B"
replace BS=1if 110_PR c'=="0D1B8JB"[I110_PR'¢'=="0D1B8KB"|I10_PR c'=="0D1B8ZB"|[10_PR ¢'=="0D1B8ZH"

replace BS=1 if

110 PRc'=="0DB60Z3"|[I10_PR'c'=="0DB60ZZ"|I10_PR'c'=="0DB63Z3"|I110_PR'c'=="0DB63ZZ"|I110_PR'c¢'=="0DB67Z3"

replace BS=1 if

110 PR ¢'=="0DB67ZZ"[110 PR c¢'=="0DB68Z3"[110 PR c'=="0DB80ZZ"|110_PRc'=="0DB90ZZ"|110 PR c'=="0DBB0ZZ"

replace BS=1if [10_PR’c¢'=="0D160ZB"[I110_PR"c'=="0F190Z3"
}

gen RACE4=.

replace RACE4=0 if RACE==

replace RACE4=1 if RACE==2

replace RACE4=2 if RACE==3

replace RACE4=3 if RACE=—=4|RACE==5RACE==6

tab RACE4

label define RACE4 0 "White" 1 "Black" 2 "Hispanic" 3 "Other"
label values RACE4 RACE4

codebook PAY1

gen Insurance=.

replace Insurance=0 if PAY 1=4
replace Insurance=0 if PAY ==
replace Insurance=1 if PAY 1==
replace Insurance=2 if PAY 1==2
replace Insurance=3 if PAY 1==3
replace Insurance=4 if PAY 1==6
tab Insurance

0D1A8SKB"I10_PR'c'=="0D1A8ZA"|I10_PR'c¢'=="0D1A8ZB"
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label define Insurance 0 "Self-Pay" 1 "Medicare" 2 "Mediciad" 3 "Private" 4 "Other"
label values Insurance Insurance

sum AGE,detail

recode AGE 18/44=0 45/64=1 65/200=2, prefix(new age?2)
tab new_age2 AGE

drop if new age2 AGE > 2

tab new_age2 AGE

label define AGE2 0 "18/44Yr." 1 "45/64Yr." 2 ">64Yr."
label values new_age2 AGE AGE2

rename new_age2AGE AGE2

gen diabetes=0

forvalues c=1/25 {

replace diabetes=1 if [10_ DX c¢'=="E090" | [10_DX'c'=="E11" |110 DX'c¢'=="E111" | 110 _DX'c¢'=="E1101" | 110_DX'c'=="E1110" |
110 DX ¢'=="E1111"

replace diabetes=1 if [10_ DX'c¢'=="E1121"| 110 DX 'c'=="E1122"| 110 DX c¢'=="E1129" | 110 _DX'c'=="E113" | 110_DX'c'=="E114"
| 110 DX c¢'=="E115"

replace diabetes=1 if [10_DX'c'=="E116" | [10_DX'c'=="E118" | [10_DX'c¢'=="E119" | [10_DX'c¢'=="E13" | 110_DX'c¢'=="E130" |
110 DX'¢'=="E131"

replace diabetes=1 if [10_DX'c¢'=="E132" | [10_DX'c'=="E133" | 110 DX 'c¢'=="E134" | 110_DX'c¢'=="E125" | [10_DX c¢'=="E136" |
110 DX'c¢'=="E138"

replace diabetes=1 if [10_DX'c¢'=="E139" | [10_DX'c'=="E10" | 110 DX c¢'=="E1010" | 110_DX'c'=="E1011" | 110 DX c'=="E103" |
110_DX'c¢'=="E1032"

replace diabetes=1 if [10_DX'c¢'=="E1033"| [10_DX'c¢'=="E1035"| [10_DX'c¢'=="E104" | [10_DX'c'=="E105" | 110_DX'c'=="E106" |
110_DX'c¢'=="E108"

replace diabetes=1 if [10_DX c'=="E109"

}

gen heart failure=0

forvalues c=1/15 {

replace heart_failure=1if [10_DX'c¢'=="1110" | I10_DX'c¢'=="150810" | [10_DX'c'=="1509" | [10_DX c¢'=="150811"
replace heart failure=1 if [10_ DX 'c¢'=="150812" | [10_DX'c'=="150814" | [10_DX'c'=="15021" | 110 _DX'c'=="15022"
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replace heart failure=1if [10 DX c¢'=="15031" | 110 DX c'=="15032" | [10_DX c¢'=="I502" | 110 DX c'=="15084"
replace heart failure=1 if [10_ DX c'=="1503" | I10_DX'c'=="15020" | [10_DX'c¢'=="15030" | [10_DX c'=="15023"
replace heart failure=1if [10 DX 'c¢'=="15033" | 110 DX c'=="150183" | 110 DX c'=="1504" | 110 DX c'=="15041"
replace heart failure=1 if [10_ DX c'=="15042" | [10_DX'c¢'=="15043" | 110_DX'c'=="15081" | [10_DX c¢'=="I5082"
replace heart failure=1 if [10_ DX c¢'=="1501"

}

gen hypertension=0

forvalues c=1/25 {

replace hypertension=1 if [10_DX'c¢'=="110" | [10_DX'c'=="I115" | [10_DX c'=="1150" | I10_DX c'=="1151"
replace hypertension=1 if [10_DX'c¢'=="1152" | [10_DX'c¢'=="1158" | [10_DX'c'=="I1159" | 110 DX c'=="1160"
replace hypertension=1 if [10_ DX c¢'=="1161" | 110_DX'c'=="1674"

}

gen hyperlipidemia=0

forvalues c=1/25 {

replace hyperlipidemia=1 if [10_ DX c¢'=="E7800" | [10_DX'c'=="E7801" | [10_ DX c'=="E781" | [10_DX'c'=="E782"
replace hyperlipidemia=1 if [10 DX ¢'=="E783" | [10_DX'c'=="E784" | [10_ DX c'=="E7849" | 110_DX'c¢'=="E785"
replace hyperlipidemia=1 if [10_ DX c¢'=="E786" | [10_DX'c'=="E787" | [10_DX c'=="E788"

}

gen ckd=0

forvalues c=1/25 {

replace ckd=1 if [10 DX c¢'=="N181" | [10_ DX c'=="N182" | 110_DX'c¢'=="N183" | 110_DX'c¢'=="N184"

replace ckd=1 if 10 DX ¢'=="N185" | [10_DX'¢'=="N186" | 110 DX '¢'=="N189" | 110_DX'c¢'=="1120"

replace ckd=1 if [10_ DX c'=="112" | [10_DX'c¢'=="1129" | [10_DX'c'=="E0822" | 110 DX c¢'=="E0922"

replace ckd=1 if [10_ DX '¢'=="E1022" | 110_DX'c'=="E1122" | 110_DX'c'=="E112"

}

gen copd=0

forvalues c=1/25 {

replace copd=1 if [10_ DX c'=="J449" | 110_DX'c¢'=="J43" | 110 DX c'=="J430" | 110 DX c¢'=="J431"

replace copd=1 if [10_DX'c'=="J432" | [10_DX'c'=="J438" | [10_DX'c'=="J439" | [10_DX'c'=="J44"

replace copd=1 if [10_ DX c'=="J440" | 110_DX'c¢'=="J441" | 110_DX'¢'=="J449" | 110_DX'c'=="J41"

replace copd=1 if [10_DX'c'=="J410" | [10_ DX c'=="J411" | [10_DX c'=="J418"

102



}

gen ischemic_cvd=0

forvalues c=1/25 {

replace ischemic_cvd=1if [10 DX ¢'=="728673" | [10_DX'c'=="1639" | [10_DX'c'=="16340" | [10_DX'c¢'=="163"
replace ischemic_cvd=1if 110 DX c¢'=="16330" | I10_DX'c'=="16300" | [10_DX'c¢'=="163019" | [10_DX c¢'=="16309"
replace ischemic_cvd=1if [10 DX ¢'=="16310" | [10_DX'c'=="163113" | 110_DX'c¢'=="163111" | I10_DX'c'=="163119"
replace ischemic _cvd=1 if [10_ DX c¢'=="163349" | [10_DX'c'=="163449"

}

tab ischemic cvd

tab diabetes

tab hypertension

gen atrial_fibrillation=0

forvalues c=1/25 {

replace atrial_fibrillation=1 if [10_DX c¢'=="1480" | I110_DX'c'=="14891" | [10_DX'c'=="14819" | I10_DX c'=="14820"
replace atrial_fibrillation=1 if [10_ DX ¢'=="I489" | 110 _DX'c'=="1481" | 110 DX 'c¢'=="148" | 110 DX c'=="14811"
replace atrial_fibrillation=1 if [10_ DX ¢c'=="1483" | 110_DX'c'=="14821" | [10_DX'c'=="1484" | [10_DX'c'=="1483"

b

tab atrial fibrillation

gen smoking tobacco use=0

forvalues c=1/25 {

replace smoking tobacco use=1 if [10 DX c'=="7Z87891" | 110 DX c'=="72720" | 110 DX '¢'=="F172" | 110 DX c¢'=="F17220"
b

rename smoking_tobacco use

rename smoking_tobacco use smoking

}

gen solid_cancer=0
forvalues c=1/25 {
replace solid_cancer=1 if [10_ DX c¢'=="C000" | [10_DX'c'=="C001" | 110_DX'c'=="C002" | 110_DX'c'=="C003"
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replace solid cancer=1 if [10_ DX'c'=="C004" | [10_DX'c'=="C005" | [10_DX c'=="C006" | 110_DX"c'=="C008" |
110 DX c¢'=="C009"

replace solid cancer=1 if [10_ DX'c'=="C01" | I10_DX'c¢'=="C020" | I10_DX'c'=="C021" | I10_ DX c'=="C022" |
110 DX c¢'=="C023"

replace solid cancer=1 if [10_ DX'c'=="C024" | [10_ DX c¢'=="C028" | [10_DX'c'=="C029" | [10_ DX c'=="C030" |
110 DX c¢'="C031"

replace solid cancer=1 if [10_ DX c'=="C039" | [10_DX'c'=="C040" | [10_DX'c'=="C041" | [10_DX'c'=="C048" |
110 DX c¢'=="C049"

replace solid cancer=1 if [10_ DX c'=="C050" | [10_DX'c¢'=="C051" | [10_DX c'=="C052" | [10_DX'c'=="C058" |
110 DX c¢'=="C059"

replace solid _cancer=1 if [10_ DX c¢'=="C060" | I10_DX'c'=="C061" | I10_DX'c'=="C062" | [10_DX c'=="C0680" |
110 DX c¢'="C0689"

replace solid_cancer=1 if [10 DX 'c¢'=="C069" | I110_DX'c'=="C07" | [10_DX'c'=="C080" | I10_DX c'=="C081" |
110 DX c¢'=="C089"

replace solid cancer=1 if [10_ DX'c¢'=="C090" | 110 DX c'=="C091" | I10_DX'c'=="C098" | [10_ DX c'=="C099" |
110 DX c¢'=="C100"

replace solid cancer=1 if [10 DX'c¢'="C101" | I10_DX'c'=="C102" | 110_DX'c'=="C103" | [10_ DX c'=="C104" |
110 DX c¢'=="C108"

replace solid_cancer=1 if [10_DX'c¢'=="C109" | 110_DX'c'=="C110" | [10_DX'c'=="CI111" | 110_DX'c'=="C112" |
110 DX'c¢'=="CI113"

replace solid_cancer=1 if [10_DX'c¢'=="CI118" | [10_DX'c¢'=="C119" | 110_DX'c'=="C153" | [10_DX'c'=="C154" |
110 DX c¢'="C155"

replace solid cancer=1 if [10_ DX'c¢'=="C158" | 110_DX'c'=="C159" | 110_DX'c'=="C160" | [10_ DX c¢'=="C161" |
110 DX'c¢'=="C162"

replace solid cancer=1 if [10_ DX'c¢'=="C163" | 110 DX c'=="C164" | 110_DX'c'=="C165" | [10_ DX c¢'=="C166" |
110 DX c¢'="C168"

replace solid_cancer=1 if [10_ DX'¢'=="C169" | 110_DX'c'=="C170" | 110_DX'c'=="C171" | [10_DX'c¢'=="C172" |
110 DX ¢'="C173"

replace solid_cancer=1if [10_ DX'c¢'=="C178" | 110_DX'c'=="C179" | 110_DX'c'=="C180" | [10_ DX c¢'=="C181" |
110 DX'c¢'=="C182"

replace solid_cancer=1 if [10_ DX'¢'=="C183" | [10_DX'c'=="C184" | 110_DX'c'=="C185" | [10_DX'c¢'=="C186" |
110 DX c¢'="C187"

replace solid_cancer=1 if [10_DX'c¢'=="C188" | I10_DX'c'=="C189" | 110_DX'c¢'=="C19" | 110_DX'c'=="C20" | I10_DX c'=="C210"
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replace solid_cancer=1 if 110 DX '¢'=="C211" | 110 DX 'c¢'=="C212" | 110_DX'¢'=="C218" | 110_DX c'=="C220" |
110 DX'¢'=="C221"

replace solid_cancer=1 if 110 DX ¢'=="C222" | 110_DX'¢'=="C223" | 110 DX ¢'=="C224" | 110 DX '¢'=="C227" |
110 DX'c¢'=="C228"

replace solid_cancer=1 if 10 DX ¢'=="C229" | 110_DX'¢'=="C23" | 110_DX'¢'=="C240" | 110 DX c'=="C241" |

110 DX'c¢'=="C248"

replace solid_cancer=1 if 10 DX ¢'=="C249" | 110_DX'¢'=="C250" | 110 DX ¢'=="C251" | 110 DX '¢'=="C252" |
110 DX'¢'=="C253"

replace solid_cancer=1 if 110 DX ¢'=="C254" | I110_DX'¢'=="C257" | 110_DX ¢'=="C258" | 110_DX ¢'=="C259" |
110 DX'c¢'=="C300"

replace solid_cancer=1 if 110 DX'¢'=="C301" | 110_DX'¢'=="C310" | 110_DX'¢'=="C311" | 110_DX c'=="C312" |
110 DX'¢'=="C313"

replace solid_cancer=1 if 110 DX'¢'=="C318" | 110_DX'¢'=="C319" | 110 DX ¢'=="C33" | [10_DX c'=="C3400" |
110 DX'¢'=="C3401"

replace solid_cancer=1 if 110 DX'¢'=="C3412" | 110_DX'¢'=="C342" | 110_DX'c'=="C3430" | 110 DX ¢'=="C3431" |
110 DX'¢'=="C3432"

replace solid_cancer=1 if 110_DX'¢'=="C3480" | 110 DX ¢'=="C3481" | 110_DX ¢'=="C3482" | 110_DX '¢'=="C3490" |
110 DX'¢'=="C3491"

replace solid_cancer=1 if 110 DX ¢'=="C3492" | 110_DX'¢'=="C50011" | 110_DX'¢'=="C50012" | 110_DX c¢'=="C50019" |
110 DX'¢'=="C50021"

}

tab solid cancer

gen liver disease=0

forvalues c=1/25 {

replace liver _disease=1 if [10_ DX 'c¢'=="K762" | 110_DX'c¢'=="K763" | 110_DX'c'=="K764" | [10_DX c'=="K765"
replace liver disease=1 if [10_ DX c¢'=="K766" | [10 DX c¢'=="K767" | 110_DX'c¢'=="K768" | 110_DX c'=="K7681"
replace liver_disease=1 if [10_ DX c¢'=="K7682" | [10_DX'c'=="K7689" | 110_DX c'=="K769" | [10_DX c'=="K77"
replace liver disease=1 if [10_DX c¢'=="K80" | [10_DX'c'=="K800" | [10_DX c'=="K8000" | I10_DX"c'=="K8001"
replace liver disease=1 if [10_ DX c¢'=="K801" | [10_DX'c¢'=="K8010" | [10_DX'c¢'=="K8011" | 110_DX c'=="K8012"
replace liver disease=1 if [10_ DX c¢'=="K8013"

}

gen paralysis=0
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forvalues c=1/25 {

replace paralysis=1 if [10_ DX c'=="G8113" | [10_DX'c'=="G8114" | 110 DX'c¢'=="G819" | [10_DX c'=="G8190"
replace paralysis=1 if [10_DX'c¢'=="G8191" | [10_DX'c'=="G8192" | 110_DX'¢'=="G8193" | [10_DX c'=="G8194"
replace paralysis=1 if [10_ DX c'=="G82" | I10_DX'c'=="G822" | 110_DX'c'=="G8220" | 110 DX c'=="G8§221"
replace paralysis=1 if [10_DX'c¢'=="G8222" | [10_DX'c'=="G825" | [10_DX'c¢'=="G8250" | [10_DX'c'=="G8251"
replace paralysis=1 if [10_ DX c'=="G8252" | I10_DX'c¢'=="G8253" | [10_DX'c'=="G8254" | 110_DX c'=="G8&3"
replace paralysis=1 if [10_ DX c'=="G830"

}

gen hiv_aids=0

forvalues c=1/25 {

replace hiv_aids=1 if [10_DX'c¢'=="B20" | [10_DX'c¢'=="B200" | [10_DX'c'=="B201" | 110_DX'c¢'=="B202"
replace hiv_aids=1 if [10_DX'c¢'=="B203" | [10_DX'c'=="B204" | [10_DX'c¢'=="B205" | 110_DX c¢'=="B206"
replace hiv_aids=1 if [10_DX'c¢'=="B207" | [10_DX'c¢'=="B208" | [10_DX'c¢'=="B209" | 110_DX c'=="B21"
replace hiv_aids=1 if [10_DX'c¢'=="B210" | [10_DX'c'=="B211" | [10_DX'c¢'=="B212" | 110_DX'c¢'=="B213"
replace hiv_aids=1 if [10_DX'c¢'=="B217" | 110_DX'c'=="B218" | [10_DX'c¢'=="B219" | 110_DX c'=="B22"
replace hiv_aids=1 if [10_DX'c¢'=="B220" | [10_DX'c'=="B221" | 110 DX c'=="B222" | 110_DX'c¢'=="B227"
replace hiv_aids=1 if [10_DX'c¢'=="B23" | [10_DX'c¢'=="B230" | 110_DX'c¢'=="B231" | 110_DX'c¢'=="B232"
replace hiv_aids=1 if [10_DX'c'=="B238" | I10_DX'c'=="B24" | I10_DX'c'=="0987" | [10_DX c'=="R75"
replace hiv_aids=1 if [10_DX'c'=="Z114" | 110_DX'c'=="72206" | 110_DX'c'=="721" | 110_DX'c¢'=="Z2717"
replace hiv_aids=1 if [10_DX c¢'=="2830"

b

gen peptic_ulcer=0

forvalues c=1/25 {

replace peptic_ulcer=1 if [10_DX'c¢'=="K269" | 110_DX'c¢'=="K27" | [10_DX'c¢'=="K270" | [10_DX'c¢'=="K271"
replace peptic_ulcer=1 if [10_ DX c'=="K272" | [10_DX'c'=="K273" | [10_DX'c¢'=="K274" | 110 DX c¢'=="K275"
replace peptic_ulcer=1 if [10_DX'c¢'=="K276" | 110_DX'c¢'=="K277" | 110_DX'c¢'=="K279" | 110_DX c'=="K28"
replace peptic_ulcer=1 if [10_ DX c'=="K280" | [10_DX'c¢'=="K281" | [10_DX'c¢'=="K282" | 110 DX c'=="K283"
replace peptic_ulcer=1 if [10_DX'c¢'=="K284" | [10_DX'c¢'=="K285" | 110_DX'c¢'=="K286" | I10_DX c'=="K287"
replace peptic_ulcer=1 if [10_DX c'=="K289"

}

tab peptic_ulcer
tab hiv_aids
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tab paralysis

tab liver disease

tab atrial fibrillation

gen coagulopathy=0

forvalues c=1/25 {

replace coagulopathy=1 if [10_ DX 'c¢'=="D684" | [10_DX'c'=="D685" | [10_DX'c¢'=="D6851" | [10_DX'c'=="D6852"
replace coagulopathy=1 if [10_DX'c¢'=="D6859" | [10_DX'c'=="D686" | [10_DX'c'=="D6861" | 110_DX'c'="D6862"
replace coagulopathy=1 if [10_ DX c'=="D6869" | 110_DX'c'=="D688" | I110_DX'c'=="D689" | [10_DX c'=="D69"
replace coagulopathy=1 if [10_DX'c¢'=="D690" | [10_ DX c¢'=="D691" | 110_DX'c'=="D692" | 110_DX c'=="D693"
replace coagulopathy=1 if [10_DX'c¢'=="D694" | [10_DX'c'=="D6941" | [10_DX'c¢'=="D6942" | [10_DX'c'=="D6949"
h

tab coagulopathy

gen dementia=0

forvalues c=1/25 {

replace dementia=1 if [10_DX'c¢'=="F02C" | [10_DX'c¢'=="F02C0" | [10_DX'c¢'=="F02C1" | 110_DX c'=="F02C11"
replace dementia=1 if [10_ DX c'=="F02C18" | 110 DX c'=="F02C2" | 110_DX c¢'=="F02C3" | [10_DX'c'=="F02C4"
replace dementia=1 if [10_DX'c¢'=="F03" | [10_DX'c¢'=="F039" | 110_DX'c¢'=="F0390" | [10_DX'c¢'=="F0391"
replace dementia=1 if [10_DX'c¢'=="F03911" | [10_DX'c'=="F03918" | I10_DX'c¢'=="F0392" | 110_DX'c'=="F0393"
replace dementia=1 if [10_DX'¢'=="F0394" | [10_DX'c¢'=="F03A" | [10_DX'c¢'=="F03A0" | [10_DX'c¢'=="F03A1"
replace dementia=1 if [10_ DX c'=="F03A11"

}

tab dementia

*****Charlson Comorbidity Index****

gen charlson_index =0

replace charlson_index = charlson_index + 2 if heart failure ==
replace charlson_index = charlson_index + 2 if hyperlipidemia ==
replace charlson_index = charlson_index + 2 if ischemic_cvd ==
replace charlson_index = charlson_index + 1 if atrial_fibrillation == 1
replace charlson_index = charlson_index + 1 if dementia == 1
replace charlson_index = charlson_index + 1 if copd ==

replace charlson_index = charlson_index + 1 if peptic_ulcer ==

107



replace charlson index = charlson_index + 1 if hypertension == 1
replace charlson_index = charlson_index + 2 if diabetes ==
replace charlson index = charlson index + 1 if paralysis == 1
replace charlson_index = charlson_index + 2 if ckd ==

replace charlson index = charlson index + 6 if solid cancer ==
replace charlson_index = charlson_index + 4 if liver disease ==
replace charlson index = charlson index + 6 if hiv_aids == 1
replace charlson_index = charlson_index + 1 if coagulopathy == 1

#%%%% Classification****

gen grpci =.

replace grpci = 0 if charlson_index == 0

replace grpci = 1 if inrange(charlson_index , 1, 2)
replace grpci =2 if charlson_index >=3

*******Table 1******

oneway AGE Quintile5Distressed, bonferroni tabulate

tabulate AGE2 Quintile5SDistressed, cell chi2 column expected row
tabulate FEMALE Quintile5Distressed, cell chi2 column expected row
tabulate RACE4 Quintile5Distressed, cell chi2 column expected row
tabulate Insurance Quintile5Distressed, cell chi2 column expected row
tabulate grpci QuintileSDistressed, cell chi2 column expected row

tabulate Obesity Class Quintile5SDistressed, cell chi2 column expected row
tabulate Urban QuintileSDistressed, cell chi2 column expected row

*******Table 2********

oneway AGE BS, bonferroni tabulate
tabulate AGE2 BS, cell chi2 column expected row
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tabulate QuintileSDistressed BS, cell chi2 column expected row
tabulate RACE4 BS, cell chi2 column expected row

tabulate Insurance BS, cell chi2 column expected row

tabulate grpci BS, cell chi2 column expected row

tabulate FEMALE BS, cell chi2 column expected row

tabulate Obesity Class BS, cell chi2 column expected row
tabulate Urban BS, cell chi2 column expected row

wkExk*ogistic Regression™****
*******Table 3*****

logit BS i.Quintile5Distressed i. AGE2 FEMALE i.RACE4 i.Insurance grpci Obesity Class i.Urban,or

***Interaction Term analysis****
***%* Table 4 & Figure 1%*%**

logit BS i.Quintile5Distressed##1.RACE4 i.AGE2 FEMALE i.Insurance grpci Obesity Class 1.Urban,or

*****margins****
margins, dydx(RACE4) at(Quintile5Distressed =(1 2 3 4 5)) post
marginsplot

wkEx*kSensitivity analysis®****

logit BS i.adi_category i. AGE2 FEMALE i1.RACE4 i.Insurance grpci Obesity Class i.Urban,or
logit BS i.adi_category##1.RACE4 i.AGE2 FEMALE 1i.Insurance grpci Obesity Class 1.Urban,or
margins, dydx(RACE4) at(adi_category=(1 2 3 4 5)) post

marginsplot
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Appendix D: STATA ANALYTCI DATA FOR PAPER 2

Study II
Patient Selection

gen AcuteCholecystitis = 0

forvalues c=1/25 {

replace AcuteCholecystitis = 1 if [10_ DX'c¢' == "K810" | [10_DX'¢' == "K8000" | [10_ DX ¢' == "K8001"
replace AcuteCholecystitis = 1 if [10_DX'¢'=="K812" | 110_DX'c¢'=="K9189" | 110_DX'c'=="T8189XA"
replace AcuteCholecystitis = 1 if [10_ DX'c¢' == "T8189XD" | [10_ DX c'=="T8189XS"

}

gen GI Leak =0

forvalues c=1/25 {

replace GI Leak =1 if 110 DX'c'=="K9189" | 110 DX'¢'=="T8131XA" | 110 DX'¢'=="T8131XD"
replace GI_Leak = 1if[10 DX'¢'=="T8131XS" | [10_DX'c'=="K912" | 110_DX'c' == "K913"

replace GI_Leak =1 if[10 DX'c¢'=="K914" | [10_DX'c'=="T8183XA" | 110_DX'c' == "T8183XD"
replace GI Leak =1if 10 DX'c'=="T8183XS"

}

gen GI_Stenosis =0

forvalues c=1/25 {

replace GI_Stenosis = 1 if [10_DX'¢' =="K9581" | [10_DX'c'=="K318" | 110_DX'c' == "K914"
replace GI_Stenosis = 1 if [10_ DX'c¢'=="K915" | 110_DX'c'=="T86890" | [10_DX'c' == "T86898"
replace GI_Stenosis = 1 if [10_DX'¢' =="K228" | 110_DX'c' == "K220" | [10_DX'c' == "Q390"

b

gen GI_Bleeding =0

forvalues c=1/25 {

replace GI_Bleeding =1 if [10_ DX'¢'=="K9221" | 110_DX'¢' == "K9222" | 110_DX'¢' == "K920"
replace GI_Bleeding =1 if[10_ DX'c¢'=="K921" | I10_DX'c' =="K228" | I10_DX'¢' == "K252"
replace GI_Bleeding =1 if [10_ DX'¢'=="K254" | [10_DX'c'=="K256" | 110 _DX'¢' == "K262"
replace GI_Bleeding = 1 if [10_ DX'¢'=="K264" | 110_DX'c' == "K266" | [10_DX'¢' == "K272"
replace GI_Bleeding =1 if 110 DX'¢'=="K274" | [10_DX'c'=="K276" | 110_DX'¢' == "K282"
replace GI_Bleeding = 1 if [10_ DX ¢'=="K284" | I10_DX'c' == "K286" | [10_DX'c¢' == "I850"
replace GI_Bleeding = 1 if [10_DX'c'=="1982" | 110_DX'c' == "D683" | [10_DX'c' == "D6831"
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replace GI_Bleeding =1 if 110 DX'c¢'=="D684" | [10_DX'c'=="K312" | 110 DX'¢'="T8101XA"
replace GI Bleeding =1 if 110 DX'c'=="T8101XD" | [10 DX c'=="T8101XS"

}

gen VTEL =0

forvalues c=1/25 {

replace VTEL = 1 if [10 DX'c¢'=="12601" | I10_DX'c' == "12602" | 110_DX'¢' == "12609"

replace VTE1 =1 if[10_DX'c'=="12690" | I110_DX'c'=="12699" | 110_DX'c¢' == "I801"

replace VTEL = 1 if [10_ DX'c¢'=="I802" |110 DX'c'=="I803" | [10_DX'c' == "I808"

replace VTE1 =1 if [10_DX'c'=="1809" | [10_DX'c'=="I822" | 110_DX'c' == "1823"

replace VTEL = 1 if [10 DX'c¢'=="1824" | 110 _DX'c'=="18240" | 110_DX'c' == "18249"

replace VTEL =1 if [10_ DX'c¢'=="I1825" | 110_DX'c'=="1828" | [10_DX'c' == "1829"

replace VTEL = 1 if [10_ DX'c¢'=="0223" | 110 _DX'¢'=="087" | 110_DX'¢' == "0O879"

replace VTEL =1 if 110 DX'c¢'=="7Z86718" | [10_ DX'c'=="T81718A" | 110_DX'c'=="T81718D"
replace VTEL =1 if [10_ DX'¢'=="T&81718S"

}

gen Ulcers =0

forvalues c=1/25 {

replace Ulcers = 1 if [10_DX'c¢'=="K250" | I10_DX'c'=="K251" | [10_DX'c¢' == "K252"
replace Ulcers = 1 if [10_DX'c¢' =="K253" | [10_DX'c' == "K254" | 110_DX'c' == "K255"
replace Ulcers = 1 if [10_DX'c¢'=="K256" | 110_DX'c' == "K257" | 110_DX'c' == "K259"
replace Ulcers = 1 if [10_DX'c¢' =="K260" | [10_DX'c'=="K261" | 110_DX'c' == "K262"
replace Ulcers = 1 if [10_DX'c¢'=="K263" | I10_DX'c' == "K264" | 110_DX'c' == "K265"
replace Ulcers = 1 if [10_DX'c¢' =="K266" | [10_DX'c' == "K267" | 110_DX'c' == "K269"
replace Ulcers = 1 if [10_DX'c¢'=="K270" | 110_DX'c' == "K271" | [10_DX'c¢' == "K272"
replace Ulcers = 1 if [10_DX'c¢'=="K273" | 110_DX'c'=="K274" | 110_DX'c' == "K275"
replace Ulcers = 1 if [10_DX'c¢'=="K276" | 110_DX'c' == "K277" | 110_DX'c' == "K279"
replace Ulcers = 1 if [10_DX'c¢' =="K280" | [10_DX'c'=="K281" | I10_DX'c' == "K282"
replace Ulcers = 1 if [10_DX'c¢'=="K283" | I10_DX'c' == "K284" | [10_DX'c' == "K285"
replace Ulcers = 1 if [10_DX'c¢' =="K286" | [10_DX'c'=="K287" | 110_DX'c' == "K289"
}

gen PouchStretch =0
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forvalues c=1/25 {

replace PouchStretch = 1 if [10_ DX'¢' == "K3184" | 110_DX'c' == "K3189" | 110_DX'c' == "K229"
replace PouchStretch = 1 if [10_ DX'¢'=="K220" | [10_DX'c'=="K221" | [10_DX'c' == "K228"
replace PouchStretch = 1 if [10_DX'¢'=="K919" | [10_DX'c' == "K923" | [10_DX'c¢' == "K928"

}

gen PersistentVomitingPain = 0

forvalues c=1/25 {

replace PersistentVomitingPain =1 if [10 DX'c¢'=="R1110" | 110 DX'¢'=="R1111"| 110 DX'c'=="R1112"
replace PersistentVomitingPain = 1 if [10_ DX ¢'=="K3181" | 110_DX'c'=="K3182" | [10_DX'c¢'=="K3183"
replace PersistentVomitingPain = 1 if [10_DX'c'=="K919" | [10_DX'¢'=="R1013" | [10_DX'c'=="R1014"
replace PersistentVomitingPain = 1 if [10_DX'c¢'=="R1084" | [10_DX'c'=="R1089" | 110_DX'c' == "K938"
}

*as#k%Short-Term Post-Operative Complication™***

gen complication Index =0

replace complication Index = complication Index + 1 if AcuteCholecystitis == 1
replace complication_Index = complication Index + 1 if GI Leak == 1

replace complication Index = complication Index + 1 if GI_Stenosis ==

replace complication Index = complication Index + 1 if GI_Bleeding ==
replace complication Index = complication Index + 1 if VTE1 ==

replace complication Index = complication Index + 1 if Ulcers ==

replace complication Index = complication Index + 1 if PouchStretch == 1
replace complication_Index = complication Index + 1 if PersistentVomitingPain == 1
replace complication Index = complication Index + 1 if DIED ==

*****Baseline Characteristics*****

oneway AGE CI if BS==1, bonferroni tabulate

tabulate AGE2 CI if BS==1, cell chi2 column expected row

tabulate Quintile5Distressed CI if BS==1, cell chi2 column expected row
tabulate RACE4 CI if BS==1, cell chi2 column expected row

tabulate Insurance CI if BS==1, cell chi2 column expected row
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tabulate grpci CI if BS==1, cell chi2 column expected row

tabulate FEMALE CI if BS==1, cell chi2 column expected row
tabulate Obesity Class CI if BS==1, cell chi2 column expected row
tabulate Urban CI if BS==1, cell chi2 column expected row

*******Table 2*****

tab CIb

tab VTEI

tab GI Leak

tab GI_Bleeding

FhEkkE*Logistic Regression™****

*******Table 3*****

logit CIb i.Quintile5Distressed .AGE2 FEMALE 1.RACE4 i.Insurance grpci Obesity Class 1.Urban if BS==1,or

logit VTE1 i.Quintile5SDistressed i.AGE2 FEMALE 1.RACE4 i.Insurance grpci Obesity Class i.Urban if BS==1,or

logit GI Leak 1.Quintile5Distressed . AGE2 FEMALE 1.RACE4 i.Insurance grpci Obesity Class i.Urban if BS==1,or
logit GI_Bleeding i.Quintile5Distressed i.AGE2 FEMALE i.RACE4 i.Insurance grpci Obesity Class i.Urban if BS==1,or

**%%*Interaction Term analysis****
******Table 4*****

logit CIb i.Quintile5Distressed##i1.RACE4 1. AGE2 FEMALE i.Insurance grpci Obesity Class i.Urban if BS==1,or

logit VTEI 1.Quintile5Distressed##1.RACE4 1.AGE2 FEMALE i.Insurance grpci Obesity Class i.Urban if BS==1,or

logit GI_ Leak 1.Quintile5Distressed##1.RACE4 i. AGE2 FEMALE i.Insurance grpci Obesity Class i.Urban if BS==1,or
logit GI_Bleeding 1.Quintile5Distressed##1.RACE4 1. AGE2 FEMALE i.Insurance grpci Obesity Class i.Urban if BS==1,or

****margins******

margins, dydx(RACE4) at(Quintile5Distressed =(1 2 3 4 5)) post
marginsplot
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whkE**Sensitivity analysis*****

logit CIb i.adi_category i. AGE2 FEMALE 1.RACE4 i.Insurance grpci Obesity Class i.Urban if BS==1,or

logit VTEI i.adi_category i.AGE2 FEMALE 1.RACE4 i.Insurance grpci Obesity Class i.Urban if BS==1,or

logit GI Leak i.adi_category i. AGE2 FEMALE i.RACE4 i.Insurance grpci Obesity Class i.Urban if BS==1,or
logit GI Bleeding i.adi_category i.AGE2 FEMALE 1.RACE4 i.Insurance grpci Obesity Class i.Urban if BS==1,or

wkkE**Interaction Term analysis****

logit CIb i.adi_category ##1.RACE4 i. AGE2 FEMALE i.Insurance grpci Obesity Class i.Urban if BS==1,or

logit VTEI i.adi_category ##1.RACE4 1.AGE2 FEMALE i.Insurance grpci Obesity Class i.Urban if BS==1,or

logit GI Leak i.adi_category ##1.RACE4 1. AGE2 FEMALE i.Insurance grpci Obesity Class i.Urban if BS==1,o0r
logit GI Bleeding i.adi_category ##1.RACE4 1. AGE2 FEMALE i.Insurance grpci Obesity Class i.Urban if BS==1,or

****margins****

margins, dydx(RACE4) at(adi_category=(1 2 3 4 5)) post
marginsplot
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Appendix E: STATA ANALYTICAL DATA FOR PAPER 3
Study III

Table 1

Fhkkdkkt*Baseline Characteristics™***

oneway AGE Quintile5Distressed if BS==1, bonferroni tabulate

tabulate AGE2 Quintile5SDistressed if BS==1, cell chi2 column expected row
tabulate FEMALE Quintile5Distressed if BS==1, cell chi2 column expected row
tabulate RACE4 Quintile5Distressed if BS==1, cell chi2 column expected row
tabulate Insurance Quintile5Distressed if BS==1, cell chi2 column expected row
tabulate grpci QuintileSDistressed if BS==1, cell chi2 column expected row

tabulate Obesity Class Quintile5Distressed if BS==1, cell chi2 column expected row
tabulate Urban Quintile5Distressed if BS==1, cell chi2 column expected row

FkxdkrdtUnivariate analysis: Outcomes™***
*****Table 2*****
tabulate READMIT Quintile5Distressed if BS==1, cell chi2 column expected row

*****Table 3*****
oneway LOS Quintile5Distressed if BS==1, bonferroni tabulate

*******Table 4******

logit READMIT i.Quintile5Distressed i.AGE2 FEMALE 1.RACE4 i.Insurance grpci Obesity Class i.Urban if BS==1,or

*******Table 5******

regress LOS 1.Quintile5Distressed . AGE2 FEMALE 1.RACE4 i.Insurance grpci Obesity Class i.Urban if BS==1

*#****Interaction Term analysis******
********Table 6*****

regress LOS 1.Quintile5Distressed##1.RACE4 1. AGE2 FEMALE i.Insurance grpci Obesity Class i.Urban if BS==1
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********Table 7******

logit READMIT i.Quintile5Distressed##1.RACE4 i. AGE2 FEMALE i.Insurance grpci Obesity Class i.Urban if BS==1,or

****margins******
margins, dydx(RACE4) at(Quintile5SDistressed =(1 2 3 4 5)) post
marginsplot

*kkk*kSensitivity analysis®****
logit READMIT i.adi_category i. AGE2 FEMALE 1.RACE4 i.Insurance grpci Obesity Class i.Urban if BS==1,or
regress LOS i.adi_category i.AGE2 FEMALE i.RACE4 i.Insurance grpci Obesity Class i.Urban if BS==

***Interaction Term analysis****

logit CIb i.adi_category ##1.RACE4 1. AGE2 FEMALE i.Insurance grpci Obesity Class i.Urban if BS==1,or

logit VTE]1 i.adi_category ##1.RACE4 i. AGE2 FEMALE i.Insurance grpci Obesity Class i.Urban if BS==1,or

logit GI Leak i.adi_category ##1.RACE4 1. AGE2 FEMALE i.Insurance grpci Obesity Class i.Urban if BS==1,or
logit GI Bleeding i.adi_category ##1.RACE4 1. AGE2 FEMALE i.Insurance grpci Obesity Class 1.Urban if BS==1,or

****margins****

margins, dydx(RACE4) at(adi_category=(1 2 3 4 5)) post
marginsplot

116



Bibliography

References:

1. Field AE, Coakley EH, Must A, et al. Impact of Overweight on the Risk of Developing
Common Chronic Diseases During a 10-Year Period. Archives of Internal Medicine.
2001;161(13):1581-1586. doi:10.1001/archinte.161.13.1581

2. Pi-Sunyer X. The medical risks of obesity. Postgrad Med. Nov 2009;121(6):21-33.
do0i:10.3810/pgm.2009.11.2074

3. Keramat SA, Alam K, Rana RH, et al. Obesity and the risk of developing chronic
diseases in middle-aged and older adults: Findings from an Australian longitudinal population
survey, 2009-2017. PLoS One. 2021;16(11):e0260158. doi:10.1371/journal.pone.0260158

4. Wang Y, Beydoun MA. The Obesity Epidemic in the United States—Gender, Age,
Socioeconomic, Racial/Ethnic, and Geographic Characteristics: A Systematic Review and Meta-
Regression Analysis. Epidemiologic Reviews. 2007;29(1):6-28. doi:10.1093/epirev/mxm007

5. Kranjac AW, Kranjac D. Explaining adult obesity, severe obesity, and BMI: Five decades
of change. Heliyon. May 2023;9(5):¢16210. doi:10.1016/j.heliyon.2023.e16210

6. Koliaki C, Dalamaga M, Liatis S. Update on the Obesity Epidemic: After the Sudden
Rise, Is the Upward Trajectory Beginning to Flatten? Current Obesity Reports. 2023/12/01
2023;12(4):514-527. doi:10.1007/s13679-023-00527-y

7. Mozaffarian D. Perspective: Obesity-an unexplained epidemic. Am J Clin Nutr. Jun 7
2022;115(6):1445-1450. doi:10.1093/ajcn/nqac075

8. Temple NJ. The Origins of the Obesity Epidemic in the USA-Lessons for Today.

Nutrients. Oct 12 2022;14(20)do1:10.3390/nu14204253

117



0. Flegal KM, Carroll MD, Ogden CL, Johnson CL. Prevalence and Trends in Obesity
Among US Adults, 1999-2000. JAMA. 2002;288(14):1723-1727. doi:10.1001/jama.288.14.1723
10. Ward ZJ, Bleich SN, Cradock AL, et al. Projected U.S. State-Level Prevalence of Adult
Obesity and Severe Obesity. New England Journal of Medicine. 2019;381(25):2440-2450.
doi:doi:10.1056/NEJMsa1909301

11. Abarca-Goémez L, Abdeen ZA, Hamid ZA, et al. Worldwide trends in body-mass index,
underweight, overweight, and obesity from 1975 to 2016: a pooled analysis of 2416 population-
based measurement studies in 128&#xb7;9 million children, adolescents, and adults. The Lancet.
2017;390(10113):2627-2642. doi:10.1016/S0140-6736(17)32129-3

12.  Faria GR. A brief history of bariatric surgery. Porto Biomed J. May-Jun 2017;2(3):90-92.
doi:10.1016/j.pbj.2017.01.008

13. Panagiotou OA, Markozannes G, Adam GP, et al. Comparative Effectiveness and Safety
of Bariatric Procedures in Medicare-Eligible Patients: A Systematic Review. JAMA Surgery.
2018;153(11):e183326-e183326. doi:10.1001/jamasurg.2018.3326

14. Carlsson LMS, Sjoholm K, Jacobson P, et al. Life Expectancy after Bariatric Surgery in
the Swedish Obese Subjects Study. New England Journal of Medicine. 2020;383(16):1535-1543.
doi:doi:10.1056/NEJMo0a2002449

15. Gloy VL, Briel M, Bhatt DL, et al. Bariatric surgery versus non-surgical treatment for
obesity: a systematic review and meta-analysis of randomised controlled trials. BMJ : British
Medical Journal. 2013;347:£5934. doi:10.1136/bmj.t5934

16. Chang S-H, Stoll CRT, Song J, Varela JE, Eagon CJ, Colditz GA. The Effectiveness and
Risks of Bariatric Surgery: An Updated Systematic Review and Meta-analysis, 2003-2012.

JAMA Surgery. 2014;149(3):275-287. doi:10.1001/jamasurg.2013.3654

118



17. Maciejewski ML, Arterburn DE, Van Scoyoc L, et al. Bariatric Surgery and Long-term
Durability of Weight Loss. JAMA Surg. Nov 1 2016;151(11):1046-1055.
doi:10.1001/jamasurg.2016.2317

18. Gloy VL, Briel M, Bhatt DL, et al. Bariatric surgery versus non-surgical treatment for
obesity: a systematic review and meta-analysis of randomised controlled trials. Bmj. Oct 22
2013;347:£5934. doi:10.1136/bm;j.f5934

19. Wood MH, Carlin AM, Ghaferi AA, et al. Association of Race With Bariatric Surgery
Outcomes. JAMA Surgery. 2019;154(5):€190029-e190029. doi:10.1001/jamasurg.2019.0029
20.  Jackson TD, Zhang R, Glockler D, et al. Health inequity in access to bariatric surgery: a
protocol for a systematic review. Systematic Reviews. 2014/02/21 2014;3(1):15.
doi:10.1186/2046-4053-3-15

21. Washington TB, Johnson VR, Kendrick K, et al. Disparities in Access and Quality of
Obesity Care. Gastroenterol Clin North Am. Jun 2023;52(2):429-441.
doi:10.1016/j.gtc.2023.02.003

22. Funk LM, Alagoz E, Murtha JA, et al. Socioeconomic disparities and bariatric surgery
outcomes: A qualitative analysis. The American Journal of Surgery. 2023/04/01/

2023;225(4):609-614. doi:https://doi.org/10.1016/j.amjsurg.2022.09.049

23.  Martin M, Beekley A, Kjorstad R, Sebesta J. Socioeconomic disparities in eligibility and
access to bariatric surgery: a national population-based analysis. Surg Obes Relat Dis. Jan-Feb
2010;6(1):8-15. doi:10.1016/j.s0ard.2009.07.003

24.  Memarian E, Sundquist K, Calling S, Sundquist J, Li X. Socioeconomic factors, body
mass index and bariatric surgery: a Swedish nationwide cohort study. BMC Public Health.

2019/03/04 2019;19(1):258. do1:10.1186/s12889-019-6585-8

119


https://doi.org/10.1016/j.amjsurg.2022.09.049

25. Masanam MK, Grossman DA, Neary J, Alimi YR. Disparities in the impact of access to
and outcomes of bariatric surgery among different ethnoracial and socioeconomic populations: a
narrative review of the literature. Annals of Laparoscopic and Endoscopic Surgery. 2023;8

26. Hanchate AD, Qi D, Paasche-Orlow MK, et al. Examination of Elective Bariatric Surgery
Rates Before and After US Affordable Care Act Medicaid Expansion. JAMA Health Forum.
2021;2(10):e213083-e213083. doi:10.1001/jamahealthforum.2021.3083

217. McCrum ML, Wan N, Han J, Lizotte SL, Horns JJ. Disparities in Spatial Access to
Emergency Surgical Services in the US. JAMA Health Forum. 2022;3(10):e223633-e223633.
doi:10.1001/jamahealthforum.2022.3633

28. Ibrahim KD, Tragesser LA, Soans R, et al. Impact of Racial Disparities in Preoperative
Cardiovascular Evaluation and Surgical Outcomes in Patients Undergoing Metabolic and
Bariatric Surgery: A Retrospective Cohort Analysis. J Am Heart Assoc. Jun 7
2022;11(11):e024499. doi:10.1161/jaha.121.024499

29. Nouri S, Lyles CR, Rubinsky AD, et al. Evaluation of Neighborhood Socioeconomic
Characteristics and Advance Care Planning Among Older Adults. JAMA Network Open.
2020;3(12):e2029063-e2029063. doi:10.1001/jamanetworkopen.2020.29063

30. Stulberg EL, Twardzik E, Kim S, et al. Association of Neighborhood Socioeconomic
Status With Outcomes in Patients Surviving Stroke. Neurology. May 25 2021;96(21):e2599-
€2610. doi:10.1212/wnl.0000000000011988

31. Kim Y, Twardzik E, Judd SE, Colabianchi N. Neighborhood Socioeconomic Status and
Stroke Incidence: A Systematic Review. Neurology. May 11 2021;96(19):897-907.

do0i:10.1212/wnl.0000000000011892

120



32. Ghirimoldi FM, Schmidt S, Simon RC, et al. Association of Socioeconomic Area
Deprivation Index with Hospital Readmissions After Colon and Rectal Surgery. J Gastrointest
Surg. Mar 2021;25(3):795-808. doi:10.1007/s11605-020-04754-9

33, Rali AS, Larson EE, Tran LE, et al. Area Deprivation Index and Distress Community
Index Scores Are Not Associated With Short-Term and Long-Term Extracorporeal Life Support
Outcomes. 4saio j. Jun 1 2023;69(6):583-587. doi:10.1097/mat.0000000000001888

34, Bilal U, Hill-Briggs F, Sanchez-Perruca L, Del Cura-Gonzélez I, Franco M. Association
of neighbourhood socioeconomic status and diabetes burden using electronic health records in
Madrid (Spain): the HeartHealthyHoods study. BM.J Open. 2018;8(9):¢021143.
doi:10.1136/bmjopen-2017-021143

35. Noppert GA, Clarke P, Stebbins RC, et al. The embodiment of the neighborhood
socioeconomic environment in the architecture of the immune system. PNAS Nexus.
2024;3(7)do1:10.1093/pnasnexus/pgae253

36. Diaz A, Lindau ST, Obeng-Gyasi S, Dimick JB, Scott JW, Ibrahim AM. Association of
Hospital Quality and Neighborhood Deprivation With Mortality After Inpatient Surgery Among
Medicare Beneficiaries. JAMA Network Open. 2023;6(1):€2253620-¢2253620.
doi:10.1001/jamanetworkopen.2022.53620

37. Vashist S, Dudeck BS, Sherfy B, Rosenthal GL, Chaves AH. Neighborhood
socioeconomic status and length of stay after congenital heart disease surgery. Original Research.
Frontiers in Pediatrics. 2023-July-18 2023;11d0i:10.3389/fped.2023.1167064

38.  Beckett MK, Martino SC, Agniel D, et al. Distinguishing neighborhood and individual
social risk factors in health care. Health Serv Res. Jun 2022;57(3):458-471. doi:10.1111/1475-

6773.13884

121



39, McMaughan DJ, Oloruntoba O, Smith ML. Socioeconomic Status and Access to
Healthcare: Interrelated Drivers for Healthy Aging. Front Public Health. 2020;8:231.
doi:10.3389/fpubh.2020.00231

40. Tong T, Maheswaran R, Michaels J, Brindley P, Walters S, Nawaz S. Socioeconomic
disparities in surgery for carotid artery disease in England. BJS Open.
2023;7(4)doi:10.1093/bjsopen/zrad056

41. Walton E, Ahmed A, Burton C, Mathers N. Influences of socioeconomic deprivation on
GPs' decisions to refer patients to cardiology: a qualitative study. Br J Gen Pract. Dec
2018;68(677):¢826-e834. doi:10.3399/bjgp18X699785

42. Labban M, Chen C-R, Frego N, et al. Disparities in Travel-Related Barriers to Accessing
Health Care From the 2017 National Household Travel Survey. JAMA Network Open.
2023;6(7):€2325291-2325291. doi:10.1001/jamanetworkopen.2023.25291

43, Wolfe MK, McDonald NC, Holmes GM. Transportation Barriers to Health Care in the
United States: Findings From the National Health Interview Survey, 1997-2017. Am J Public
Health. Jun 2020;110(6):815-822. doi:10.2105/ajph.2020.305579

44. Willer BL, Mpody C, Tobias JD, Nafiu OO. Association of Race and Family
Socioeconomic Status With Pediatric Postoperative Mortality. JAMA Network Open.
2022;5(3):€222989-¢222989. doi:10.1001/jamanetworkopen.2022.2989

45. Cain BT, Horns JJ, Huang LC, McCrum ML. Socioeconomic disadvantage is associated
with greater mortality after high-risk emergency general surgery. J Trauma Acute Care Surg. Apr

1 2022;92(4):691-700. doi:10.1097/ta.0000000000003517

122



46. Murtha JA, Venkatesh M, Liu N, et al. Association between neighborhood food
environments and bariatric surgery outcomes. Surg Obes Relat Dis. Dec 2022;18(12):1357-1364.
doi:10.1016/j.s0ard.2022.08.007

47. Kind AJ, Jencks S, Brock J, et al. Neighborhood socioeconomic disadvantage and 30-day
rehospitalization: a retrospective cohort study. Ann Intern Med. Dec 2 2014;161(11):765-74.
doi:10.7326/m13-2946

48. Sheets LR, Henderson Kelley LE, Scheitler-Ring K, et al. An index of geospatial
disadvantage predicts both obesity and unmeasured body weight. Prev Med Rep. Jun
2020;18:101067. doi:10.1016/j.pmedr.2020.101067

49.  Funk LM, Alagoz E, Murtha JA, et al. Socioeconomic disparities and bariatric surgery
outcomes: A qualitative analysis. Am J Surg. Apr 2023;225(4):609-614.
doi:10.1016/j.amjsurg.2022.09.049

50.  Kelsey Taylor. Pulling back the curtain on economic disparity with the Distressed

Communities Index. Accessed 10/27, 2024. https://stamen.com/pulling-back-the-curtain-on-

economic-disparity-with-the-distressed-communities-index/

51. Akinyemi OA, Omokhodion OV, Fasokun ME, et al. Exploring the Relationship Between
Community-Level Economic Deprivation and HIV Infection Among Hospital Admissions in
Washington, DC. Cureus. Apr 2023;15(4):€37236. doi:10.7759/cureus.37236

52. Schenck CS, Strand E, Smolderen KG, et al. Community distress and risk of adverse
outcomes after peripheral vascular intervention. J Vasc Surg. Jul 2023;78(1):166-174.€3.
doi:10.1016/j.jvs.2023.03.027

53.  Georgia Municipal Association EIG. Distressed Communities Index Maps the Country's

Economic Well-Being. Accessed 10/27, 2024. https://www.gacities.com/Resources/Reference-

123


https://stamen.com/pulling-back-the-curtain-on-economic-disparity-with-the-distressed-communities-index/
https://stamen.com/pulling-back-the-curtain-on-economic-disparity-with-the-distressed-communities-index/
https://www.gacities.com/Resources/Reference-Articles/Distressed-Communities-Index-Maps-the-Country-s-Ec.aspx?feed=93d3a9e3-258c-4a31-8540-e69641995743

Articles/Distressed-Communities-Index-Maps-the-Country-s-Ec.aspx?feed=93d3a9e3-258¢c-

4a31-8540-€69641995743

54. Rollings KA, Noppert GA, Griggs JJ, Melendez RA, Clarke PJ. Comparison of two area-
level socioeconomic deprivation indices: Implications for public health research, practice, and
policy. PLoS One. 2023;18(10):¢0292281. doi:10.1371/journal.pone.0292281

55.  ATSDR AfTSaDR. CDC/ATSDR Social Vulnerability Index (CDC/ATSDR SVI):

Overview. Accessed 10/27, 2024. https://www.atsdr.cdc.gov/placeandhealth/svi/index.html

56. Mehaftey JH, Hawkins RB, Charles EJ, et al. Socioeconomic "Distressed Communities
Index" Improves Surgical Risk-adjustment. Ann Surg. Mar 2020;271(3):470-474.
doi:10.1097/s1a.0000000000002997

57. Economic Innovation Group. About Us. Accessed 10/27, 2024. https://eig.org/about-us/

58. Charles EJ, Mehaffey JH, Hawkins RB, et al. Socioeconomic Distressed Communities
Index Predicts Risk-Adjusted Mortality After Cardiac Surgery. Ann Thorac Surg. Jun
2019;107(6):1706-1712. doi:10.1016/j.athoracsur.2018.12.022

59.  Evaluation of the Maryland All-Payer Model: Volume I: Final Report (2019).

60. Kilaru AS, Crider CR, Chiang J, Fassas E, Sapra KJ. Health Care Leaders’ Perspectives
on the Maryland All-Payer Model. JAMA Health Forum. 2022;3(2):e214920-e214920.
doi:10.1001/jamahealthforum.2021.4920

61.  Rosen BF. An HSCRC Primer, This is the first in a three-part series addressing

Maryland's unique Health Services Cost Review Commission. A version of this article was

published in the Maryland Bar Journal. Accessed 10/27, 2024. https://www.gfrlaw.com/what-we-

do/insights/hscrc-primer

124


https://www.gacities.com/Resources/Reference-Articles/Distressed-Communities-Index-Maps-the-Country-s-Ec.aspx?feed=93d3a9e3-258c-4a31-8540-e69641995743
https://www.gacities.com/Resources/Reference-Articles/Distressed-Communities-Index-Maps-the-Country-s-Ec.aspx?feed=93d3a9e3-258c-4a31-8540-e69641995743
https://www.atsdr.cdc.gov/placeandhealth/svi/index.html
https://eig.org/about-us/
https://www.gfrlaw.com/what-we-do/insights/hscrc-primer
https://www.gfrlaw.com/what-we-do/insights/hscrc-primer

62. CMS.gov CfIMMS. Maryland Total Cost of Care Model. Accessed 10/27, 2024.

https://www.cms.gov/priorities/innovation/innovation-models/md-tccm

63. Khera R, Angraal S, Couch T, et al. Adherence to Methodological Standards in Research
Using the National Inpatient Sample. Jama. Nov 28 2017;318(20):2011-2018.
doi:10.1001/jama.2017.17653

64. O'Kane M, Agrawal S, Binder L, et al. An Equity Agenda for the Field of Health Care
Quality Improvement. NAM Perspect. 2021;2021d0o1:10.31478/202109b

65. Pengid S, Peltzer K, de Moura Villela EF, et al. Using Andersen’s model of health care
utilization to assess factors associated with COVID-19 testing among adults in nine low-and
middle-income countries: an online survey. BMC Health Services Research. 2022/02/28
2022;22(1):265. doi:10.1186/s12913-022-07661-8

66. Lederle M, Tempes J, Bitzer EM. Application of Andersen’s behavioural model of health
services use: a scoping review with a focus on qualitative health services research. BMJ Open.
2021;11(5):e045018. doi:10.1136/bmjopen-2020-045018

67. Krzyz EZ, Antunez Martinez OF, Lin HR. Uses of Andersen health services utilization
framework to determine healthcare utilization for mental health among migrants-a scoping
review. Front Public Health. 2023;11:1284784. doi:10.3389/fpubh.2023.1284784

68. Wagner J, Zanker N, Duprée A, Mann O, Izbicki J, Wolter S. Higher Socioeconomic
Status is Associated with Improved Outcomes After Obesity Surgery Among Women in
Germany. World Journal of Surgery.2021/11/01 2021;45(11):3330-3340. doi:10.1007/s00268-

021-06252-8

125


https://www.cms.gov/priorities/innovation/innovation-models/md-tccm

69. Wagner J, Zanker N, Duprée A, Mann O, Izbicki J, Wolter S. Higher Socioeconomic
Status is Associated with Improved Outcomes After Obesity Surgery Among Women in
Germany. World J Surg. Nov 2021;45(11):3330-3340. doi:10.1007/s00268-021-06252-8

70. CDC NCT{HS. Obesity and Overweight. Accessed 10/27, 2024.

https://www.cdc.gov/nchs/fastats/obesity-overweight.htm

71. Artham SM, Lavie CJ, Milani RV, Ventura HO. Obesity and hypertension, heart failure,
and coronary heart disease-risk factor, paradox, and recommendations for weight loss. Ochsner
J. Fall 2009;9(3):124-32.

72. Dettoni R, Bahamondes C, Yevenes C, Cespedes C, Espinosa J. The effect of obesity on
chronic diseases in USA: a flexible copula approach. Scientific Reports. 2023/02/01
2023;13(1):1831. doi:10.1038/s41598-023-28920-6

73. Cawley J, Biener A, Meyerhoefer C, et al. Direct medical costs of obesity in the United
States and the most populous states. J Manag Care Spec Pharm. Mar 2021;27(3):354-366.
doi:10.18553/jmcp.2021.20410

74.  GlobalData. US businesses and employees face staggering $425.5 billion in economic
costs from obesity and overweight in 2023, reveals GlobalData. Accessed 10/27, 2024.

https://www.globaldata.com/media/healthcare/us-businesses-employees-face-staggering-425-5-

billion-economic-costs-obesity-overweight-2023-reveals-globaldata/

75. Stierman B, Afful J, Carroll MD, et al. National Health and Nutrition Examination
Survey 2017-March 2020 Prepandemic Data Files-Development of Files and Prevalence
Estimates for Selected Health Outcomes. Natl Health Stat Report. Jun 14

2021;(158)do1:10.15620/cdc:106273

126


https://www.cdc.gov/nchs/fastats/obesity-overweight.htm
https://www.globaldata.com/media/healthcare/us-businesses-employees-face-staggering-425-5-billion-economic-costs-obesity-overweight-2023-reveals-globaldata/
https://www.globaldata.com/media/healthcare/us-businesses-employees-face-staggering-425-5-billion-economic-costs-obesity-overweight-2023-reveals-globaldata/

76. Flegal KM, Carroll MD, Ogden CL, Johnson CL. Prevalence and trends in obesity among
US adults, 1999-2000. Jama. Oct 9 2002;288(14):1723-7. doi:10.1001/jama.288.14.1723

77. Ward ZJ, Bleich SN, Long MW, Gortmaker SL. Association of body mass index with
health care expenditures in the United States by age and sex. PLoS One. 2021;16(3):¢0247307.
doi:10.1371/journal.pone.0247307

78. Jin X, Qiu T, Li L, et al. Pathophysiology of obesity and its associated diseases. Acta
Pharm Sin B. Jun 2023;13(6):2403-2424. doi:10.1016/j.apsb.2023.01.012

79. Kitahara CM, Flint AJ, Berrington de Gonzalez A, et al. Association between class III
obesity (BMI of 40-59 kg/m2) and mortality: a pooled analysis of 20 prospective studies. PLoS
Med. Jul 2014;11(7):e1001673. doi:10.1371/journal.pmed.1001673

80. Goettler A, Grosse A, Sonntag D. Productivity loss due to overweight and obesity: a
systematic review of indirect costs. BM.J Open. Oct 5 2017;7(10):e014632.
doi:10.1136/bmjopen-2016-014632

81. Aderinto N, Olatunji G, Kokori E, Olaniyi P, Isarinade T, Yusuf [A. Recent advances in
bariatric surgery: a narrative review of weight loss procedures. Ann Med Surg (Lond). Dec
2023;85(12):6091-6104. doi:10.1097/ms9.0000000000001472

82.  Wolfe BM, Kvach E, Eckel RH. Treatment of Obesity: Weight Loss and Bariatric
Surgery. Circ Res. May 27 2016;118(11):1844-55. doi:10.1161/circresaha.116.307591

83. Eisenberg D, Shikora SA, Aarts E, et al. 2022 American Society of Metabolic and
Bariatric Surgery (ASMBS) and International Federation for the Surgery of Obesity and
Metabolic Disorders (IFSO) Indications for Metabolic and Bariatric Surgery. Obes Surg. Jan

2023;33(1):3-14. do1:10.1007/511695-022-06332-1

127



84. Hecht LM, Pester B, Braciszewski JM, et al. Socioeconomic and Racial Disparities in
Bariatric Surgery. Obes Surg. Jun 2020;30(6):2445-2449. doi:10.1007/s11695-020-04394-7

85. Chen C, Weider K, Konopka K, Danis M. Incorporation of socioeconomic status
indicators into policies for the meaningful use of electronic health records. J Health Care Poor
Underserved. Feb 2014;25(1):1-16. doi:10.1353/hpu.2014.0040

86. Steenland K, Henley J, Calle E, Thun M. Individual- and area-level socioeconomic status
variables as predictors of mortality in a cohort of 179,383 persons. Am J Epidemiol. Jun 1
2004;159(11):1047-56. doi:10.1093/aje/kwh129

87. Diaz A, Lindau ST, Obeng-Gyasi S, Dimick JB, Scott JW, Ibrahim AM. Association of
Hospital Quality and Neighborhood Deprivation With Mortality After Inpatient Surgery Among
Medicare Beneficiaries. JAMA Netw Open. Jan 3 2023;6(1):€2253620.
doi:10.1001/jamanetworkopen.2022.53620

88. Mathew A, Doorenbos AZ, Li H, Jang MK, Park CG, Bronas UG. Allostatic Load in
Cancer: A Systematic Review and Mini Meta-Analysis. Biol Res Nurs. Jul 2021;23(3):341-361.
doi:10.1177/1099800420969898

89.  Powell WR, Anne M. Sheehy, and Amy J. H. Kind. The Area Deprivation Index Is The

Most Scientifically Validated Social Exposome Tool Available For Policies Advancing Health

Equity. Accessed 10/27, 2024. https://doi.org/10.1377/forefront.20230714.676093
90.  Mortensen K, Perman C, Chen J. Innovative Payment Mechanisms in Maryland
Hospitals: An Empirical Analysis of Readmissions under Total Patient Revenue. Healthc (Amst).

Sep 12014;2(3):177-183. do0i:10.1016/j.hjds1.2014.03.002

128


https://doi.org/10.1377/forefront.20230714.676093

91. Luli M, Yeo G, Farrell E, et al. The implications of defining obesity as a disease: a report
from the Association for the Study of Obesity 2021 annual conference. eClinicalMedicine.
2023;58d0i:10.1016/j.eclinm.2023.101962

92. Hurt RT, Kulisek C, Buchanan LA, McClave SA. The obesity epidemic: challenges,
health initiatives, and implications for gastroenterologists. Gastroenterol Hepatol (N Y). Dec
2010;6(12):780-92.

93. The Lancet D, amp, Endocrinology. Bariatric surgery: why only a last resort? The Lancet
Diabetes & Endocrinology. 2014;2(2):91. doi:10.1016/S2213-8587(14)70020-8

94.  Marin R-C, Radu A-F, Negru PA, et al. Integrated Insights into Metabolic and Bariatric
Surgery: Improving Life Quality and Reducing Mortality in Obesity. Medicina. 2025;61(1):14.
95. Bhavsar NA, Gao A, Phelan M, Pagidipati NJ, Goldstein BA. Value of Neighborhood
Socioeconomic Status in Predicting Risk of Outcomes in Studies That Use Electronic Health
Record Data. JAMA Netw Open. Sep 7 2018;1(5):e182716.
doi:10.1001/jamanetworkopen.2018.2716

96. Gulati I, Kilian C, Buckley C, Mulia N, Probst C. Socioeconomic disparities in healthcare
access and implications for all-cause mortality among US adults: a 2000-2019 record linkage
study. American Journal of Epidemiology. 2024;do1:10.1093/aje/kwae202

97.  Akinyemi O, Fasokun M, Odusanya E, et al. The relationship between neighborhood
economic deprivation and community-acquired pneumonia related admissions in Maryland.
Front Public Health. 2024;12:1412671. doi:10.3389/fpubh.2024.1412671

98. Mehaftey JH, Hawkins RB, Charles EJ, et al. Distressed communities are associated with
worse outcomes after coronary artery bypass surgery. The Journal of Thoracic and

Cardiovascular Surgery. 2020;160(2):425-432.€9. doi:10.1016/].jtcvs.2019.06.104

129



99, Chakravarti S, Kuo CC, Oak A, et al. The Socioeconomic Distressed Communities Index
Predicts 90-Day Mortality Among Intracranial Tumor Patients. World Neurosurgery. 2024/06/01/

2024;186:e552-e565. doi:https://doi.org/10.1016/].wneu.2024.03.173

100. Khattab MA, Mohammed ATA, Alqahtani AZM, et al. The Role of Ethnic Disparities in
the Outcomes of Bariatric Surgery: A Systematic Review and Meta-Analysis. Cureus. May
2022;14(5):€24743. doi:10.7759/cureus.24743

101.  Azin A, Hirpara DH, Doshi S, Chesney TR, Quereshy FA, Chadi SA. Racial Disparities
in Surgery: A Cross-Specialty Matched Comparison Between Black and White Patients. Annals
of Surgery Open. 2020;1(2)

102. Best MJ, McFarland EG, Thakkar SC, Srikumaran U. Racial Disparities in the Use of
Surgical Procedures in the US. JAMA Surg. Mar 1 2021;156(3):274-281.
doi:10.1001/jamasurg.2020.6257

103. Gasoyan H, Soans R, Ibrahim JK, Aaronson WE, Sarwer DB. Do Insurance-mandated
Precertification Criteria and Insurance Plan Type Determine the Utilization of Bariatric Surgery
Among Individuals With Private Insurance? Med Care. Nov 2020;58(11):952-957.
doi:10.1097/mlr.0000000000001358

104. ASMBS ASfMaBS. Bariatric Surgery and Insurance Coverage. ASMBS, American
Society for Methabolic and Bariatric Surgery,. Accessed 3/22, 2025.

https://asmbs.org/resources/access-to-care-fact-sheet/

105. Loralee Kapp. Challenges and Key Steps in Bariatric Surgery Insurance Verification.

Accessed 3/22, 2025. https://www.outsourcestrategies.com/blog/challenges-key-steps-bariatric-

surgery-insurance-verification/

130


https://doi.org/10.1016/j.wneu.2024.03.173
https://asmbs.org/resources/access-to-care-fact-sheet/
https://www.outsourcestrategies.com/blog/challenges-key-steps-bariatric-surgery-insurance-verification/
https://www.outsourcestrategies.com/blog/challenges-key-steps-bariatric-surgery-insurance-verification/

106. NEVADA Surgical. How Much Does Bariatric Surgery Cost? NEVADA Surgical,.

Accessed 3/22, 2025. https://nevadasurgical.com/bariatric-surgery/how-much-does-bariatric-

surgery-cost/

107. Continued Medicare Reimbursement Declines Could Threaten Access to Physicians.
Harvey L. Neiman, Health Policy Institute,; 2024. Accessed 3/22/2025.

https://www.neimanhpi.org/press-releases/continued-medicare-reimbursement-declines-could-

threaten-access-to-physicians/

108. Zhong A, Bajaj SS, Khunte M, Dang N, Stanford FC. Trends in Metabolic and Bariatric
Surgery Reimbursement in the USA. Obes Surg. Dec 2022;32(12):4110-4112.
doi:10.1007/s11695-022-06329-w

109.  World Population Review. Obesity Rate by State 2025. Accessed 3/22, 2025.

https://worldpopulationreview.com/state-rankings/obesity-rate-by-state

110. Ed Susman. Nearly a Five-Fold Difference Between States in Use of Bariatric Surgery.

Accessed 3/22, 2025. https://www.medpagetoday.com/meetingcoverage/asmbs/93076

111.  Agency for Healthcare Research and Quality. SID Database Documentation. Healthcare
Cost and Utilization Project (HCUP). January 2025. . Agency for Healthcare Research and
Quality, Rockville, MD; 2025.

112.  EIG Distressed Communities Index. Distressed Communities Index (DCI).

113. Karaca-Mandic P, Norton EC, Dowd B. Interaction terms in nonlinear models. Health
Serv Res. Feb 2012;47(1 Pt 1):255-74. doi:10.1111/j.1475-6773.2011.01314.x

114.  Dow WH, Norton EC, Donahoe JT. Stata tip 134: Multiplicative and marginal interaction
effects in nonlinear models. The Stata Journal. 2019;19(4):1015-1020.

doi:10.1177/1536867x19893644

131


https://nevadasurgical.com/bariatric-surgery/how-much-does-bariatric-surgery-cost/
https://nevadasurgical.com/bariatric-surgery/how-much-does-bariatric-surgery-cost/
https://www.neimanhpi.org/press-releases/continued-medicare-reimbursement-declines-could-threaten-access-to-physicians/
https://www.neimanhpi.org/press-releases/continued-medicare-reimbursement-declines-could-threaten-access-to-physicians/
https://worldpopulationreview.com/state-rankings/obesity-rate-by-state
https://www.medpagetoday.com/meetingcoverage/asmbs/93076

115. Lin JA, Braun HJ, Schwab ME, Pierce L, Sosa JA, Wick EC. Pandemic Recovery:
Persistent Disparities in Access to Elective Surgical Procedures. Ann Surg. Jan 1 2023;277(1):57-
65. doi:10.1097/s1a.0000000000004848

116. Lisa MK, Tanya Z, Lillian SK, et al. Quality care is equitable care: a call to action to link
quality to achieving health equity within acute care surgery. Trauma Surgery & Acute Care
Open. 2023;8(1):¢001098. doi:10.1136/tsaco-2023-001098

117.  De Oliveira GS, Jr., McCarthy RJ, Wolf MS, Holl J. The impact of health literacy in the
care of surgical patients: a qualitative systematic review. BMC Surg. Jul 17 2015;15:86.
doi:10.1186/s12893-015-0073-6

118.  Patrick WL, Bojko M, Han JJ, et al. Neighborhood socioeconomic status is associated
with differences in operative management and long-term survival after coronary artery bypass
grafting. J Thorac Cardiovasc Surg. Jul 2022;164(1):92-102.e8. doi:10.1016/j.jtcvs.2020.08.024
119. CMS.gov CfIMMS. Maryland All-Payer Model. CMS.gov, Centers for Medicare &

Medicaid Services,. Accessed 3/13, 2025. https://www.cms.gov/priorities/innovation/innovation-

models/maryland-all-payer-model

120.  Douglas Holtz-Eakin AS. The National Implications of Maryland’s All-Payer System.
American Action Forum. Accessed 3/13, 2025.

https://www.americanactionforum.org/research/the-national-implications-of-marylands-all-

payer-system/

121.  Sheka AC, Kizy S, Wirth K, Grams J, Leslie D, Ikramuddin S. Racial disparities in
perioperative outcomes after bariatric surgery. Surg Obes Relat Dis. May 2019;15(5):786-793.

doi:10.1016/j.s0ard.2018.12.021

132


https://www.cms.gov/priorities/innovation/innovation-models/maryland-all-payer-model
https://www.cms.gov/priorities/innovation/innovation-models/maryland-all-payer-model
https://www.americanactionforum.org/research/the-national-implications-of-marylands-all-payer-system/
https://www.americanactionforum.org/research/the-national-implications-of-marylands-all-payer-system/

122.  Welsh LK, Luhrs AR, Davalos G, et al. Racial Disparities in Bariatric Surgery
Complications and Mortality Using the MBSAQIP Data Registry. Obes Surg. Aug
2020;30(8):3099-3110. doi:10.1007/s11695-020-04657-3

123.  Daniel B. Jones BEF. Equity in Bariatric Surgery: Access and Outcomes. Bariatric Times.
2018;

124.  Lofton H, Ard JD, Hunt RR, Knight MG. Obesity among African American people in the
United States: A review. Obesity (Silver Spring). Feb 2023;31(2):306-315.
doi:10.1002/0by.23640

125. Okobi OE, Beeko PKA, Nikravesh E, et al. Trends in Obesity-Related Mortality and
Racial Disparities. Cureus. Jul 2023;15(7):e41432. doi:10.7759/cureus.41432

126.  Smith ED, Layden BT, Hassan C, Sanchez-Johnsen L. Surgical Treatment of Obesity in
Latinos and African Americans: Future Directions and Recommendations to Reduce Disparities
in Bariatric Surgery. Bariatr Surg Pract Patient Care. Mar 1 2018;13(1):2-11.
doi:10.1089/bari.2017.0037

127.  Careful. Overcoming language and cultural barriers in healthcare communication.

Accessed 3/22, 2025. https://careful.online/overcoming-language-and-cultural-barriers-in-

healthcare-communication/

128.  KFF. Key Facts on Health Coverage of Immigrants. Accessed 3/22, 2025.

https://www.kff.org/racial-equity-and-health-policy/fact-sheet/key-facts-on-health-coverage-of-

immigrants/

129. Peng B, Ling L. Health service behaviors of migrants: A conceptual framework.
Hypothesis and Theory. Frontiers in Public Health. 2023-April-14

2023;11d01:10.3389/fpubh.2023.1043135

133


https://careful.online/overcoming-language-and-cultural-barriers-in-healthcare-communication/
https://careful.online/overcoming-language-and-cultural-barriers-in-healthcare-communication/
https://www.kff.org/racial-equity-and-health-policy/fact-sheet/key-facts-on-health-coverage-of-immigrants/
https://www.kff.org/racial-equity-and-health-policy/fact-sheet/key-facts-on-health-coverage-of-immigrants/

130. Li X, Deng L, Yang H, Wang H. Effect of socioeconomic status on the healthcare-seeking
behavior of migrant workers in China. PLOS ONE. 2020;15(8):€0237867.
doi:10.1371/journal.pone.0237867

131. Javed Z, Haisum Magsood M, Yahya T, et al. Race, Racism, and Cardiovascular Health:
Applying a Social Determinants of Health Framework to Racial/Ethnic Disparities in
Cardiovascular Disease. Circulation: Cardiovascular Quality and Outcomes.
2022;15(1):¢007917. doi:doi:10.1161/CIRCOUTCOMES.121.007917

132.  Yearby R, Clark B, Figueroa JF. Structural Racism In Historical And Modern US Health
Care Policy. Health Affairs. 2022;41(2):187-194. doi:10.1377/hlthaff.2021.01466

133.  Poghosyan L, Liu J, Chen JL, et al. Racial disparities in hospitalization and neighborhood
deprivation among Medicare beneficiaries. Health Aff Sch. Feb 2025;3(2):qxaf010.
doi:10.1093/haschl/qxaf010

134.  Bhatt J, Bathija P. Ensuring Access to Quality Health Care in Vulnerable Communities.
Acad Med. Sep 2018;93(9):1271-1275. doi:10.1097/acm.0000000000002254

135.  CDC O. Adult Obesity Facts. Accessed 2/26, 2025. https://www.cdc.gov/obesity/adult-

obesity-facts/index.html

136. Powell-Wiley TM, Poirier P, Burke LE, et al. Obesity and Cardiovascular Disease: A
Scientific Statement From the American Heart Association. Circulation. May 25
2021;143(21):€984-e1010. doi:10.1161/cir.0000000000000973

137.  GlobalData. US businesses and employees face staggering $425.5 billion in economic
costs from obesity and overweight in 2023, reveals GlobalData. GlobalData. Accessed 1/27,

2025. https://www.globaldata.com/media/healthcare/us-businesses-employees-face-staggering-

425-5-billion-economic-costs-obesity-overweight-2023-reveals-globaldata/

134


https://www.cdc.gov/obesity/adult-obesity-facts/index.html
https://www.cdc.gov/obesity/adult-obesity-facts/index.html
https://www.globaldata.com/media/healthcare/us-businesses-employees-face-staggering-425-5-billion-economic-costs-obesity-overweight-2023-reveals-globaldata/
https://www.globaldata.com/media/healthcare/us-businesses-employees-face-staggering-425-5-billion-economic-costs-obesity-overweight-2023-reveals-globaldata/

138. Ram Sohan P, Mahakalkar C, Kshirsagar S, et al. Long-Term Effectiveness and
Outcomes of Bariatric Surgery: A Comprehensive Review of Current Evidence and Emerging
Trends. Cureus. Aug 2024;16(8):¢66500. doi:10.7759/cureus.66500

139.  Courcoulas AP, Yanovski SZ, Bonds D, et al. Long-term outcomes of bariatric surgery: a
National Institutes of Health symposium. JAMA Surg. Dec 2014;149(12):1323-9.
doi:10.1001/jamasurg.2014.2440

140. Lee WIJ, Almalki O. Recent advancements in bariatric/metabolic surgery. Ann
Gastroenterol Surg. Sep 2017;1(3):171-179. doi:10.1002/ags3.12030

141.  Alsuhibani A, Thompson JR, Wigle PR, et al. Metabolic and Bariatric Surgery Utilization
Trends in the United States: Evidence From 2012 to 2021 National Electronic Medical Records
Network. Ann Surg Open. Dec 2023;4(4):e317. doi:10.1097/as9.0000000000000317

142. Alalwan AA, Friedman J, Park H, Segal R, Brumback BA, Hartzema AG. US national
trends in bariatric surgery: A decade of study. Surgery. Jul 2021;170(1):13-17.
doi:10.1016/j.surg.2021.02.002

143.  Davey MG, Donlon NE, Fearon NM, Heneghan HM, Conneely JB. Evaluating the
Impact of Enhanced Recovery After Surgery Protocols on Surgical Outcomes Following
Bariatric Surgery-A Systematic Review and Meta-analysis of Randomised Clinical Trials. Obes
Surg. Mar 2024;34(3):778-789. do0i:10.1007/s11695-024-07072-0

144.  Gulinac M, Miteva DG, Peshevska-Sekulovska M, et al. Long-term effectiveness,
outcomes and complications of bariatric surgery. World J Clin Cases. Jul 6 2023;11(19):4504-
4512. doi:10.12998/wjcc.v11.119.4504

145. Lim R, Beekley A, Johnson DC, Davis KA. Early and late complications of bariatric

operation. Trauma Surg Acute Care Open. 2018;3(1):€000219. doi:10.1136/tsaco-2018-000219

135



146. Dorman RB, Miller CJ, Leslie DB, et al. Risk for Hospital Readmission following
Bariatric Surgery. PLOS ONE. 2012;7(3):€32506. doi:10.1371/journal.pone.0032506

147. Daigle CR, Brethauer SA, Tu C, et al. Which postoperative complications matter most
after bariatric surgery? Prioritizing quality improvement efforts to improve national outcomes.
Surg Obes Relat Dis. May 2018;14(5):652-657. doi:10.1016/j.s0ard.2018.01.008

148. Haidar S, Vazquez R, Medic G. Impact of surgical complications on hospital costs and
revenues: retrospective database study of Medicare claims. Journal of Comparative Effectiveness
Research. 2023;12(7):¢230080. doi:doi:10.57264/cer-2023-0080

149. Miras AD, le Roux CW. Can medical therapy mimic the clinical efficacy or physiological
effects of bariatric surgery? International Journal of Obesity. 2014/03/01 2014;38(3):325-333.
doi:10.1038/ij0.2013.205

150. Chang SH, Freeman NLB, Lee JA, et al. Early major complications after bariatric surgery
in the USA, 2003-2014: a systematic review and meta-analysis. Obes Rev. Apr 2018;19(4):529-
537. doi:10.1111/0br.12647

151.  Mizera M, Wysocki M, Waledziak M, et al. The impact of severe postoperative
complications on outcomes of bariatric surgery-multicenter case-matched study. Surg Obes Relat
Dis. Jan 2022;18(1):53-60. doi:10.1016/j.s0ard.2021.09.022

152. Marshall JS, Srivastava A, Gupta SK, Rossi TR, DeBord JR. Roux-en-Y Gastric Bypass
Leak Complications. Archives of Surgery. 2003;138(5):520-524. doi:10.1001/archsurg.138.5.520
153. Silva AFd, Mendes KDS, Ribeiro VDS, Galvao CM. Risk factors for the development of
surgical site infection in bariatric surgery: an integrative review of literature. Revista latino-

americana de enfermagem. 2