
Health Care Variation and Its

Determinants: Studies on Physician

Quality, Cancer Screening, and

Cardiovascular Care

Citation
Wang, Annabel.  2024.  Health Care Variation and Its Determinants: Studies on Physician
Quality, Cancer Screening, and Cardiovascular Care.  Doctoral dissertation, Harvard
University Graduate School of Arts and Sciences.

Link
https://nrs.harvard.edu/URN-3:HUL.INSTREPOS:37377903

Terms of use
This article was downloaded from Harvard University’s DASH repository, and is made
available under the terms and conditions applicable to Other Posted Material (LAA), as set
forth at
https://harvardwiki.atlassian.net/wiki/external/NGY5NDE4ZjgzNTc5NDQzMGIzZWZhMGFlOWI2M2EwYTg

Accessibility
https://accessibility.huit.harvard.edu/digital-accessibility-policy

Share Your Story
The Harvard community has made this article openly available.
Please share how this access benefits you. Submit a story

https://dash.harvard.edu/submit-story?publicationId=a918d322-0540-4f0f-9a05-66f80e96aa52




 

 

 

Title Page 

Health Care Variation and Its Determinants: 

Studies on Physician Quality, Cancer Screening, and Cardiovascular Care 

 

A dissertation presented 

by 

Annabel Zishuo Wang 

to 

The Committee on Higher Degrees in Health Policy 

in partial fulfillment of the requirements 
for the degree of 

Doctor of Philosophy 
in the subject of 
Health Policy 

Harvard University 
Cambridge, Massachusetts 

 

September 15, 2023 

 

 

 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Copyright 

 
© 2023 – Annabel Zishuo Wang 

All rights reserved. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



 iii 

Dissertation Advisor: J. Michael McWilliams, M.D, Ph.D.   Annabel Zishuo Wang 

 

Health Care Variation and Its Determinants: Studies on Physician Quality, Cancer 

Screening, and Cardiovascular Care 

 

Abstract 

Health outcomes depend on health care quality and utilization, which vary widely across 

patient populations and geographic areas. This variation reflects the influence of many factors, 

including physician quality, patient characteristics, and health system design. This dissertation 

investigates drivers of variation in health care utilization and quality, with a focus on physician 

decision-making and patient outcomes. Through insights into key determinants of quality and 

utilization of health care, this dissertation highlights the need for systems-level interventions to 

improve the care delivered to all populations. 

The first chapter (with J. Michael McWilliams and Michael E. Chernew) examines the 

distribution of new physician quality across the United States, as measured by senior physicians’ 

evaluations, and how it relates to the characteristics of the patient populations and geographic 

areas physicians serve. I use a novel dataset linking Accreditation Council of Graduate Medical 

Education (ACGME) Milestone scores as measures of physicians’ skill and proficiency to data 

on area and practice characteristics. I find a systematic trend of lower quality new physicians 

practicing in locations with historically underserved populations. However, the magnitudes of 

these trends are moderate to weak in context of the wide variation in area characteristics across 

the United States. Findings thus portray a mixed picture of the national distribution of new 

physician quality – indicating both a need to address factors that influence practice location 
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choice, but also revealing a lack of extreme disparities in the quality of new physicians across 

different areas and populations. 

The second chapter (with Jessica L. Cohen and Michael L. Barnett) investigates how 

primary care physicians’ exposure to new cancer diagnoses among their patients influences their 

screening behavior for other patients, using a quasi-experimental study design and all-payer 

insurance claims data. Although screenings for breast and colorectal cancer are widely 

recommended, patient screening rates vary greatly and remain below public health targets. 

Physicians’ counseling and referrals play critical roles in patients’ use of cancer screenings. 

Recent adverse events may influence physician decision-making, but it remains unknown 

whether cancer screening rates of physicians’ patients change after physicians are exposed to 

new cancer diagnoses. Using stacked difference-in-differences analyses, I find rapid and 

sustained increases in cancer screening rates for patients visiting primary care physicians who 

were recently exposed to new cancer diagnoses, for both breast cancer and colorectal cancer. 

These findings suggest that physicians update practice patterns in response to experiences and 

factors external to individual patient visits, apart from or in addition to baseline consideration of 

evidence-based clinical risk factors. Systems-level interventions may improve the use of 

evidence-based screening practices, such as by providing physicians with clear, patient-centered 

information or prompts when clinically relevant, rather than relying on human discretion that 

may be erroneous or biased by recent experience. 

The third chapter (with Michael L. Barnett and Sanjay Divakaran) analyzes the continuity 

and disruption of cardiovascular care, using electronic health records data and metadata to 

identify patient, physician, and system attributes that influence cascades of care and their 

outcomes. I examine the completion of follow-up cardiovascular care among patients presenting 
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with elevated troponin levels to emergency departments in a large, metropolitan academic health 

system who did not have established cardiovascular care before these visits. I find significant 

disparities in the ordering, scheduling, and completion of stress tests, cardiology referral visits, 

and procedural interventions that depend on patients’ insurance payer type and racial/ethnic 

subgroup. I identify insurance payer as a consistent determinant of access to and utilization of 

follow-up care services, regardless of clinical risk factors and sometimes mediating the 

racial/ethnic differences observed. Findings imply that intervention strategies to close disparities 

in health care access can differ by type of service and clinical workflow, even within a single 

specialty like cardiology. By understanding and addressing the disparities in care utilization at 

each stage of a care cascade, interventions can be better tailored to improve health care access 

and patient outcomes. 
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1.1 Introduction 

Access to health care is a key determinant of health outcomes and well-being. However, 

access to health care is not equally distributed across the United States (U.S.), particularly for 

underserved populations who face multiple barriers to obtaining and using health care services.1–

7 These barriers include geographic, economic, social, and cultural factors that affect the 

availability, affordability, and quality of health care.1–7 

One of the major challenges in addressing health care access disparities is the persistent 

maldistribution and shortage of health care professionals, especially physicians, across regions 

and populations.8–12 Historical and current factors, such as financial incentives, practice 

requirements, and lifestyle preferences, have drawn physicians to more affluent areas and 

specialties, leaving underserved populations with inadequate access to healthcare providers and 

services.13 These disparities in access to care are particularly apparent for rural locales and 

minority populations, which have been subjects of sustained research and policy focus.6,7,9,14,15 

But despite the attention directed to the distribution of physician supply, i.e., quantity of 

physicians, there remains a critical gap in understanding how the quality of physicians and the 

health care they provide varies across different areas and practices. Understanding how physician 

quality varies by area and practice characteristics, especially those related to sociodemographic 

factors and disparities, is crucial for maintaining effective and equitable healthcare systems. 

Previous work has highlighted the complex and multifaceted factors that influence 

physicians’ career choices and practice locations.1,9,12 These factors range from financial 

considerations to professional satisfaction, personal preferences, and societal objectives, such as 

serving vulnerable populations or contributing to research.8,13,16–18 These determinants are 

interconnected, often leading to complex trade-offs when physicians make decisions about their 
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practice locations. Thus, the distribution of physician quality reflects not only the geographic 

availability of trained physicians for different patient populations, but also the trade-offs and 

motivations inherent in shaping physicians’ specific practice choices in context of their own 

skills and relative proficiencies. 

In this study, I (with J. Michael McWilliams and Michael E. Chernew) investigated the 

relationship between the quality of new physicians, as measured by senior physicians’ 

evaluations, and the characteristics of their selected practices, with a focus on sociodemographic 

characteristics of physicians’ selected practice locations and their implications for disparities. I 

used a novel dataset linking Accreditation Council of Graduate Medical Education (ACGME) 

Milestone scores as measures of physicians’ skill and proficiency to data on area and practice 

characteristics. This study aims to advance the literature on health care quality and equity, and to 

inform policy and practice strategies to improve the distribution and delivery of high-quality 

health care. 

 

1.2 Methods 

ACGME Milestone Data 

I evaluated the practice choices of newly graduated physicians who completed their 

training programs (residency or fellowship) from 2013 to 2022. I used Accreditation Council of 

Graduate Medical Education (ACGME) Milestone scores as measures of physician competency 

in delivering high-quality care.19,20 The ACGME accredits residency and fellowship programs in 

the United States.21 The ACGME Milestone scores are standardized assessments that measure 

six domains of competency in clinical practice: Patient Care, Medical Knowledge, System-Based 

Practice, Practice-Based Learning and Improvement, Professionalism, and Interpersonal and 
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Communication Skills. These scores are quantitative assessments of training physicians 

(residents and fellows) by senior and/or attending physicians, reported every six months. I 

included all ACGME Year-End Milestone scores from 2013 to 2022, except for the Year-End 

2019-2020 scores, which were not mandatory for training programs to report. I analyzed the 

scores of trainees in clinical specialty programs for Internal Medicine (restricted to physicians 

who later practice in Hospital Medicine or Primary Care, i.e., do not subspecialize through a 

subsequent fellowship program), Family Medicine, Cardiology, Gastroenterology, Orthopedic 

Surgery, Vascular Surgery, and Emergency Medicine.  

The Milestone scores use a scale of 1 to 9 to rate each competency domain. A score of 1 

indicates “critical deficiencies”, a score of 7 indicates “ready for unsupervised practice”, and a 

score of 9 indicates “aspirational” performance. The target score for graduation is 7, but it is not 

a requirement. Supplementary Table 1.1 includes Milestone items for Internal Medicine for 

illustration. 

Study Variables 

I obtained the practice locations of new physicians after their training from the 2021-

2023 National Plan & Provider Enumeration System (NPPES) files via National Provider 

Identifier (NPI) number linkage.22 I obtained geographic characteristics at the 5-digit ZIP code 

level from U.S. Census extract data.23 Geographic characteristics of physicians’ practice 

locations (ZIP codes) were calculated using their mean values during the 2021-2023 period. I 

excluded physicians who did not have an identified practice in the 2021-2023 NPPES. 

Using the ACGME Milestone data, I obtained the competency scores of physicians who 

graduated from their training programs before 2023 and were practicing in a location identifiable 

via the 2021-2023 NPPES data. I used physicians’ Milestone scores during their last year of 
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training as measures of their competency when they entered the workforce. I calculated 

subcomposite scores for each of the six Milestone domains by averaging each physician’s non-

missing scores within each domain. Each physician’s mean overall competency score was a 

composite score consisting of the mean of the physician’s subcomposite scores for the six 

domains. 

Statistical Analyses 

To facilitate analyses across specialties with varying distributions and more uniform 

reporting of results, I standardized the competency scores into Z-scores representing the number 

of standard deviations each physician’s mean overall competency score differed from their 

specialty-specific mean. For the main analyses, I used linear regression to fit a model of each 

practice location characteristic of interest on physician competency score, controlling for year 

fixed effects to account for changes in scoring over time. Subsequent models included 

destination state fixed effects, program fixed effects, or both, to compare physicians with 

different competency levels who chose their practice location within the same state and/or who 

graduated from the same program. The inclusion of destination state fixed effects allowed me to 

restrict analyses to physicians who chose to practice in the same destination states. This 

restriction reflects comparisons between physicians who have the same, smaller geographic 

preferences (choice set) than a national choice set, which in conjunction with the national choice 

set results (main analysis), facilitated bounding of the overall analytical estimates.17,24 The 

inclusion of program fixed effects allowed me to adjust for potential variations in scoring 

practices across training programs. 

I tested for nonlinear relationships between competency scores and practice location 

characteristics by specifying competency score as a categorical (in deciles) rather than 
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continuous variable. I conducted subgroup analyses by specialty and competency domain to 

examine whether associations between physician competency and practice location 

characteristics differed across specialties or competency domains. Finally, in multivariable 

regression models, I included additional location characteristics (excluding the dependent 

variable) as covariates to identify characteristics independently associated with physician 

competency. 

Variation in competency scores may be explained by differences in competency levels of 

physicians training at different programs, and/or by standardization (“grading on a curve”) of 

competency scoring within programs. To measure the amount of variation explained by 

differences between programs, I used multilevel models to estimate the intraclass correlation 

coefficients (ICCs) of the competency scores. The moderate-sized estimates of between-program 

variation in competency scores observed suggested some consistency of grading across programs 

rather than standardization that would mask differences in physician competency across 

programs – guiding the main analyses, which used the competency scores without additional 

subjective ranking of programs. 

Results are reported as the change in each practice location characteristic per one 

standard deviation (SD) increase in the standardized physician competency score, where the SD 

value was calculated within each specialty. Standard errors were clustered at the training 

program level and differences were considered statistically significant at P<0.05. 

 

1.3 Results 

The study sample consisted of 129,938 physicians who completed their residency or 

fellowship training between 2013 and 2022 and practiced in the United States (Table 1.1). 42.3% 
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of physicians were female, with a mean age in 2023 of 36.2 years (SD = 4.7 years). Physicians in 

the sample graduated from medical schools and later practiced in ZIP codes in all 50 states and 

Washington, DC. There were 2,325 training (residency or fellowship) programs represented. 

Across all specialties, the mean composite competency score in physicians’ final year of 

training was 6.24 (SD = 1.46), with a median of 6.59, corresponding to the lower distribution of 

the “Ready for unsupervised practice” narrative box score (bounded by scores of 6 and 8). 

Visualizations of the distribution of competency scores by specialty are depicted in 

Supplementary Figure 1.1. The six competency domain components of the overall composite 

score were highly correlated with each other, with bivariate correlations between domain 

subcomposite scores ranging from 0.88 to 0.96. The overall intraclass correlation coefficient 

(ICC) of final year composite competency scores was 0.30, likely reflecting substantial non-

random sorting of physician trainees to programs based on competency, in turn reflected in the 

scores. This moderate degree of variability across programs effectively ruled out an extreme 

scenario in which all programs graded on a curve to have the same within-program distributions. 

Most new physicians practiced in urban areas, with few in rural areas (78.2% urban, 

21.1% suburban, 0.7% rural) (Table 1.1). Physicians’ practice ZIP codes were similar in mean 

population size across specialties, ranging from 27,617 residents (SD = 16,056) for orthopedic 

surgery to 30,229 residents (SD = 16,817) for family medicine. Gastroenterologists and 

emergency medicine physicians practiced in the most and least affluent ZIP codes, respectively, 

with median incomes of $56,131 (SD = 26,435) and $49,341 (SD = 21,793). 

The racial/ethnic and education compositions of practice ZIP codes varied slightly by 

specialty (Table 1.1). Family medicine physicians practiced in ZIP codes most different from 

other specialties, which may reflect their more rural and suburban practice locations. For 
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example, family medicine physicians practiced in ZIP codes with the highest proportions of non-

Hispanic white (71.7%), Hispanic (16.5%), and less than high school educated (13.1%) residents, 

as well as the lowest proportions of Black (14.1%) or Asian or Pacific Islander (5.4%) residents. 

Emergency medicine physicians practiced in ZIP codes with the highest proportions of Black 

residents (18.9%). Orthopedic surgeons practiced in ZIP codes with the lowest proportions of 

Hispanic (14.0%) and less than high school educated (11.6%) residents. Gastroenterologists 

practiced in ZIP codes with the highest proportions of Asian or Pacific Islander residents (8.4%). 
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Table 1.2 presents the associations between new physicians’ competency scores and their 

practices’ ZIP code characteristics, in aggregate and by specialty. These estimates are national, 

which include year fixed effects but no additional geographic or program covariates. 

At a national level, new physicians with higher competency scores were slightly less 

likely to practice in urban areas (-0.72 percentage point [ppt] change in practicing in an urban 

location per 1 SD increase in competency score and 95% confidence interval of [-1.19, -0.23]), 

with modest variability across specialties. For internal medicine physicians (hospitalists and 

primary care) and vascular surgeons, physicians with higher competency scores practiced in 

more urban locations (1.58 ppt [0.86, 2.31], internal medicine; 3.68 ppt [1.39, 5.97], vascular 

surgery). Conversely, higher competency physicians in family medicine and gastroenterology 

practiced in more suburban (2.10 ppt [1.19, 3.00], family medicine; 1.30 ppt [0.05, 2.54], 

gastroenterology) and/or rural (0.44 ppt [0.30, 0.58], family medicine) areas. Overall, higher 

competency physicians practiced in areas with slightly higher mean incomes (512.2 dollars 

[149.2, 875.3]) and smaller proportions of the population in poverty (-0.35 ppt [-0.51, -0.20]), 

with specialty-specific associations occurring in the same directions when present. Higher 

competency physicians also practiced in ZIP codes with slightly lower cost of living (-0.78 units 

[-1.37, -0.18]) and fewer residents with less than high school education (-0.39 ppt [-0.53, -0.25]). 

Race/ethnicity composition of practice ZIP code populations differed by physician 

competency, at small to moderate effect magnitudes. Higher competency physicians practiced in 

locations with higher proportions of non-Hispanic white residents (0.98 ppt [0.66, 1.30] – 

estimates ranging from 1.00 to 1.89 ppt across specialties). In turn, higher competency 

physicians practiced in locations with lower proportions of Black and Hispanic residents (-0.76 
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ppt [-1.01, -0.46], Black proportion – estimates ranging from -0.70 to -1.47 ppt; -0.71 ppt [-1.01, 

-0.41], Hispanic proportion – estimates ranging from -0.69 to -0.98 ppt). 
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Table 1.3 presents the results of models additionally including destination state fixed 

effects. When accounting for state-level geographic preferences, there were no substantive 

changes in the direction of associations compared to those observed in the national estimates. 

However, in some cases, there were slight differences in the magnitude and statistical 

significance of model coefficients. For example, compared to national estimates, the within-state 

difference in urban designation per 1 SD competency score increase was slightly larger in 

magnitude (-0.84 ppt [-1.30, -0.39] with state fixed effects vs. -0.72 ppt [-1.19, -0.23] without). 

The same was true for within-state associations of competency score and median income (659.8 

dollars [337.2, 982.3] with state fixed effects vs. 512.2 dollars [149.2, 875.3] without). The 

within-state estimates were nearly the same for proportion in poverty (-0.34 ppt [-0.49, -0.19] 

with state fixed effects vs. -0.35 [-0.51, -0.20] without). Finally, within-state racial/ethnic and 

education associations were smaller in magnitude compared to national estimates (examples for 

illustration: 0.66 ppt [0.38, 0.94] for Non-Hispanic white proportion with state fixed effects vs 

0.98 ppt [0.66, 1.30] without; -0.28 ppt [-0.41, -0.14] vs. -0.39 ppt [-0.53,-0.25] for proportion 

less than high school education). Overall, compared to national estimates, the estimates 

accounting for state-level preferences demonstrated slight changes in magnitudes, but 

conclusions using national versus within-state analyses were substantively similar. 
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Compared to national estimates, results from models including program fixed effects 

were slightly attenuated in magnitude, without changes to effect directions nor statistical 

significance (Table 1.4). For example, the within-program difference in urban designation of 

practice location per 1 SD increase in competency score was smaller in magnitude compared to 

the national estimate (-0.69 ppt [-0.96, -0.41] with program fixed effects vs. -0.72 ppt [-1.19, -

0.23 without]). The within-program differences in area income and proportion in poverty by 

competency score were smaller and less significant for all specialties than in the national models 

(395.2 dollars [213.3, 577.1] for median income with program fixed effects vs 512.2 dollars 

[149.2, 875.3] without; -0.27 ppt [-0.35, -0.19] for proportion in poverty with program fixed 

effects vs. -0.35 ppt [-0.51, -0.20] without). All within-program differences in race/ethnicity 

composition by competency score were similar or slightly smaller compared to the national 

estimates (e.g., 0.66 ppt [0.50, 0.81] for proportion non-Hispanic white with program fixed 

effects vs. 0.98 ppt [0.66, 1.30] without). 

Results from models with both destination state and program fixed effects were slightly 

attenuated in magnitude compared to national estimates, without changes to effect directions nor 

statistical significance (Table 1.5). 
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In both national and within-state analyses, there was a linear and monotonic relationship 

between physician competency and practice area characteristics, as shown in predicted mean 

values and plots per decile (Supplementary Figures 1.2 and 1.3). In the within-program analyses, 

there was a threshold effect, where physicians in the lowest three deciles of competency score 

practiced in different areas than those in the highest seven deciles for select practice area 

characteristics (Supplementary Figure 1.4). For example, gastroenterologists and orthopedic 

surgeons had larger racial/ethnic differences in their practice areas across lowest versus highest 

competency levels than when comparing individual deciles in the middle of the distribution. 

Models stratified by the six competency domains produced similar results to the those of the 

main analyses, consistent with the high correlations between domain subcomposite scores. 

Multivariable regression models revealed that at a national level, the observed 

sociodemographic differences by competency score were not explained by geographic or 

population size characteristics of the practice locations, nor vice-versa. However, the magnitudes 

of adjusted estimates were slightly attenuated compared to unadjusted estimates. For example, 

after controlling for other geographic variables, such as rural/urban designation or Cost of Living 

Index, physicians with higher competency scores remained more likely to practice in areas with 

higher Non-Hispanic White (0.33 ppt [0.11, 0.55]) and lower Black (-0.46 ppt [-0.66, -0.25]) 

proportions of the population. Higher competency physicians also remained more likely to 

practice in slightly more highly educated areas, i.e., areas with fewer residents with less than a 

high school education (-0.14 ppt [-0.25, -0.04]). Higher competency physicians remained more 

likely to practice in rural areas (0.18 ppt [0.12, 0.23]). On the other hand, there were no 

significant associations between competency score and percentage of population in suburban 

areas, percentage of population in poverty, or cost of living index. Physicians’ choices of 
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practice location may thus be more influenced by the rural versus urban designation or 

racial/ethnic and education compositions of their practice areas than these factors. 

In both within-state multivariable analyses and within-program multivariable analyses, 

higher competency physicians remained more likely to practice in areas with a larger relative 

Non-Hispanic White population (0.21 ppt [0.02, 0.41] for within-state; 0.28 ppt [0.17, 0.39] for 

within-program), smaller relative Black population (-0.32 ppt [-0.49, -0.15] for within-state; -

0.31 ppt [-0.41, -0.21] for within-program), and that were rural (0.15 ppt [0.10, 0.20] for within-

state; 0.10 ppt [0.04, 0.15] for within-program). In within-program multivariable analyses, higher 

competency physicians additionally practiced in areas with a slightly smaller proportion of the 

population in poverty (-0.05 ppt [-0.10, -0.0003]). 

Finally, in within-state, within-program multivariable analyses adjusting for all other 

characteristics aside from the characteristic of interest, higher competency physicians remained 

more likely to practice in areas with a larger relative Non-Hispanic White population (0.21 ppt 

[0.11, 0.32]), smaller relative Black population (-0.23 ppt [-0.32 ,-0.13]), and that were rural 

(0.10 ppt [0.04, 0.15]) or suburban (0.34 ppt [0.10, 0.58]).  
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1.4 Discussion 

This study examined the relationship between new physicians’ competency scores and 

their practice location characteristics across different specialties. Higher competency physicians 

tended to practice in more advantaged areas, though the magnitude of effect was moderate to 

weak in magnitude and varied modestly by specialty and characteristic. The relationships 

observed were between physician competency and racial and ethnic composition, urban/rural 

designations, and education levels of physicians’ practice locations. The differences observed 

were consistent across models that were progressively more restrictive in practice location 

choice, including in national, within-destination state, within-program, and both within-

destination state and within-program estimates of these relationships. 

Higher competency physicians practiced in areas with higher income, lower poverty, and 

higher education level, but these associations were small and varied by specialty. Higher 

competency scores were associated with more urban locations for internal medicine and vascular 

surgery, but more suburban and/or rural locations for family medicine and gastroenterology. 

These differences may reflect the supply and demand of physicians, as well as the specialty-

specific factors such as training location, practice setting, and lifestyle preferences. For example, 

internal medicine physicians may seek academic opportunities in urban areas, while vascular 

surgeons may prefer urban areas due to the need for referral sources for complex procedures, 

while family medicine physicians may be well-suited to rural areas where they provide more 

comprehensive care and have more autonomy. 

Higher competency physicians practiced in areas with higher proportions of non-Hispanic 

white residents and lower proportions of Black and Hispanic residents. These findings suggest a 

racial and ethnic disparity in the distribution of physician competency, which may impact health 
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care access and quality for minority populations. The reasons underlying these associations are 

not clear from this study alone, but may be related to factors such as physician bias or 

discrimination, patient preference or demand, or institutional or policy barriers or incentives. 

Previous studies have suggested that racial and ethnic concordance between physicians and 

patients can improve patient outcomes.25,26 Future research can explore how concordance 

strategies may be impacted by an underlying systematic tendency of higher competency 

physicians to practice in areas with lower proportions of minority populations. 

The direction of associations for most characteristics and specialties did not change after 

accounting for state-level geographic preferences, but state fixed effects did affect the magnitude 

and significance of some coefficients. Notably, however, the within-state standard deviations of 

ZIP characteristic estimates were also smaller than the national standard deviations. Taken 

together, state-level factors may slightly moderate the relationship between physician 

competency and practice location characteristics. For example, state policies (e.g., loan 

repayment programs, scope of practice regulations, Medicaid reimbursement rates), 

demographics, and culture may influence the attractiveness and availability of different practice 

locations for physicians with varying levels of competency. Within-program estimates were 

slightly attenuated compared to national estimates, but also did not change in direction or 

significance. The attenuation suggests that the relationship between physician competency and 

practice location characteristics is somewhat influenced by variation across different training 

programs, such as different scoring practices. 

In multivariable regression analyses, higher competency scores were still associated with 

higher Non-Hispanic White and lower Black proportions of the population, lower proportions of 

population having less than high school education, and rural areas, after adjusting for other 
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practice location characteristics. These results suggest that these sociodemographic and 

geographic practice area characteristics are independently associated with physician competency, 

and do not entirely confound each other. 

Using senior physician evaluations as a measure of physician competency, this study 

provides novel insights into the relationship between physician competency and practice location 

characteristics across different specialties in the United States. Senior physician evaluations are 

advantageous as they reflect the information that employers have when assessing new physician 

hires and the quality of care delivered as judged by experts in the same clinical specialties. This 

is in contrast to other quality measures, such as claims-based or patient experience measures.27–29 

This study has limitations. First, the study employed one set of measures of physician 

competency based on senior physician evaluations, which may not capture all aspects of clinical 

competence or performance. Second, the study used ZIP code level data to characterize practice 

location characteristics, which may not reflect the characteristics of the precise patient 

population served by the physicians. Future research will assess this adjacent and important 

question of which patients are served by physicians of varying quality using claims data. Third, 

this study does not causally identify the driving factor(s) underlying physician employment 

decisions or workforce patterns. I included multivariable models to account for coexisting 

predictors of physicians’ practice choices, which aimed to improve understanding of the 

independent associations observed, but cannot necessarily fully or causally explain them. 

Additional unobserved factors may influence physician practice location choice, such as personal 

characteristics, family ties, professional networks, or institutional incentives. Fourth, I used 

cross-sectional data to examine the practice location choice of new physicians as of 2021-2023, 

which may not reflect their long-term career trajectories or mobility patterns. 
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The results of this study revealed that there is a systematic trend of lower quality new 

physicians practicing in locations with historically underserved populations. However, the 

magnitudes of these trends were not large in context of the wide variation in area characteristics 

across U.S. ZIP codes. These findings indicate a need to address the factors that influence 

practice location choice and the distribution of physician quality, with implications for health 

equity and policy. However, the results also provide some reassurance as there were not extreme 

disparities in the quality of physicians across different areas and populations. The specific effects 

observed were of moderate to weak magnitudes, with variations and exceptions across specialties 

and populations. In summary, findings of this study portray a mixed picture of the distribution of 

physician quality across different areas and populations, highlighting the need for further 

research and intervention to improve health equity and policy. 
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Changes in Cancer Screening Rates Following a New Cancer Diagnosis in a Primary Care 

Patient Panel 
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* A version of this chapter was previously published as the following: 

Wang AZ, Barnett ML, Cohen JL. Changes in Cancer Screening Rates Following a New Cancer 

Diagnosis in a Primary Care Patient Panel. JAMA Netw Open. 2022;5(7):e2222131. 
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2.1 Introduction 

Despite the availability of effective preventive screenings for breast and colorectal cancers, 

an estimated 29% of breast cancers and 53% of colorectal cancers are still diagnosed at a late 

stage annually.1,2 Regular preventive screenings could contribute to reductions in mortality and 

morbidity through earlier diagnoses of these cancers – the second and third most common causes 

of cancer deaths in the United States – while treatment options and curative potential are better.3–

7 Periodic screenings for breast and colorectal cancers are endorsed by the U.S. Preventive 

Services Task Force (USPSTF), the American Cancer Society (ACS), and numerous other 

professional organizations.7–15 However, patient screening rates vary widely and remain below 

public health targets.16,17 

Primary care physicians’ (PCPs’) counseling and referrals play a major role in their 

patients’ use of cancer screenings.16,18–22 Clinical guidelines regarding when physicians should 

refer patients to screening consider evidence-based factors such as patient age, gender, family 

history, and environmental exposures.23,24 In practice, however, physicians’ decisions to counsel 

and refer patients on cancer screening may also be informed by inaccurate information or beliefs 

of cancer risk, and by non-clinical heuristics, including situational factors such as appointment 

time and cognitive load.16,25–27  

One potential driver of a PCP’s counseling and referral for cancer screening is the salient 

event of a diagnosis of new cancer in their patient panel. Evidence from psychology and 

behavioral economics suggests that salient adverse events can influence provider decision-

making.28–31 For example, a 2018 randomized trial of letters notifying physicians of opioid 

overdoses in patients to whom they prescribed opioids demonstrated a sharp decrease in 

prescribing.32 Additional studies on adverse clinical events, such as gastrointestinal bleeds, 
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pulmonary embolism diagnoses, and unexpected newborn deaths, have found associations 

between such events and downstream changes in physicians’ clinical decisions.33–37 It is plausible 

that a new cancer diagnosis could increase cancer screening rates through similar behavioral 

mechanisms. The new diagnosis could act as a salient reminder for PCPs to counsel on 

preventive screenings, increase PCPs’ estimated likelihood of cancer due to the ease of recalling 

a recent case (i.e., “availability bias”), or increase physicians’ sense of urgency to recommend 

screenings more strongly.28–31 In situations in which screenings may be helpful for patients, 

salient cues such as recent cancer diagnoses may serve as important reminders or motivation for 

physicians to recommend screenings. However, little is known about whether and how 

physicians modify their screening recommendations following a new cancer diagnosis among 

their patients. 

In this study, I (with Jessica L. Cohen and Michael L. Barnett) investigated whether PCPs’ 

exposures to patients newly diagnosed with breast or colorectal cancer were associated with 

subsequent changes in breast and colorectal cancer screenings for other patients who visited the 

affected PCPs. 

 

2.2 Methods 

Data and Study Population 

This study used commercial insurer and Medicaid claims from the 2009-2015 New 

Hampshire and Maine All-Payer Claims Databases (APCDs).38,39 The Institutional Review Board 

at the Harvard School of Public Health deemed this study exempt, due to use of secondary 

deidentified data. This study followed Strengthening the Reporting of Observational Studies in 

Epidemiology (STROBE) guidelines.40 
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The study population included primary care physicians (PCPs) of all patients within 18-

64 years of age for the entire study period (adults under typical Medicare eligibility age).41,42 

PCPs were included if they held MD or DO degrees, had clinic locations in NH or ME, and 

practiced in internal medicine, family medicine, general practice, or geriatrics (Supplementary 

Table 2.1 in Supplement). Patients were attributed to PCPs using the annual plurality of 

evaluation and management (E&M) office visits, with ties broken randomly (Supplementary 

Table 2.1 in Supplement).43–45 

Study Exposure 

In separate analyses for breast cancer and colorectal cancer, I included the set of all 

patients attributed to PCPs to identify new cancer diagnoses during the study period. The 

exposures of interest were new diagnoses of breast or colorectal cancer in a PCP’s patient. I 

identified new diagnoses with common procedural terminology (CPT) and International 

Classification of Disease (ICD) codes, using procedures adapted from validated claims 

algorithms (Supplementary Table 2.2 in Supplement).46–48 A new diagnosis required the 

occurrence of both cancer-relevant ICD and CPT codes, with no occurrence of these codes in the 

previous year (Supplementary Methods in Supplement). To exclude outlier physicians with few 

attributed patients, physicians in the lowest fifth percentile of patient panel size were excluded 

(Supplementary Methods in Supplement). Consistent with previous literature, I used the first new 

cancer diagnosis in the study period as the exposure of interest for PCPs with multiple new 

cancer diagnoses.33–37 

Outcome Measures 

The study had two primary outcomes defined using patient visits and aggregated to the 

PCP-month level – one for breast cancer screening and one for colorectal cancer screening. 
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Screening tests were identified by CPT and ICD codes (Supplementary Table 2.3 in 

Supplement). For breast cancer, I constructed a binary variable equal to one if a female patient 

received mammography within one year of visiting her PCP. For colorectal cancer, I constructed 

a binary variable equal to one if a patient received colonoscopy, sigmoidoscopy, fecal occult 

blood testing (FOBT), fecal immunochemical testing (FIT), and/or multitarget stool DNA testing 

within one year of visiting their PCP. I attributed all patient visits to PCPs, aggregated to monthly 

visit counts per PCP. For each patient visit, I determined whether that patient received the 

screening test of interest within the following 12 months. This procedure yielded a per-month, 

per-PCP fraction of patient visits to a PCP resulting in screening completion within the next year 

(“screening rate”). Monthly screening rates were further aggregated to the quarterly level for 

model estimates and plots. I included a broad age window for patients (18-64 years) because 

screening may be warranted for younger patients with relevant family histories or risk factors; 

such clinical factors cannot be observed in these data to know whether specific screenings were 

appropriate. 

Study Covariates 

Physician gender and clinical specialties were obtained from the APCD provider files and 

cross-checked in the NPPES (National Provider and Plan Enumeration System) dataset and 

Doctors and Clinicians National File (“Physician Compare,” Centers for Medicare and Medicaid 

Services) using National Provider Identifiers (NPIs).49,50 Physicians’ years of experience were 

estimated using medical school graduation years. Patient age (via date of birth), gender, and 

insurance payer were obtained from APCD beneficiary files. 
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Statistical Analysis 

I used a stacked difference-in-differences (DD) study design,51,52 with PCP-quarter as the 

unit of analysis. I compared changes in screening rates for PCPs following exposure to a new 

cancer diagnosis (currently-exposed PCPs) to changes in screening rates for PCPs who were not 

yet exposed to a new cancer diagnosis but would be later in the study period (future-exposed 

PCPs). Stacked DD methods use future-exposed PCPs as the comparison group for two reasons. 

First, “never-exposed” PCPs may differ in critical ways from “ever-exposed” PCPs and thus may 

not be a valid comparison group (Supplementary Table 2.4 in Supplement). Second, “previously-

exposed” PCPs may still be experiencing time-varying treatment effects and thus may induce 

bias if included as comparison with “currently-exposed” PCPs.  Inference from stacked DD 

analyses requires that, in the absence of study exposure, differences between outcomes for the 

treatment (currently-exposed) and comparison (future-exposed) PCPs would remain constant 

over time.53 

I tested for parallel pre-exposure trends in outcomes between treatment and comparison 

groups, using F-tests of coefficients with the null hypothesis that pre-exposure coefficients were 

jointly equal to zero. I analyzed changes in screening rates over four quarters before and after a 

new cancer diagnosis.33,35–37 Index patients whose new breast or colorectal cancer diagnoses 

were the study exposures were excluded from study outcomes to avoid a mechanical correlation 

between exposures and outcomes. 

The key variables in the stacked DD model were a set of indicators for each quarter 

relative to new cancer exposure (i.e., -4 to 4 quarters) and an indicator for whether the PCP was 

in the currently-exposed group (vs. future-exposed). To adjust for potential confounding by time-

invariant PCP characteristics (e.g., gender, age, race), the model included indicator variables for 
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each PCP. The model included indicator variables for each year and calendar month to adjust for 

time-varying and seasonal factors affecting PCPs’ screening recommendations. I used robust 

standard errors clustered at the PCP level. Analyses were conducted using Stata version 17 

(StataCorp LLC). 

Additional Analyses and Sensitivity Tests 

In additional subgroup analyses, I assessed whether model estimates varied by physician 

characteristics. PCP characteristics included physician gender (male vs. female PCPs), years of 

clinical experience (divided at median, >18 years vs. ≤18 years in practice), and panel 

composition by patient insurance payer (proportion of patient panel enrolled in Medicaid [vs. 

commercial insurance]). I tested for differences in means between subgroups, using subgroup-

specific variables interacted with the main effect term in separate analyses. I also conducted 

colorectal cancer analyses stratified by screening modality (Supplementary Table 2.13 in 

Supplement). 

As a robustness check, I conducted falsification tests for each analysis, using breast cancer 

diagnoses as index events for colorectal cancer screening rates in stacked DD models and vice-

versa. Screening rates would not be expected to change for one cancer type following the 

diagnosis of a different cancer type and, if I saw such an association, it would suggest potential 

confounding. I also assessed for sensitivity of findings to varying specifications, including 

sample and exposure criteria (separate analyses, excluding: PCPs with more than two total 

exposures; exposures followed by a subsequent exposure within one year; carcinoma in situ 

diagnosis codes; patients younger than 35, 40, and 50 years of age [separate analyses]), 

covariates used (calendar month vs. calendar quarter indicators, month vs. year indicators), and 

number of quarters included before and after index events. 
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2.3 Results 

The study sample included 3,158 PCPs caring for 1,920,189 attributed patients between 18 

to 64 years of age. From 2009 to 2015, 898 PCPs had a patient newly diagnosed with breast 

cancer and 370 PCPs had a patient newly diagnosed with colorectal cancer (Table 2.1). 

Currently-exposed and future-exposed PCPs had similar characteristics at the start of the study 

period (Supplementary Table 2.4 in Supplement). 

 
Table 2.1. Characteristics of Primary Care Physicians (PCPs) in Breast Cancer and Colorectal 
Cancer Analyses 
 
Characteristic Breast Cancer Analysis Colorectal Cancer Analysis 

 
PCPs exposed to 

new cancer diagnosis 
(N=898) 

PCPs exposed to 
new cancer diagnosis 

(N=370) 
PCP Characteristics 
Female PCPs, No. (%) 348 (38.8) 131 (35.4) 
Years in practice, mean (SD) 19.3 (9.1) 19.8 (9.2) 
Clinical specialty   
  Family practice, No. (%) 602 (67.1) 257 (69.4) 
  Internal medicine, No. (%) 286 (31.8) 109 (29.6) 
  Other medical specialist, No. (%) 10 (1.1) 4 (1.0) 
Practice Location, No (%) 
  Urban (metropolitan) 513 (57.1) 217 (58.6) 
  Large rural (micropolitan) 180 (20.1) 78 (21.0) 
  Small rural 118 (13.1) 39 (10.5) 
  Isolated rural 87 (9.7) 36 (9.9) 
PCP Patient Panel Characteristics, Mean (SD) 
  Number of patients in panel 
  [Non-Medicare] 330.6 (217.5) 298.2 (230.3) 

  Percentage of female patients in 
panel 58.3 (15.0) 56.5 (14.3) 

  Percentage of patients enrolled in 
  Medicaid in panel 14.6 (13.6) 14.9 (13.1) 

  Monthly patient visits 
 

68.9 (44.4) 

Female only: 
42.5 (27.8) 

63.7 (38.1) 

  Monthly screenings among patients 
  who visited PCP 

Female only: 
9.4 (6.6) 4.5 (4.8) 

Table 2.1 Legend: Table uses data from quarter-to-event -4 through -1 (pre-exposure period). Patient panel 
sizes include only non-Medicare patients. For the breast cancer analysis, monthly patient visits and screenings 
are also shown for female patients separately, as exposures (breast cancer) and outcomes (mammography 
screening rates) were assessed for female patients.  
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Pre-Exposure 

Statistical tests failed to reject the null hypothesis of parallel trends – that all pre-

exposure coefficients were jointly equal to zero – in screening rates between treatment and 

comparison PCPs  (P=0.44, breast cancer analysis; P=0.13, colorectal cancer analysis; Figures 

2.1 and 2.2). 

Breast Cancer Analysis 

Following exposure to a new breast cancer diagnosis, breast cancer screening rates 

among PCPs’ patient panels displayed a rapid and sustained increase (Figure 2.1 and Table 2.2). 

By the fourth quarter following exposure, breast cancer screening rates were 6.5 percentage 

points higher than the quarter before exposure (95% CI, 4.2 to 8.9; P<0.001). Based on a pre-

exposure screening rate of 37.3% among female patients under Medicare eligibility age, this 

change represents a relative 17.4% increase in the fraction of patients visiting an exposed PCP 

who receive a mammogram within one year. The overall screening increase observed during the 

post-exposure period was 4.5 percentage points (95% CI, 3.0 to 6.1; P<0.001), a 12.1% increase 

from baseline. Falsification tests did not find differences in breast cancer screening rates 

following colorectal cancer diagnoses (95% CI, -1.5 to 3.2; P=0.49; Supplementary Table 2.5 in 

Supplement). 
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Figure 2.1. Breast Cancer Screening Rates Among PCPs’ Other Female Patients Following PCP 
Exposure to a New Breast Cancer Diagnosis 
 

 
Figure 2.1 Legend: 
Breast cancer screenings included mammography. The quarter of PCP exposure to a new cancer diagnosis 
is denoted by relative quarter 0 (zero quarters since new cancer diagnosis). Each relative quarter data 
point represents the difference between treatment and comparison PCPs in screening rates in that quarter 
relative to the quarter before exposure (difference-in-differences in outcome, relative to quarter -1). The 
outcome is defined as the proportion of patients visiting a PCP in a given quarter who receive breast 
cancer screening within one year of the PCP visit. Index patients whose diagnoses were the PCP 
exposures were excluded from analyses. Estimates are expressed in percentage points with 95% 
confidence intervals (error bars). Confidence intervals were estimated using robust standard errors 
clustered at the PCP level. 
Plot A (Left): Main breast cancer analysis. P = 0.44 for joint significance test of pre-exposure coefficients 
in main analysis. Pre-exposure screening rate: 37.3%. 
Plot B (Right): Falsification test for breast cancer analysis, where breast cancer screening outcomes are 
plotted, but exposures were colorectal cancer diagnoses. P= 0.27 for joint significance test of pre-
exposure coefficients in falsification test. Pre-exposure screening rate: 40.5%. 
 

Colorectal Cancer Analysis 

Following exposure to a new colorectal cancer diagnosis, colorectal cancer screening 

rates among PCPs’ patient panels also demonstrated an rapid and sustained increase (Figure 2.2 

and Table 2.2). By the fourth quarter, colorectal cancer screening rates were 2.1 percentage 

points higher than the quarter before exposure (95% CI, 0.8 to 3.4; P=0.001). This change 

represents a relative 20.8% increase in the fraction of patients visiting an exposed PCP who 

receive a colorectal cancer screening within one year of a visit (11.1% pre-exposure screening 
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(B) Falsification Test
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(A) Main Analysis

Figure 1. Breast Cancer Screening Rates Among PCPs’ Other Female Patients Following PCP Exposure to a New Breast Cancer Diagnosis

Pre-Exposure PeriodPre-Exposure Period Post-Exposure Period

Figure 1 Legend:
Breast cancer screenings included mammography. The quarter of PCP exposure to a new cancer diagnosis is denoted by relative quarter 0 (zero quarters since 
new cancer diagnosis). Each relative quarter data point represents the difference between treatment and comparison PCPs in screening rates in that quarter 
relative to the quarter before exposure (difference-in-differences in outcome, relative to quarter -1). The outcome is defined as the proportion of patients 
visiting a PCP in a given quarter who receive breast cancer screening within one year of the PCP visit. Index patients whose diagnoses were the PCP expo-
sures were excluded from analyses. Estimates are expressed in percentage points with 95% confidence intervals (error bars). Confidence intervals were esti-
mated using robust standard errors clustered at the PCP level.
Plot A (Left): Main breast cancer analysis. P = 0.44 for joint significance test of pre-exposure coefficients in main analysis. Pre-exposure screening rate: 
37.3%.
Plot B (Right): Falsification test for breast cancer analysis, where breast cancer screening outcomes are plotted, but exposures were colorectal cancer diag-
noses. P= 0.27 for joint significance test of pre-exposure coefficients in falsification test. Pre-exposure screening rate: 40.5%.

Post-Exposure Period
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rate). The overall screening increase observed during the post-exposure period was 1.3 

percentage points (95% CI, 0.3 to 2.2; P=0.01), a 12.9% increase from baseline. Falsification 

tests did not find differences in colorectal cancer screening rates following breast cancer 

diagnoses (95% CI, -1.9 to 0.2; P=0.13; Supplementary Table 2.5 in Supplement). 

 

Figure 2.2. Colorectal Cancer Screening Rates Among PCPs’ Other Patients Following PCP 
Exposure to a New Colorectal Cancer Diagnosis 
 

 
Figure 2.2 Legend: 
Colorectal cancer screenings included colonoscopy, sigmoidoscopy, FIT, gFOBT, and/or fDNA tests. The 
quarter of PCPs’ exposures to a new cancer diagnosis is denoted by relative quarter 0 (zero quarters since 
new cancer diagnosis). Each relative quarter data point represents the difference between treatment and 
comparison PCPs in screening rates in that quarter relative to the quarter before exposure (difference-in-
differences in outcome, relative to quarter -1). The outcome is defined as the proportion of patients 
visiting a PCP in a given quarter who receive breast cancer screening within one year of the PCP visit. 
Index patients whose diagnoses were the PCP exposures were excluded from analyses. Estimates are 
expressed in percentage points with 95% confidence intervals (error bars). Confidence intervals were 
estimated using robust standard errors clustered at the PCP level. 
Plot A (Left): Main colorectal cancer analysis. P = 0.13 for joint significance test of pre-exposure 
coefficients in main analysis. Pre-exposure screening rate: 10.1%. 
Plot B (Right): Falsification test for colorectal cancer analysis, where colorectal cancer screening 
outcomes are plotted, but exposures were breast cancer diagnoses. P= 0.58 for joint significance test of 
pre-exposure coefficients in falsification test. Pre-exposure screening rate: 12.4%. 
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(B) Falsification Test

Figure 2. Colorectal Cancer Screening Rates Among PCPs’ Other Patients Following PCP Exposure to a New Colorectal Cancer Diagnosis

Pre-Exposure PeriodPre-Exposure Period Post-Exposure Period

Figure 2 Legend:
Colorectal cancer screenings included colonoscopy, sigmoidoscopy, FIT, gFOBT, and/or fDNA tests. The quarter of PCP exposure to a new cancer diag-
nosis is denoted by relative quarter 0 (zero quarters since new cancer diagnosis). Each relative quarter data point represents the difference between treat-
ment and comparison PCPs in screening rates in that quarter relative to the quarter before exposure (difference-in-differences in outcome, relative to quar-
ter -1). The outcome is defined as the proportion of patients visiting a PCP in a given quarter who complete colorectal cancer screening within one year of 
the PCP visit. Estimates are expressed in percentage points with 95% confidence intervals (error bars). Confidence intervals were estimated using robust 
standard errors clustered at the PCP level.
Plot A (Left): Main colorectal cancer analysis. P = 0.13 for joint significance test of pre-exposure coefficients in main analysis. Pre-exposure screening 
rate: 10.1%.
Plot B (Right): Falsification test for colorectal cancer analysis, where colorectal cancer screening outcomes are plotted, but exposures were breast cancer 
diagnoses. P= 0.58 for joint significance test of pre-exposure coefficients in falsification test. Pre-exposure screening rate: 12.4%.

Post-Exposure Period
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(A) Main Analysis
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Subgroup Analyses and Sensitivity Tests 

Post-exposure screening increases were higher for male PCPs compared to female PCPs in 

the breast cancer analysis (3.1 percentage points; 95% CI = 0.4 to 5.8; P=0.03; Table 2.3), but 

not in the colorectal cancer analysis (95% CI = -2.0 to 2.0; P=0.99). There were no detected 

differences across subgroups of physician clinical experience (>18 years in practice vs. ≤18 years 

in practice) or patient panel insurance payer composition (Table 2.3). Findings were consistent in 

sensitivity tests of varying sample size and exposure exclusion criteria, covariates, and analytical 

window length, though smaller and less precise for subgroup analyses excluding younger 

patients (Supplementary Tables 2.6-2.13 in Supplement). 

 

Table 2.3. Subgroup Analyses, Postexposure Change in Proportion of Patients Who Receive 
Cancer Screening Within Next Year 
 
Exposure Group of Interest Breast Cancer Analysis Colorectal Cancer Analysis 

 
Absolute Change, 
Percentage Points 

(95% CI) 
P-Value 

Absolute Change, 
Percentage Points 

(95% CI) 
P-Value 

Pre-Exposure Period 
  [Quarters -5 to -1] 0 [Reference] NA 0 [Reference] NA 

Main Analyses 
All PCPs (Overall Post-
Exposure Change) 4.5 (3.0 to 6.1) < 0.001 1.3 (0.3 to 2.2) 0.01 

Subgroup Analyses (Difference Between Subgroups in Overall Post-Exposure Change) 
Male PCP (vs. Female) 3.1 (0.4 to 5.8) 0.03 -0.01 (2.0 to 2.0) 0.99 
PCP Clinical Experience 
  >18 years in practice vs 
  ≤ 18 years in practice 

2.8 (-0.4 to 5.9) 0.09 -0.1 (-2.1 to 2.0) 0.95 

Patient Insurance Payer 
  Proportion of PCPs’ patients 
  enrolled in Medicaid 

0.5 (-9.1to 10.0) 0.92 0.4 (-6.1 to 7.0) 0.90 
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2.4 Discussion 

Discussion of Findings 

This study found that breast and colorectal cancer screening rates increased among 

patients visiting a PCP soon after a patient in the PCP’s panel was newly diagnosed with cancer. 

The increases in screening rates were not observed until after PCPs were exposed to a new 

cancer diagnosis and were sustained for at least a year after exposure. For breast cancer, the 

magnitude of screening increases was larger for male PCPs than female PCPs. This study 

highlights one example of how physicians’ experiences – here, exposure to a new cancer 

diagnosis – may correspond with the rates at which physicians’ other patients are screened for 

disease, apart from or in addition to baseline consideration of evidence-based risk factors. 

Further, physician characteristics, such as gender, may impact responses to exposures. 

There are various potential reasons for why a PCP’s patients’ cancer screening rates may 

increase following a new cancer diagnosis. First, PCPs may update their assessment of their 

patients’ risk of cancer, either for all patients or patients with specific characteristics. This 

increase in a PCP’s subjective assessment of patients’ risks could lead them to suggest screenings 

to an increased number of patients and put more effort into counseling patients on the benefits of 

screening. Additionally, a recent diagnosis may induce an “availability bias” into PCPs’ decisions 

on cancer screening, which has been associated in other clinical settings with changes in 

physicians’ decision-making. Availability bias occurs when recent events are overemphasized in 

decision-making due to ease of recalling those events.29 Even if PCPs intend to recommend 

cancer screenings, they may forget or be unable to put sufficient effort into counseling on the 

benefits of screening due to time pressure from high scheduling commitments. A recent cancer 

diagnosis may bring cancer to “top of mind” during patient visits, making the importance of 
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counseling on cancer screenings more salient at a key time when mental bandwidth may be 

low.30,31 Previous evidence suggests that PCP referrals for breast and colorectal cancer screening 

decline over the course of the day, suggesting that cognitive load and fatigue may play important 

roles in cancer screening rates.25  Overall, a patient’s new cancer diagnosis likely corresponds 

with changes in a physician’s judgment and/or emotion, reflected in modified physician decision-

making and effort through a range of mechanisms, many of which are not mutually exclusive. 

Our results contribute to the developing literature on whether and how physician behavior 

changes after adverse events, extending this concept to diagnoses and screenings for breast 

cancer and colorectal cancer – two leading causes of cancer mortality in the United States and 

worldwide.7 Breast and colorectal cancer diagnoses are common exposures across many PCPs’ 

careers, yet to our knowledge, have not been studied as potential adverse event exposures in 

context of physician decision-making. Prior related studies have reported changes in physicians’ 

decisions in areas such as blood thinning medication prescriptions, cesarean sections, and 

pulmonary embolism (PE) testing.34–37 Another study investigated colonoscopy-induced 

gastrointestinal bleeds and subsequent reductions in physicians’ colonoscopy orders.33 Our 

observed magnitudes of change, ranging from 1.3 to 6.5 percentage points and 10.2% to 20.8% 

in relative changes, lie in a similar range as estimates in these studies and were sustained 

throughout the study period.33–37 Additionally, this study contributes methodologically through 

its use of all-payer claims data to conduct longitudinal provider-level analyses of practice pattern 

changes in relation to patient diagnoses and outcomes. This study is not limited to one specific 

health care system, but rather makes use of commercial and Medicaid claims for all primary care 

practices across two states. 
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Although PCPs are increasingly held accountable for quality measures that incorporate 

screening tests, the feedback PCPs receive is often limited to performance in those metrics rather 

than clinically meaningful and salient cues, such as targeted updates about their patients.54–60 

Further, though effective screenings are available for breast and colorectal cancer, such 

screenings remain underutilized.16,17 Understanding the drivers of PCPs’ varying practice 

patterns in relation to cancer screening is thus of prime importance. This study adds to the 

evidence that physicians may update their practice patterns based on patients’ diagnoses or 

outcomes when they learn about them. Cues or nudges based on adverse events may have 

variable health impacts, depending on if a screening is warranted; when screenings are beneficial 

to patients, informing physicians of such events could be helpful. If implemented in clinically 

appropriate situations, the provision of salient, patient-focused information or cues to physicians 

could provide useful, targeted, and motivating guidance for PCPs as they care for patients. 

Limitations 

The analysis was an observational study, with specific assumptions for interpreting the 

findings (see Methods). The study was limited to two states (NH, ME). Generalizability to other 

settings or cancer types is uncertain and should be tested. New cancer diagnoses, attribution of 

patients to PCPs, and screenings were identified using claims-based algorithms. Although the 

study adapted algorithms validated in peer-reviewed literature, claims-based methods can 

introduce imprecision, such as through the inability to confirm whether a PCP directly ordered an 

observed screening. Additionally, the data did not allow for analyses that determine whether 

individual screenings were appropriate based on clinical risk factors or distinguish preventive 

from diagnostic screenings. The study does not reveal the specific mechanism for associations 

observed. 
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Conclusion 

This study highlights significant, sustained increases in PCPs’ cancer screening rates 

following exposures to new cancer diagnoses, in context of both breast cancer and colorectal 

cancer, two significant contributors to cancer morbidity and mortality. Future evidence will be 

imperative to assess whether methods to provide PCPs with salient information cues about 

patient diagnoses and outcomes in clinically appropriate situations can improve evidence-based 

screening practices. 

 



 48 

 

 

 

Chapter Three: 

 

Identifying the Mechanisms of Disparities within Cascades of Cardiovascular Care after an 

Emergency Department Visit 

 

Annabel Z. Wang, Sanjay Divakaran, Michael L. Barnett 

 

 

 

* A version of this chapter will be submitted for publication. Please do not circulate. 

 

  



 49 

3.1 Introduction 

Cardiovascular disease remains a leading cause of morbidity and mortality worldwide.1,2 

Early detection and timely management of cardiovascular disease are essential to reducing its 

burden and improving patient outcomes. However, completion of the full cascade of 

cardiovascular care, which consists of diagnostic, preventive, and follow-up services such as 

stress tests, cardiology referrals, and coronary interventions, is not uniform across different 

populations. Disparities in completion of these services contribute to variations in quality of care, 

clinical outcomes, and health equity. 

Prior studies have documented the existence of racial and socioeconomic disparities in 

the utilization of cardiovascular services and health outcomes in various settings.3–10 However, 

the precise mechanisms that lead to racial and socioeconomic disparities in access to 

cardiovascular care remain poorly characterized. Factors such as system barriers, provider biases, 

patient preferences, and social determinants may play a role in influencing access to and 

completion of cardiovascular care.5,11–13 A better understanding of these factors is needed to 

inform the development and implementation of effective interventions to reduce disparities and 

improve access to high-quality cardiovascular care for all individuals. 

Among the factors that may contribute to disparities in access to and completion of the 

cascade of cardiovascular care, insurance payer is a key determinant that affects how patients 

navigate and use the healthcare system. Insurance payer type influences access to and utilization 

of healthcare services, particularly for patients with chronic conditions such as cardiovascular 

disease.14–18 Insurance status may also reflect other socioeconomic differences between patients, 

such as income, education, or employment.19,20 However, while the influence of insurance payer 
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on healthcare utilization and outcomes is well-documented in the literature broadly, its impact on 

cardiovascular follow-up services remains an area of ongoing investigation. 

In this study, I leveraged comprehensive electronic health record data and metadata from 

a large, metropolitan 11-hospital academic health system to examine the completion of follow-up 

cardiovascular care among patients presenting to an emergency department (ED) with elevated 

troponin levels. Elevated troponin levels indicate myocardial injury and concern for acute 

coronary syndrome (ACS) or ischemia.21,22 I assessed the ordering, scheduling, and completion 

of stress testing, cardiology referral, and coronary intervention within six months of the ED visit. 

These services represent important elements in the follow-up cascade of care for patients with 

abnormal troponin results and potential coronary disease.23 I investigated the associations 

between insurance payer, race/ethnicity, and other patient and provider factors and the 

completion of these services. 

This study aims to provide a nuanced understanding of the role of socioeconomic factors 

in influencing access to and completion of the cascade of cardiovascular care, and to identify 

potential barriers impacting the quality and outcomes of cardiovascular care. Findings imply that 

intervention strategies to close disparities in health care access can differ by type of service and 

clinical workflow, even within a single specialty like cardiology. This study also provides a 

framework for health systems to map granular care cascades to identify steps driving disparities 

in other clinical contexts or practice settings. 
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3.2 Methods 

Data and Study Population 

This study used comprehensive electronic health record (EHR) data and metadata 

spanning the years 2015 to 2022, from a large, metropolitan 11-hospital academic health system. 

I identified all patients who visited emergency departments (EDs) in the healthcare system and 

received troponin test orders, indicating concern for cardiac ischemia. I further restricted to 

patients with abnormal (elevated) troponin level results, indicating myocardial injury likely 

meriting follow-up.21,22 The study cohort comprised adult patients with an established primary 

care physician (PCP) within the healthcare system but without any established cardiology care – 

including no cardiology referrals, visits to a cardiology department, stress test orders, completed 

stress tests, or ischemic heart disease diagnoses in the year prior to the ED visit. 

Study Outcomes 

The primary outcomes were completion of key steps in cardiovascular care cascades 

within six months of the initial ED visits. These outcomes included a) receipt of a relevant order 

(stress test or cardiology referral), then whether the order was b) scheduled, then whether a 

scheduled order was c) completed within six months of each patient’s ED arrival date. I also 

assessed completion of procedural interventions for coronary artery disease within six months of 

each patient’s ED arrival date. Qualifying procedures included coronary angiography, 

percutaneous coronary intervention (PCI), and/or coronary artery bypass surgery (CABG). EHR 

metadata provided time stamps for each completed step to assess when they occurred in relation 

to the initial ED visit. 

  



 52 

Statistical Analyses 

I used logistic regression to estimate differences in completion of each step or service in 

relation to the race/ethnicity group and insurance payer of patients. Covariates in adjusted 

models included age, sex, race/ethnicity (when assessing differences by insurance payer), 

insurance payer (when assessing differences by race/ethnicity), primary language, and number of 

active comorbidities. Additional covariates included in sensitivity analyses were emergency 

department fixed effects to account for differences in patient populations presenting at varying 

hospital locations, calendar month fixed effects to account for seasonal trends, month-year fixed 

effects to account for longitudinal trends, fixed effects for patients’ 5-digit ZIP code of residence, 

and patients’ education levels. 

I conducted analyses further stratified by presenting troponin levels. I used the HEART 

score as a framework for categorizing patients into presenting with normal troponin (≤1x 

reference limit), moderately elevated troponin (1-3x), or highly elevated troponin (>3x) 

levels.24,25 

Sensitivity Analyses 

For patients with concern for ACS, expert consensus guideline recommendations on 

follow-up care depend on patient risk, as determined by validated clinical decision pathways 

such as the HEART score.24,25 An assumption underlying the primary analyses is that after 

accounting for an array of patient characteristics contributing to baseline clinical risk, there are 

not extreme differences in patients’ needs for the follow-up services across sociodemographic 

subgroups. I conducted sensitivity analyses for these assumptions, in which I restricted the 

sample to patients qualifying for more testing under prescribed clinical guideline 

recommendations. For patients at intermediate or higher risk with no established coronary 



 53 

disease, patients are recommended to undergo diagnostic imaging, such as stress testing or 

coronary angiography.23–25 In sensitivity analyses, I repeated stress test cascade analyses 

restricted to patients of at least 65 years of age and with highly elevated troponin (>3x) levels, 

who automatically qualify as intermediate risk or higher using the HEART score and would be 

receive a guideline-based recommendation for specific diagnostic imaging (stress testing or 

coronary angiography) or intervention. 

 

3.3 Results 

Sample Characteristics 

Between 2017 and 2022, there were 27,966 adult patients who presented to the healthcare 

system's emergency departments with elevated troponin levels. Of this cohort, 17,453 patients 

(62.4%) were covered by Medicare, 4,431 patients (15.8%) by commercial insurance, 3,836 

patients (13.7%) by Medicare as Dual or Disabled enrollees, and 2,132 patients (7.6%) by 

Medicaid or Health Safety Net (Table 3.1). The cohort's racial and ethnic distribution was 81.4% 

Non-Hispanic White, 6.9% Black, 6.3% Hispanic or Latino, 2.6% Asian, and 2.9% from other 

racial categories. Females constituted 57.3% of the cohort, with the highest female proportion in 

the Medicare group (60.5%) and the lowest in the commercially insured group (45.9%). 

The mean age of patients in the sample was 73.9 years. Commercially insured patients 

were relatively young (mean age 60.6 years) and had lower inpatient admission rates (73.6%) 

and 6-month mortality rates (6.3%) compared to the rest of the cohort (Table 3.1). 

Medicaid/Health Safety Net patients were also relatively young (mean age 55.1 years) but had 

higher inpatient admission rates (76.1%) and 6-month mortality rates (7.2%) than commercially 

insured patients. The Medicare and Medicare Dual/Disabled groups had older mean ages (80.2 
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and 72.1 years) as well as higher comorbidity burdens (15.6 and 16.7), inpatient admission rates 

(74.6% and 75.9%), and 6-month mortality rates (11.5% and 11.3%). 

Completion Rates for Cardiovascular Follow-Up Services 

Notable differences in cardiovascular follow-up service completion were observed by 

insurance payer subgroup (Table 3.2). Patients covered by commercial insurance exhibited the 

highest rates of completing stress tests, cardiology referral visits, and procedural interventions 

for coronary artery disease within six months of their ED visits compared to patients with any 

non-commercial payer (Medicaid/Health Safety Net, Medicare, or Medicare Dual/Disabled). 

Within six months of initial ED visits, 24.3% of commercial patients completed a stress 

test (88.7% completion among patients with received orders). In comparison, stress test 

completion rates were 17.7%, 11.2%, and 10.4% for patients covered by Medicaid/Health Safety 

Net, Medicare, and Medicare Dual/Disabled, respectively (83.6%, 82.5%, and 81.5% completion 

among patients with received orders). Completion of cardiology referral visits was 33.2%, 

19.9%, 25.2%, and 16.9% for patients with commercial insurance, Medicaid/Health Safety Net, 

Medicare, and Medicare Dual/Disabled, respectively. 

Differences in cardiovascular follow-up care completion were also observed across racial 

and ethnic groups, though with less consistent patterns. Completion rates for cardiology referral 

visits within six months were higher for Non-Hispanic White patients compared to patients of 

other races: 25.6%, 22.3%, 20.9%, and 23.6% for Non-Hispanic White, Hispanic/Latino, Black, 

and Asian patients, respectively. Stress test completion rates were highest among 

Hispanic/Latino patients (17.9%; 88.2% among patients with received orders) and Asian patients 

(17.4%; 91.3% among patients with received orders), followed by Black patients (15.8%; 84.8% 
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among patients with received orders) and Non-Hispanic White patients (13.1%; 83.5% among 

patients with received orders). 

Patients with commercial insurance had the highest rates of procedural interventions for 

coronary artery disease within six months, at 14.1% completion. Procedure completion rates 

were 10.2%, 6.0%, and 5.4% for patients in the Medicaid/Health Safety Net, Medicare, and 

Medicare Dual/Disabled groups, respectively. Black patients had the lowest procedure 

completion rates, at 6.4%, compared to the 8.8%, 9.6%, and 7.5% completion rates observed for 

Asian, Hispanic/Latino, and Non-Hispanic White patients, respectively.
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Adjusted Completion Rates 

Adjusted analyses aimed to identify the primary factors driving discrepancies in 

cardiovascular follow-up care completion. Adjusted analyses revealed continued differences in 

completion of cardiovascular follow-up services, robust to the inclusion of additional clinical and 

sociodemographic factors. Additionally, adjusted models underscored both insurance payer and 

race/ethnicity as primary variables underlying observed variations, with insurance payer 

occasionally mediating the differences found across race/ethnicity groups. 

In models adjusting for age, sex, active clinical comorbidities, race/ethnicity, and 

language, patients covered by non-commercial insurance were less likely to receive orders for, 

schedule, or complete stress tests compared to those with commercial insurance (Figure 3.1; 

adjusted odds ratios [aORs] ranging from 0.48 to 0.72 for non-commercial patients, all with 

P<0.001). Similarly, after adjustment, Medicaid/Health Safety Net and Medicare Dual/Disabled 

patients were less likely to receive orders for, schedule, or complete cardiology referral visits 

than commercially insured patients (aORs ranging from 0.47 to 0.79 for non-commercial 

patients, all with P<0.001). 

In adjusted models, patients in all non-commercial insurance groups were less likely to 

complete procedural interventions for coronary artery disease within six months of their initial 

ED visits (aOR = 0.61, P<0.001 for Medicaid/Health Safety Net; aOR = 0.73, P<0.001 for 

Medicare; aOR = 0.53, P<0.001 for Medicare Dual/Disabled) (Figure 3.1). 

In models adjusted for age, sex, active clinical comorbidities, and language, 

Hispanic/Latino patients were less likely to receive orders for, schedule, or complete stress tests 

than Non-Hispanic White patients (aORs ranging from 0.77 to 0.79, P-values ranging from 0.01 

to 0.03) (Supplementary Figure 3.1). In adjusted models, Black patients were less likely to 
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receive orders for, schedule, or complete cardiology referral visits than Non-Hispanic White 

patients (aORs ranging from 0.73 to 0.78, all P<0.001). In adjusted models of procedure 

completion, Black and Hispanic/Latino patients were less likely to complete procedures, with 

aOR = 0.64 (P<0.001) and aOR = 0.73 (P = 0.02), respectively. When insurance payer was 

added to this adjusted model, the differences found for Black patients (lower rates of step 

completion) persisted. The differences found for Hispanic/Latino patients were attenuated after 

the addition of insurance payer as a covariate. 

Across all adjusted models, the magnitudes of adjusted odds ratios were similar between 

intermediate steps—ordering, scheduling, and completion—within both stress test and 

cardiology referral sequences, signaling minimal changes in adjusted odds ratios following the 

magnitudes established at initial ordering stages. 
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Figure 3.1. Adjusted Completion Rates for Cascade Steps by Patient Insurance Payer 

 
 
Figure 3.1 Legend: Completion rates of each cascade step are not conditional on completion of previous 
steps. Error bars represent 95% confidence intervals. 
 

Intermediate Cascade Steps 

Conditional on receiving a stress test order, patients covered by Medicaid/Health Safety 

Net and Medicare Dual/Disabled insurance were less likely to schedule and complete stress tests 

(aOR = 0.50 [P<0.001] and aOR = 0.53 [P<0.001] for Medicaid/Health Safety Net scheduling 

and completion; aOR = 0.60 [P = 0.004] and aOR = 0.62 [P = 0.002] for Medicare Dual/Disabled 

scheduling and completion) (Figure 3.2). A similar pattern was found for the cardiology referral 

visit cascade. Conditional on receiving a cardiology referral order, patients covered by 
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Medicaid/Health Safety Net were less likely to complete referral visits (aOR = 0.72 [P=0.04]) 

and patients covered by Medicare Dual/Disabled insurance were less likely to schedule or 

complete referral visits (aOR = 0.65 [P=0.009] and aOR = 0.61 [P=0.001] for scheduling and 

completion). 

In models adjusted for age, sex, active clinical comorbidities, and language, conditional 

on receiving an order for a stress test, Black patients who received a cardiology referral order 

remained less likely to schedule or complete referral visits than Non-Hispanic White patients 

(aOR = 0.59, P = 0.001 for scheduling; aOR = 0.69, P = 0.006 for completion). These reduced 

rates of completion persisted after including insurance payer as an additional model covariate. 

 

Figure 3.2. Adjusted Completion Rates of Cascade Steps by Patient Insurance Payer; 
Downstream Steps Conditional on Receiving Order 
 

 
 
Figure 3.2 Legend: Completion rates for scheduling and completion steps are conditional on receiving 
orders for the service of interest. Error bars represent 95% confidence intervals. 
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Stratification by Presenting Troponin Level 

When stratifying analyses by presenting troponin level (>1-3x elevated for "moderately 

elevated troponin" vs. >3x elevated for "highly elevated troponin"), a marker of clinical risk, 

similar patterns of differences in stress test and cardiology referral completion by insurance 

payer were found in both troponin level groups. In both analyses, patients with non-commercial 

insurance were less likely to complete stress tests (Figure 3.3; aORs ranging from 0.41 to 0.79 

for non-commercial patients, all P≤0.001) than patients with commercial insurance. Likewise, in 

both analyses, patients with non-commercial insurance were less likely to complete cardiology 

referral visits (aORs ranging from 0.36 to 0.86 for non-commercial patients, all P≤0.007) than 

patients with commercial insurance. 

Non-commercially insured patients in both troponin level groups were less likely to 

complete a procedure within six months of the ED visit compared to commercially insured 

patients, except for Medicare patients with Medicare and Medicaid/Health Safety Net coverage 

in the moderately elevated troponin group (aOR = 0.90, P = 0.41 for Medicare; aOR = 0.73, P = 

0.06 for Medicaid/Health Safety Net). In the moderately elevated troponin group, the aOR for 

procedure completion was 0.65 (P = 0.009) for Medicare Dual/Disabled patients. In the highly 

elevated troponin group, aORs for procedure completion were 0.49, 0.66, and 0.43 for 

Medicaid/Health Safety Net, Medicare, and Medicare Dual/Disabled patients, respectively (all 

P<0.001). 
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Figure 3.3. Adjusted Completion Rates of Cascade Steps by Insurance Payer; Stratified by 
Presenting Troponin Level 
 

 
 
Figure 3.3 Legend: Error bars represent 95% confidence intervals. 
Panel A: Moderately Elevated Troponin (>1-3x above reference limit) 
Panel B: Highly Elevated Troponin (>3x above reference limit) 
 

Sensitivity Analyses 

Findings were not sensitive to additional covariates included in sensitivity analyses, 

including indicator variables (fixed effects) for emergency department of presentation, calendar 

month fixed effects, month-year fixed effects, fixed effects for patients’ 5-digit ZIP code of 

residence, and patients’ education levels. Findings were not sensitive to the additional restriction 
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to patients of intermediate risk or higher (65 years or older and in the Highly Elevated Troponin 

group) using the HEART score. 

 

3.4 Discussion 

There were significant insurance and racial/ethnic disparities in the completion of 

cardiovascular follow-up services for patients visiting emergency departments with elevated 

troponin levels from 2017 to 2022. Across the services examined – stress tests, cardiology 

referrals, and interventional procedures for coronary artery disease – disruptions in the cascade 

were apparent at varying stages for different patient groups, unveiling a multifaceted landscape 

of continuity and disruption in follow-up rather than one factor uniformly explaining differences 

in completion. 

For stress tests, cardiology referrals, and coronary interventions, patients with non-

commercial insurance (Medicaid/Health Safety Net, Medicare, or Medicare Dual/Disabled) 

received substantially fewer follow-up cardiovascular services than commercially insured 

patients. These findings persisted in models additionally adjusting for age, sex, active clinical 

comorbidities, race/ethnicity, and language. Differences in completion of steps in the stress test 

cascade were driven by disparities in receiving an order as well as downstream scheduling and 

completion challenges following receipt of an order. Disparities in the cardiology referral visit 

cascade followed a similar pattern, arising from differential ordering rates as well as scheduling 

and completion rates conditional on receiving an order. 

Racial/ethnic differences in follow-up care completion were also observed. Compared to 

Non-Hispanic White patients and in adjusted models, Hispanic/Latino patients were less likely to 

complete stress tests and Black patients were less likely to complete cardiology referral visits. 
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Both Hispanic/Latino and Black patients were less likely to receive procedural interventions for 

coronary artery disease. Stress test differences by racial/ethnic subgroups were driven primarily 

by differences in rates of receiving stress test orders. In contrast, referral completion differences 

were driven by differences in rates of receiving cardiology referral orders, but also by differences 

in rates of scheduling or completing a referral visit, conditional on receiving a referral order. 

Insurance payer only partially mediated the effect of race/ethnicity on follow-up care 

completion; some racial/ethnic differences were attenuated or eliminated when insurance payer 

was additionally included in the base adjusted models, while other differences persisted. For 

example, with insurance payer included as a covariate, the reduced procedure completion rates 

for Hispanic/Latino patients were no longer observed, while Black patients continued to receive 

fewer procedural interventions after adjusting for insurance payer. Insurance payer may be a 

proxy for other social determinants of health that are associated with race/ethnicity, such as 

income, education, or neighborhood characteristics. 

This study highlights the persistent challenges faced by non-commercially insured and 

non-White patients throughout cardiovascular care cascades of care following an ED visit. The 

observed differences in cascade completion were not consistently explained by factors such as 

time, emergency department, zip code, comorbidities, or demographics. Furthermore, differences 

remained present among patients with notably elevated troponin levels, challenging conventional 

assumptions that heightened clinical risk might prompt comprehensive care and mitigate 

disparities. The study findings are consistent with national patterns of differences in receipt of 

care by race/ethnicity, while underscoring the complex interplay between insurance, 

race/ethnicity, and healthcare utilization along multistep cascades of care.5,7 
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One challenge in interpreting the differences in rates of service completion is to 

determine whether differences are due to appropriate clinical decision-making based on the 

relative risks of patients, or rather to disparities, whether societal or practice-originating. The 

persistence of differences after adjusting for characteristics tied to clinical risk, such as active 

clinical comorbidities, age, sex, and presenting troponin level, suggests that differences in 

baseline clinical risk factors alone may not explain the observed differences. Additionally, 

patients with non-commercial insurance and non-White race/ethnicity may have had higher 

baseline clinical risk (suggesting the need for follow-up) than patients with commercial 

insurance and White race/ethnicity, as judged by their higher proportions of highly elevated 

troponin levels, admissions to inpatient stay, and mortality within six months of ED discharge. 

Moreover, findings did not change substantively in sensitivity analyses restricted to patients at 

intermediate or higher baseline risk, who clinical guidelines suggest should receive follow-up 

diagnostic imaging but did not.23 However, unmeasured confounding may still be present. 

Given that no patients in this study had established cardiology care or ischemic cardiac 

diagnoses prior to the ED visit, these analyses suggest that patients with non-commercial 

insurance and non-White race/ethnicity would benefit from follow-up cardiovascular care at least 

as much as patients with commercial insurance and White race/ethnicity. Taken together, 

findings suggest remaining gaps in the quality and equity of cardiovascular follow-up care for 

patients of varying insurance payers and race/ethnicity subgroups found to have elevated 

troponin levels in the ED. 

By dissecting care cascades and scrutinizing disparities at each stage, this study provides 

insights toward tailoring interventions to promote equitable access to care. Ordering rates were 

major drivers of follow-up care completion, but some groups also faced barriers after receiving 
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orders. For example, even after receiving orders for the relevant services, non-commercially 

insured patients had lower stress test scheduling and completion rates for stress tests, and non-

commercially insured and Black patients had lower scheduling and completion rates for 

cardiology referral visits. The variation in drivers of completion across services and patient 

groups underscores the nuanced nature of disparities in health care access, necessitating a 

comprehensive approach to narrowing inequalities. For instance, interventions to reduce 

disparities in ordering rates would localize more to the training clinicians, and thus to strategies 

improving ordering practices, professional guidelines, or clinical decision support. However, 

potential interventions to address deficits in downstream scheduling and completion might 

include reducing service costs, providing transportation vouchers or telemedicine options, 

offering flexible scheduling options and tailored reminders, and providing better patient 

education and counseling. These interventions may require varying levels of collaboration and 

coordination among different stakeholders, such as providers, insurers, policymakers, and 

community organizations. 

Future research should apply this analytic framework to diverse healthcare settings, 

exploring contextual nuances and underlying mechanisms that contribute to disparities in 

completion of care cascades in other systems. Future research should also evaluate the 

effectiveness and cost-effectiveness of tailored interventions to improve the quality and equity of 

follow-up care for patients with cardiovascular follow-up needs. 

Limitations 

There were limitations to this study. The study used data from one academic healthcare 

system, which may limit the generalizability of findings to other settings and populations. The 

retrospective study design may have introduced unmeasured confounding variables that could 
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affect observed associations between insurance, race/ethnicity, and follow-up care completion. 

Specifically, there may have been remaining unobservable clinical risk. This study did not 

measure follow-up services received outside of the specified cardiovascular services, such as 

patient portal messages, phone calls, or visits to primary care physicians. 

Conclusion 

This study advances understanding of the complex interplay between insurance payer, 

race/ethnicity, and completion rates of cardiovascular follow-up services among patients who 

visit the ED with an elevated troponin level. The study reveals significant disparities in the 

ordering, scheduling, and completion of stress tests, cardiology referral visits, and procedural 

interventions across different insurance and racial/ethnic groups. The study also finds that 

insurance payer is a major determinant of access to and utilization of follow-up care services, 

regardless of clinical risk factors and sometimes mediating racial/ethnic differences in this 

healthcare system. By understanding and addressing the disparities in quality and equity of care 

at each stage of the follow-up care cascade, interventions can be better tailored to improve health 

care access, patient outcomes, and health care utilization and completion for patients with 

cardiovascular disease. 

 



 70 

References 

4.1 References for Chapter One 

1. 2022 National Healthcare Quality and Disparities Report. Agency for Healthcare Research and 
Quality; 2023. https://www.ahrq.gov/research/findings/nhqrdr/nhqdr22/index.html 

2. Dwyer-Lindgren L, Bertozzi-Villa A, Stubbs RW, et al. Inequalities in Life Expectancy Among US 
Counties, 1980 to 2014: Temporal Trends and Key Drivers. JAMA Intern Med. 2017;177(7):1003. 
doi:10.1001/jamainternmed.2017.0918 

3. Cullen MR, Cummins C, Fuchs VR. Geographic and Racial Variation in Premature Mortality in the 
U.S.: Analyzing the Disparities. Caylà JA, ed. PLoS ONE. 2012;7(4):e32930. 
doi:10.1371/journal.pone.0032930 

4. Institute of Medicine (U.S.) Committee on Monitoring Access to Personal Health Care Services. 
Access to Health Care in America. National Academies Press; 1993. 

5. Moy E, Garcia MC, Bastian B, et al. Leading Causes of Death in Nonmetropolitan and Metropolitan 
Areas— United States, 1999–2014. MMWR Surveill Summ. 2017;66(1):1-8. 
doi:10.15585/mmwr.ss6601a1 

6. Singh GK, Siahpush M. Widening Rural–Urban Disparities in All-Cause Mortality and Mortality 
from Major Causes of Death in the USA, 1969–2009. J Urban Health. 2014;91(2):272-292. 
doi:10.1007/s11524-013-9847-2 

7. Spencer JC, Wheeler SB, Rotter JS, Holmes GM. Decomposing Mortality Disparities in Urban and 
Rural U.S. Counties. Health Serv Res. 2018;53(6):4310-4331. doi:10.1111/1475-6773.12982 

8. Bodenheimer T, Pham HH. Primary Care: Current Problems And Proposed Solutions. Health Affairs. 
2010;29(5):799-805. doi:10.1377/hlthaff.2010.0026 

9. Johnston KJ, Wen H, Joynt Maddox KE. Lack Of Access To Specialists Associated With Mortality 
And Preventable Hospitalizations Of Rural Medicare Beneficiaries. Health Affairs. 
2019;38(12):1993-2002. doi:10.1377/hlthaff.2019.00838 

10. Gunja MZ, Gumas ED, Williams II RD. U.S. Health Care from a Global Perspective, 2022: 
Accelerating Spending, Worsening Outcomes. Published online 2023. doi:10.26099/8EJY-YC74 

11. Health Resources & Services Administration (HRSA). Primary Care Workforce Projections.; 2022. 

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

13. Ricketts TC, Randolph R. The Diffusion Of Physicians. Health Affairs. 2008;27(5):1409-1415. 
doi:10.1377/hlthaff.27.5.1409 

14. Rosenthal MB, Zaslavsky A, Newhouse JP. The Geographic Distribution of Physicians Revisited. 
Health Serv Res. 2005;40(6p1):1931-1952. doi:10.1111/j.1475-6773.2005.00440.x 



 71 

15. Gong G, Phillips SG, Hudson C, Curti D, Philips BU. Higher US Rural Mortality Rates Linked To 
Socioeconomic Status, Physician Shortages, And Lack Of Health Insurance. Health Affairs. 
2019;38(12):2003-2010. doi:10.1377/hlthaff.2019.00722 

16. Burfield WB, Hough DE, Marder WD. Location of medical education and choice of location of 
practice: Academic Medicine. 1986;61(7):545-554. doi:10.1097/00001888-198607000-00001 

17. Seifer SD, Vranizan K, Grumbach K. Graduate medical education and physician practice location. 
Implications for physician workforce policy. JAMA. 1995;274(9):685-691. 

18. Gottlieb J, Polyakova M, Rinz K, Shiplett H, Udalova V. Who Values Human Capitalists’ Human 
Capital? The Earnings and Labor Supply of U.S. Physicians. Published online July 2023. 
doi:10.3386/w31469 

19. Accreditation Council for Graduate Medical Education (ACGME). ACGME Milestones: Overview. 
https://www.acgme.org/milestones/overview/ 

20. Nasca TJ, Philibert I, Brigham T, Flynn TC. The Next GME Accreditation System — Rationale and 
Benefits. N Engl J Med. 2012;366(11):1051-1056. doi:10.1056/NEJMsr1200117 

21. Accreditation Council for Graduate Medical Education (ACGME). About the ACGME. Published 
online 2023. https://www.acgme.org/about/overview/ 

22. National Plan and Provider Enumeration System (NPPES) Downloadable File. The Centers for 
Medicare & Medicaid Services. Accessed January 12, 2022. 
https://download.cms.gov/nppes/NPI_Files.html 

23. United States Census Bureau. Data & Maps. Published online March 13, 2023. 
https://www.census.gov/data/data-tools.html 

24. Falcettoni E. The Determinants of Physicians’ Location Choice: Understanding the Rural Shortage. 
Published online 2018. doi:10.2139/ssrn.3493178 

25. Alsan M, Garrick O, Graziani G. Does Diversity Matter for Health? Experimental Evidence from 
Oakland. American Economic Review. 2019;109(12):4071-4111. doi:10.1257/aer.20181446 

26. Greenwood BN, Carnahan S, Huang L. Patient–physician gender concordance and increased 
mortality among female heart attack patients. Proc Natl Acad Sci USA. 2018;115(34):8569-8574. 
doi:10.1073/pnas.1800097115 

27. Agency for Healthcare Research and Quality (AHRQ). Measuring the Quality of Physician Care. 
Published online September 2019. 
https://www.ahrq.gov/talkingquality/measures/setting/physician/index.html 

28. Agency for Healthcare Research and Quality (AHRQ). Major Physician Measurement Sets. 
Published online January 2023. 
https://www.ahrq.gov/talkingquality/measures/setting/physician/measurement-sets.html 

29. About CAHPS. Accessed November 24, 2021. https://www.ahrq.gov/cahps/about-cahps/index.html 

  



 72 

4.2 References for Chapter Two 

1. Sun M, Cole AP, Lipsitz SL, Trinh QD. Trends in Breast, Colorectal, and Cervical Cancer Incidence 
Following the Affordable Care Act: Implications for Cancer Screening. JAMA Oncol. 2018;4(1):128. 
doi:10.1001/jamaoncol.2017.3861 

2. Mobley LR, Kuo TM. United States Health Policies and Late-stage Breast and colorectal cancer 
diagnosis: Why such disparities by age? Health Econ Rev. 2015;5(1):20. doi:10.1186/s13561-015-
0058-2 

3. Berry DA, Cronin KA, Plevritis SK, et al. Effect of Screening and Adjuvant Therapy on Mortality 
from Breast Cancer. N Engl J Med. 2005;353(17):1784-1792. doi:10.1056/NEJMoa050518 

4. Plevritis SK, Munoz D, Kurian AW, et al. Association of Screening and Treatment With Breast 
Cancer Mortality by Molecular Subtype in US Women, 2000-2012. JAMA. 2018;319(2):154. 
doi:10.1001/jama.2017.19130 

5. Meester RGS, Doubeni CA, Lansdorp-Vogelaar I, et al. Colorectal cancer deaths attributable to 
nonuse of screening in the United States. Annals of Epidemiology. 2015;25(3):208-213.e1. 
doi:10.1016/j.annepidem.2014.11.011 

6. Stock C, Knudsen AB, Lansdorp-Vogelaar I, Haug U, Brenner H. Colorectal cancer mortality 
prevented by use and attributable to nonuse of colonoscopy. Gastrointestinal Endoscopy. 
2011;73(3):435-443.e5. doi:10.1016/j.gie.2010.12.005 

7. Cancer Facts & Figures 2021: American Cancer Society. American Cancer Society; 2021:72. 

8. Recommendation: Breast Cancer Screening. United States Preventive Services Taskforce (USPSTF). 
Accessed January 12, 2022. 
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/breast-cancer-screening 

9. Oeffinger KC, Fontham ETH, Etzioni R, et al. Breast Cancer Screening for Women at Average Risk: 
2015 Guideline Update From the American Cancer Society. JAMA. 2015;314(15):1599. 
doi:10.1001/jama.2015.12783 

10. Breast Cancer Risk Assessment and Screening in Average-Risk Women. The American College of 
Obstetricians and Gynecologists. Accessed January 12, 2022. 
https://www.acog.org/en/clinical/clinical-guidance/practice-bulletin/articles/2017/07/breast-cancer-
risk-assessment-and-screening-in-average-risk-women 

11. Qaseem A, Lin JS, Mustafa RA, Horwitch CA, Wilt TJ, for the Clinical Guidelines Committee of the 
American College of Physicians. Screening for Breast Cancer in Average-Risk Women: A Guidance 
Statement From the American College of Physicians. Ann Intern Med. 2019;170(8):547. 
doi:10.7326/M18-2147 

12. Lin JS, Perdue LA, Henrikson NB, Bean SI, Blasi PR. Screening for Colorectal Cancer: Updated 
Evidence Report and Systematic Review for the US Preventive Services Task Force. JAMA. 
2021;325(19):1978. doi:10.1001/jama.2021.4417 

13. Qaseem A, Crandall CJ, Mustafa RA, Hicks LA, Wilt TJ, for the Clinical Guidelines Committee of 
the American College of Physicians. Screening for Colorectal Cancer in Asymptomatic Average-Risk 



 73 

Adults: A Guidance Statement From the American College of Physicians. Ann Intern Med. 
2019;171(9):643. doi:10.7326/M19-0642 

14. Wolf AMD, Fontham ETH, Church TR, et al. Colorectal cancer screening for average-risk adults: 
2018 guideline update from the American Cancer Society: ACS Colorectal Cancer Screening 
Guideline. CA: A Cancer Journal for Clinicians. 2018;68(4):250-281. doi:10.3322/caac.21457 

15. Rex DK, Boland CR, Dominitz JA, et al. Colorectal Cancer Screening: Recommendations for 
Physicians and Patients From the U.S. Multi-Society Task Force on Colorectal Cancer. 
Gastroenterology. 2017;153(1):307-323. doi:10.1053/j.gastro.2017.05.013 

16. May DS, Kiefe CI, Funkhouser E, Fouad MN. Compliance with mammography guidelines: physician 
recommendation and patient adherence. Prev Med. 1999;28(4):386-394. 
doi:10.1006/pmed.1998.0443 

17. Hall IJ, Tangka FKL, Sabatino SA, Thompson TD, Graubard BI, Breen N. Patterns and Trends in 
Cancer Screening in the United States. Prev Chronic Dis. 2018;15:170465. 
doi:10.5888/pcd15.170465 

18. Fox SA. The Impact of Physician Compliance on Screening Mammography for Older Women. Arch 
Intern Med. 1991;151(1):50. doi:10.1001/archinte.1991.00400010074009 

19. Schueler KM, Chu PW, Smith-Bindman R. Factors Associated with Mammography Utilization: A 
Systematic Quantitative Review of the Literature. Journal of Women’s Health. 2008;17(9):1477-1498. 
doi:10.1089/jwh.2007.0603 

20. Brawarsky P, Brooks DR, Mucci LA, Wood PA. Effect of physician recommendation and patient 
adherence on rates of colorectal cancer testing. Cancer Detection and Prevention. 2004;28(4):260-
268. doi:10.1016/j.cdp.2004.04.006 

21. Holt WS. Factors affecting compliance with screening sigmoidoscopy. J Fam Pract. 1991;32(6):585-
589. 

22. Lewis SF, Jensen NM. Screening sigmoidoscopy: Factors associated with utilization. J Gen Intern 
Med. 1996;11(9):542-544. doi:10.1007/BF02599602 

23. Elmore JG, Lee CI. Screening for breast cancer: Strategies and recommendations. In: UpToDate. ; 
2021. https://www.uptodate.com/contents/screening-for-breast-cancer-strategies-and-
recommendations 

24. Doubeni CA. Screening for colorectal cancer: Strategies in patients at average risk. In: UpToDate. ; 
2021. https://www.uptodate.com/contents/screening-for-colorectal-cancer-strategies-in-patients-at-
average-risk 

25. Hsiang EY, Mehta SJ, Small DS, et al. Association of Primary Care Clinic Appointment Time With 
Clinician Ordering and Patient Completion of Breast and Colorectal Cancer Screening. JAMA Netw 
Open. 2019;2(5):e193403. doi:10.1001/jamanetworkopen.2019.3403 

26. Lurie N, Slater J, McGovern P, Ekstrum J, Quam L, Margolis K. Preventive care for women. Does 
the sex of the physician matter? N Engl J Med. 1993;329(7):478-482. 
doi:10.1056/NEJM199308123290707 



 74 

27. Meissner HI, Klabunde CN, Han PK, Benard VB, Breen N. Breast cancer screening beliefs, 
recommendations and practices: primary care physicians in the United States. Cancer. 
2011;117(14):3101-3111. doi:10.1002/cncr.25873 

28. Tversky A, Kahneman D. Judgment under Uncertainty: Heuristics and Biases: Biases in judgments 
reveal some heuristics of thinking under uncertainty. Science. 1974;185(4157):1124-1131. 
doi:10.1126/science.185.4157.1124 

29. Tversky A, Kahneman D. Availability: A heuristic for judging frequency and probability. Cognitive 
Psychology. 1973;5(2):207-232. doi:10.1016/0010-0285(73)90033-9 

30. Bordalo P, Gennaioli N, Shleifer A. Salience Theory of Choice Under Risk. The Quarterly Journal of 
Economics. 2012;127(3):1243-1285. doi:10.1093/qje/qjs018 

31. Fudenberg D, Levine DK. Recency, consistent learning, and Nash equilibrium. Proceedings of the 
National Academy of Sciences. 2014;111(Supplement_3):10826-10829. 
doi:10.1073/pnas.1400987111 

32. Doctor JN, Nguyen A, Lev R, et al. Opioid prescribing decreases after learning of a patient’s fatal 
overdose. Science. 2018;361(6402):588-590. doi:10.1126/science.aat4595 

33. Keating NL, James O’Malley A, Onnela JP, Landon BE. Assessing the impact of colonoscopy 
complications on use of colonoscopy among primary care physicians and other connected physicians: 
an observational study of older Americans. BMJ Open. 2017;7(6):e014239. doi:10.1136/bmjopen-
2016-014239 

34. Ly DP. The Influence of the Availability Heuristic on Physicians in the Emergency Department. Ann 
Emerg Med. 2021;78(5):650-657. doi:10.1016/j.annemergmed.2021.06.012 

35. Han D, Khadka A, McConnell M, Cohen J. Association of Unexpected Newborn Deaths With 
Changes in Obstetric and Neonatal Process of Care. JAMA Netw Open. 2020;3(12):e2024589. 
doi:10.1001/jamanetworkopen.2020.24589 

36. Singh M. Heuristics in the delivery room. Science. 2021;374(6565):324-329. 
doi:10.1126/science.abc9818 

37. Choudhry NK, Anderson GM, Laupacis A, Ross-Degnan D, Normand SLT, Soumerai SB. Impact of 
adverse events on prescribing warfarin in patients with atrial fibrillation: matched pair analysis. BMJ. 
2006;332(7534):141-145. doi:10.1136/bmj.38698.709572.55 

38. NH Comprehensive Health Care Information System. Accessed January 12, 2022. https://nhchis.com/ 

39. Maine Health Data Organization. Accessed January 12, 2022. https://mhdo.maine.gov/ 

40. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP. The Strengthening 
the Reporting of Observational Studies in Epidemiology (STROBE) statement: guidelines for 
reporting observational studies. Journal of Clinical Epidemiology. 2008;61(4):344-349. 
doi:10.1016/j.jclinepi.2007.11.008 

41. Original Medicare (Part A and B) Eligibility and Enrollment | CMS. The Centers for Medicare & 
Medicaid Services. Accessed January 12, 2022. https://www.cms.gov/Medicare/Eligibility-and-
Enrollment/OrigMedicarePartABEligEnrol 



 75 

42. An Overview of Medicare. Kaiser Family Foundation; 2019. Accessed January 12, 2022. 
https://www.kff.org/medicare/issue-brief/an-overview-of-medicare/ 

43. Pollack CE, Hussey PS, Rudin RS, Fox DS, Lai J, Schneider EC. Measuring Care Continuity: A 
Comparison of Claims-based Methods. Med Care. 2016;54(5):e30-34. 
doi:10.1097/MLR.0000000000000018 

44. Schwartz AL, Jena AB, Zaslavsky AM, McWilliams JM. Analysis of Physician Variation in Provision 
of Low-Value Services. JAMA Intern Med. 2019;179(1):16-25. 
doi:10.1001/jamainternmed.2018.5086 

45. Sabety AH, Jena AB, Barnett ML. Changes in Health Care Use and Outcomes After Turnover in 
Primary Care. JAMA Intern Med. 2021;181(2):186-194. doi:10.1001/jamainternmed.2020.6288 

46. Nattinger AB, Laud PW, Bajorunaite R, Sparapani RA, Freeman JL. An algorithm for the use of 
Medicare claims data to identify women with incident breast cancer. Health Serv Res. 2004;39(6 Pt 
1):1733-1749. doi:10.1111/j.1475-6773.2004.00315.x 

47. Rolnick SJ, Hart G, Barton MB, et al. Comparing breast cancer case identification using HMO 
computerized diagnostic data and SEER data. Am J Manag Care. 2004;10(4):257-262. 

48. Quantin C, Benzenine E, Hägi M, et al. Estimation of National Colorectal-Cancer Incidence Using 
Claims Databases. Journal of Cancer Epidemiology. 2012;2012:1-7. doi:10.1155/2012/298369 

49. National Plan and Provider Enumeration System (NPPES) Downloadable File. The Centers for 
Medicare & Medicaid Services. Accessed January 12, 2022. 
https://download.cms.gov/nppes/NPI_Files.html 

50. Provider Data Catalog. Accessed November 24, 2021. https://data.cms.gov/provider-
data/topics/hospitals/about-data 

51. Deshpande M, Li Y. Who Is Screened Out? Application Costs and the Targeting of Disability 
Programs. American Economic Journal: Economic Policy. 2019;11(4):213-248. 
doi:10.1257/pol.20180076 

52. Fadlon I, Nielsen TH. Family Health Behaviors. American Economic Review. 2019;109(9):3162-
3191. doi:10.1257/aer.20171993 

53. Angrist JD, Pischke JS. Mostly Harmless Econometrics: An Empiricist’s Companion. Princeton 
University Press; 2009. 

54. Etzioni DA, Yano EM, Rubenstein LV, et al. Measuring the Quality of Colorectal Cancer Screening: 
The Importance of Follow-Up. Diseases of the Colon & Rectum. 2006;49(7):1002-1010. 
doi:10.1007/s10350-006-0533-2 

55. Issaka RB, Singh MH, Oshima SM, et al. Inadequate Utilization of Diagnostic Colonoscopy 
Following Abnormal FIT Results in an Integrated Safety-Net System. Am J Gastroenterol. 
2017;112(2):375-382. doi:10.1038/ajg.2016.555 

56. Sarkar U, Simchowitz B, Bonacum D, et al. A Qualitative Analysis of Physician Perspectives on 
Missed and Delayed Outpatient Diagnosis: The Focus on System-Related Factors. The Joint 
Commission Journal on Quality and Patient Safety. 2014;40(10):461-AP1. doi:10.1016/S1553-
7250(14)40059-X 



 76 

57. Singh H, Daci K, Petersen LA, et al. Missed opportunities to initiate endoscopic evaluation for 
colorectal cancer diagnosis. Am J Gastroenterol. 2009;104(10):2543-2554. doi:10.1038/ajg.2009.324 

58. Partin MR, Burgess DJ, Burgess JF, et al. Organizational Predictors of Colonoscopy Follow-up for 
Positive Fecal Occult Blood Test Results: An Observational Study. Cancer Epidemiol Biomarkers 
Prev. 2015;24(2):422-434. doi:10.1158/1055-9965.EPI-14-1170 

59. Ivers N, Jamtvedt G, Flottorp S, et al. Audit and feedback: effects on professional practice and 
healthcare outcomes. Cochrane Effective Practice and Organisation of Care Group, ed. Cochrane 
Database of Systematic Reviews. Published online June 13, 2012. 
doi:10.1002/14651858.CD000259.pub3 

60. McNamara P, McNellis RJ. Making Physician Feedback Reports More Effective. NEJM Catalyst. 
Accessed January 12, 2022. https://catalyst.nejm.org/doi/full/10.1056/CAT.18.0287 

  



 77 

4.3 References for Chapter Three 

1. Tsao CW, Aday AW, Almarzooq ZI, et al. Heart Disease and Stroke Statistics—2022 Update: A 
Report From the American Heart Association. Circulation. 2022;145(8). 
doi:10.1161/CIR.0000000000001052 

2. Heart Disease Facts. Published online May 15, 2023. https://www.cdc.gov/heartdisease/facts.htm 

3. Institute of Medicine (IOM). Unequal Treatment: Confronting Racial and Ethnic Disparities in 
Healthcare. National Academies Press; 2002. 

4. Lillie-Blanton M, Rushing OE, Ruiz S, Boone L. Racial/Ethnic Differences in Cardiac Care: The 
Weight of the Evidence. Henry J. Kaiser Family Foundation, American College of Cardiology 
Foundation; 2002. 

5. Lillie-Blanton M, Maddox TM, Rushing O, Mensah GA. Disparities in Cardiac Care: Rising to the 
Challenge of Healthy People 2010. Journal of the American College of Cardiology. 2004;44(3):503-
508. doi:10.1016/j.jacc.2004.04.043 

6. Jha AK, Fisher ES, Li Z, Orav EJ, Epstein AM. Racial Trends in the Use of Major Procedures among 
the Elderly. N Engl J Med. 2005;353(7):683-691. doi:10.1056/NEJMsa050672 

7. Best MJ, McFarland EG, Thakkar SC, Srikumaran U. Racial Disparities in the Use of Surgical 
Procedures in the US. JAMA Surg. 2021;156(3):274. doi:10.1001/jamasurg.2020.6257 

8. Graham G. Disparities in Cardiovascular Disease Risk in the United States. CCR. 2015;11(3):238-
245. doi:10.2174/1573403X11666141122220003 

9. Landon BE, Hatfield LA, Bakx P, et al. Differences in Treatment Patterns and Outcomes of Acute 
Myocardial Infarction for Low- and High-Income Patients in 6 Countries. JAMA. 2023;329(13):1088. 
doi:10.1001/jama.2023.1699 

10. He J, Zhu Z, Bundy JD, Dorans KS, Chen J, Hamm LL. Trends in Cardiovascular Risk Factors in US 
Adults by Race and Ethnicity and Socioeconomic Status, 1999-2018. JAMA. 2021;326(13):1286. 
doi:10.1001/jama.2021.15187 

11. Havranek EP, Mujahid MS, Barr DA, et al. Social Determinants of Risk and Outcomes for 
Cardiovascular Disease: A Scientific Statement From the American Heart Association. Circulation. 
2015;132(9):873-898. doi:10.1161/CIR.0000000000000228 

12. Carnethon MR, Pu J, Howard G, et al. Cardiovascular Health in African Americans: A Scientific 
Statement From the American Heart Association. Circulation. 2017;136(21). 
doi:10.1161/CIR.0000000000000534 

13. Lurie N, Fremont A, Jain AK, et al. Racial and Ethnic Disparities in Care: The Perspectives of 
Cardiologists. Circulation. 2005;111(10):1264-1269. doi:10.1161/01.CIR.0000157738.12783.71 

14. McWilliams JM. Differences in Control of Cardiovascular Disease and Diabetes by Race, Ethnicity, 
and Education: U.S. Trends From 1999 to 2006 and Effects of Medicare Coverage. Ann Intern Med. 
2009;150(8):505. doi:10.7326/0003-4819-150-8-200904210-00005 



 78 

15. Sommers BD, Gawande AA, Baicker K. Health Insurance Coverage and Health — What the Recent 
Evidence Tells Us. N Engl J Med. 2017;377(6):586-593. doi:10.1056/NEJMsb1706645 

16. Newhouse JP. Free for All? Lessons from the Rand Health Insurance Experiment. Harvard University 
Press; 1993. 

17. Card D, Dobkin C, Maestas N. The Impact of Nearly Universal Insurance Coverage on Health Care 
Utilization: Evidence from Medicare. American Economic Review. 2008;98(5):2242-2258. 
doi:10.1257/aer.98.5.2242 

18. Ayanian JZ. Unmet Health Needs of Uninsured Adults in the United States. JAMA. 
2000;284(16):2061. doi:10.1001/jama.284.16.2061 

19. Hadley J. Sicker and Poorer—The Consequences of Being Uninsured: A Review of the Research on 
the Relationship between Health Insurance, Medical Care Use, Health, Work, and Income. Med Care 
Res Rev. 2003;60(2_suppl):3S-75S. doi:10.1177/1077558703254101 

20. Zhu J, Brawarsky P, Lipsitz S, Huskamp H, Haas JS. Massachusetts Health Reform and Disparities in 
Coverage, Access and Health Status. J GEN INTERN MED. 2010;25(12):1356-1362. 
doi:10.1007/s11606-010-1482-y 

21. Thygesen K, Alpert JS, Jaffe AS, et al. Fourth Universal Definition of Myocardial Infarction (2018). 
Circulation. 2018;138(20). doi:10.1161/CIR.0000000000000617 

22. Jaffe A, Morrow D. Troponin testing: Clinical use. In: UpToDate. ; 2023. 

23. Gulati M, Levy PD, Mukherjee D, et al. 2021 AHA/ACC/ASE/CHEST/SAEM/SCCT/SCMR 
Guideline for the Evaluation and Diagnosis of Chest Pain: A Report of the American College of 
Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines. 
Circulation. 2021;144(22). doi:10.1161/CIR.0000000000001029 

24. Mahler SA, Riley RF, Hiestand BC, et al. The HEART Pathway Randomized Trial: Identifying 
Emergency Department Patients With Acute Chest Pain for Early Discharge. Circ: Cardiovascular 
Quality and Outcomes. 2015;8(2):195-203. doi:10.1161/CIRCOUTCOMES.114.001384 

25. Backus BE, Six AJ, Kelder JC, et al. A prospective validation of the HEART score for chest pain 
patients at the emergency department. International Journal of Cardiology. 2013;168(3):2153-2158. 
doi:10.1016/j.ijcard.2013.01.255 

 



 79 

Supporting Materials 

5.1 Supporting Materials for Chapter One 

Supplementary Table 1.1. Competency Measures: Internal Medicine Programs, 2013-2021 
 

Competency Domain Competency Measure – ACGME Milestone Item 

Patient Care 

1. Gathers and synthesizes essential and accurate information to define each 
patient’s clinical problem(s). (PC1) 
2. Develops and achieves comprehensive management plan for each patient. 
(PC2) 
3. Manages patients with progressive responsibility and independence. 
(PC3) 
4. Skill in performing procedures. (PC4) 
5. Requests and provides consultative care. (PC5) 

Medical Knowledge 
6. Clinical knowledge (MK1) 
7. Knowledge of diagnostic testing and procedures. (MK2) 

System-Based Practice 

8. Works effectively within an interprofessional team (e.g. peers, 
consultants, nursing, ancillary professionals and other support personnel). 
(SBP1) 
9. Recognizes system error and advocates for system improvement. (SBP2) 
10. Identifies forces that impact the cost of health care, and advocates for, 
and practices cost‐effective care. (SBP3) 
11. Transitions patients effectively within and across health delivery 
systems. (SBP4) 

Practice-Based 
Learning and 
Improvement 

12. Monitors practice with a goal for improvement. (PBLI1) 
13. Learns and improves via performance audit. (PBLI2) 
14. Learns and improves via feedback. (PBLI3) 
15. Learns and improves at the point of care. (PBLI4) 

Professionalism 

16. Has professional and respectful interactions with patients, caregivers and 
members of the interprofessional team (e.g., peers, consultants, nursing, 
ancillary professionals and support personnel). (PROF1) 
17. Accepts responsibility and follows through on tasks. (PROF2) 
18. Responds to each patient’s unique characteristics and needs. (PROF3) 
19. Exhibits integrity and ethical behavior in professional conduct. (PROF4) 

Interpersonal and 
Communication Skills 

20. Communicates effectively with patients and caregivers. (ICS1) 
21. Communicates effectively in interprofessional teams (e.g., peers, 
consultants, nursing, ancillary professionals and other support personnel). 
(ICS2) 
22. Appropriate utilization and completion of health records. (ICS3) 

 
For illustration, Supplementary Table 1.1 includes the set of Milestone items for Internal Medicine 
training programs. Internal Medicine Milestone items from 2013-2021 are reported, as there were slight 
differences in Internal Medicine Milestone items between 2013-2021 and 2021-after.  
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Supplementary Figure 1.1. Distributions of Final Year Competency Scores by Specialty 
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Supplementary Figure 1.2. National Models: Predicted Means per Competency Score Decile 
 

 
 
Deciles of competency score are represented from left to right along the x-axis, from decile 1 (lowest) to 
decile 10 (highest). All specialties (N=129,938). 
 
 
Supplementary Figure 1.3. Within-State Models: Predicted Means per Competency Score 
Decile 
 

 
 
Deciles of competency score are represented from left to right along the x-axis, from decile 1 (lowest) to 
decile 10 (highest). All specialties (N=129,938).  
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Supplementary Figure 1.4. Within-Program Models: Predicted Means per Competency Score 
Decile 

 

 
 
Deciles of competency score are represented from left to right along the x-axis, from decile 1 (lowest) to 
decile 10 (highest). All specialties (N=129,938). 
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5.2 Supporting Materials for Chapter Two 

 

Supplementary Methods 

A. Identification of Primary Care Physicians and Visits 

Primary care physicians (PCPs) were identified using taxonomy codes indicated by the 

Centers for Medicare and Medicaid Services (CMS) to represent primary care specialties 

(Supplementary Table 2.1). 

B. Identification of New Diagnoses of Breast Cancer and Colorectal Cancer 

New diagnoses of breast cancer and colorectal cancer were identified using International 

Classification of Disease (ICD) and Common Procedural Terminology (CPT)/Healthcare 

Common Procedure Coding System (HCPCS) codes (Supplementary Table 2.2). Beneficiaries 

were identified who had at least one qualifying cancer diagnosis code (ICD) and at least one 

procedure code (CPT/HCPCS) in their claims, where the earliest claim with a code of interest 

was not preceded by any diagnosis or procedure codes of interest in the prior year. Month of new 

cancer diagnosis (“diagnosis month”) was marked as the earliest month where an applicable code 

was present. 

The month of interest in this study was the month of a given PCP’s first incidence of 

exposure to a new cancer diagnosis among his or her patients. To ensure that exposures were 

recorded as early as applicable, the exposure month was calculated as either a) the earliest 

diagnosis month or b) the month of a relevant preventive cancer screening if the screening 

occurred in the two months immediately prior to the earliest diagnosis month (i.e., the month 

identified in (a)). Qualifying ICD codes, CPT/HCPCS codes, and algorithms for identifying new 
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diagnoses were adapted from previously validated claims-based algorithms.1–3 Months of 

exposure were converted to quarters of exposure for the final aggregated analysis. 

C. Preventive Cancer Screenings 

Preventive screenings for breast cancer and colorectal cancer were identified using ICD 

and CPT/HCPCS codes (screening or diagnostic; Supplementary Table 2.3). 

D. Stacked Difference-in-Differences Sample and Study Design4,5 

In the stacked difference-in-differences analytical structure, the study sample is restricted 

to PCPs who are exposed at some point in the data period (i.e., no “never-exposed” PCPs). The 

exposure of interest is the first incidence of a new diagnosis of breast or colorectal cancer in a 

PCP’s patient. In each quarter, a “currently-exposed” PCP represents a PCP who is exposed to a 

new cancer diagnosis in that quarter. A “future-exposed” PCPs represents a PCP who is not 

exposed to a new cancer diagnosis in that quarter, but who will be exposed to a new cancer 

diagnosis later in the study period (greater than four quarters in the future). In the stacked 

difference-in-differences model, the pre-exposure period for future-exposed PCPs is used as a 

comparison for currently-exposed PCPs. 

To construct the analytical dataset, for a given quarter, I denote PCPs who experience an 

exposure in the current quarter as treatment PCPs, and PCPs who experience an exposure in the 

future (more than 4 quarters in the future) as comparison PCPs (Supplementary Figure 2.1). The 

sample was constructed by repeating this procedure for each of the 84 quarters over the entire 

data period, then appending the resulting quarter-specific datasets into one dataset. Note that 

PCPs can only be in the treatment group in one quarter (PCP’s quarter of earliest exposure to a 

new cancer diagnosis) but can be in the comparison group in multiple quarters. Thus, the sum of 
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currently-exposed PCPs and future-exposed PCPs (Supplementary Table 2.4) is greater than the 

number of individual PCPs in the study sample. 

To exclude outlier physicians with few attributed patients, physicians in the lowest fifth 

percentile of patient panel size were excluded. In the breast cancer analysis, the mean annual 

patient panel size for PCPs in the lowest fifth percentile of panel size was 38.7 patients (SD = 

4.7). In the colorectal cancer analysis, the mean annual patient panel size for PCPs in the lowest 

fifth percentile of panel size was 54.4 patients (SD = 10.8). 

The outcome measure was calculated at the PCP-quarter level, representing the 

proportion of patients who visited a PCP in a given quarter who received a relevant cancer 

screening within a year of that PCP visit. The stacked difference-in-differences model calculated 

the difference between treatment and comparison PCPs in screening rates (outcome measure) 

before vs. after exposure to a new cancer diagnosis. The quarter of exposure (relative quarter 0) 

was included in the exposure period because it is possible for some effect to already occur during 

the quarter of exposure. The model included a vector of calendar month indicator variables 

(calendar month fixed effects), year indicator variables (year fixed effects), and PCP indicator 

variables (PCP fixed effects). 

Additionally, I estimated a “relative quarter” version of the main model, where each 

relative quarter coefficient represented the difference between treatment and comparison PCPs in 

screening rates in that quarter relative to the quarter prior to exposure to a new cancer diagnosis 

(relative quarter -1). 

Subgroup analyses, which estimated the relative effect sizes of subgroups of PCP 

characteristics, were estimated through the coefficient of an interaction term between the 
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subgroup characteristic of interest (as an indicator variable) and the main model effect 

coefficient. 

All models were estimated using robust standard errors clustered at the PCP level. 

E. Tests of Pre-Exposure Parallel Trends  

An identifying assumption for difference-in-differences requires that in the absence of 

study exposure, differences in outcomes for the treatment and comparison PCP groups would 

remain constant over time. Though this assumption cannot be explicitly tested, a test of pre-

exposure parallel trends can aid in examining the likelihood that it holds. I tested for differential 

changes between treatment and comparison groups prior to exposure, using F-tests of pre-

exposure coefficients, where a null finding provides support for parallel trends (by signifying 

there is no evidence to reject the null of parallel trends). Null findings demonstrate that the 

differences in outcomes for these groups were not showing significant signs of deviating from 

each other for a considerable period before exposure (-Q4 through -Q1). Specifically, the test 

assessed whether the difference-in-difference between relative quarters -Q4, -Q3, -Q2, and -Q1 

(pre-exposure, i.e., before Q0) was different for PCPs who would be treated at Q0 (treatment, 

currently-exposed PCPs) vs. PCPs who would be treated later than Q0 (comparison, future-

exposed PCPs). As noted previously, Q0 was included in the exposure period because it is 

possible for some effect to already occur during the quarter of exposure. 

F. Falsification Tests for Breast Cancer and Colorectal Cancer Analyses 

In the breast cancer falsification test, colorectal cancer diagnoses were used as index 

events for breast cancer screening rates in the stacked DD model as specified in the main breast 

cancer analysis. In the colorectal cancer falsification test, breast cancer diagnoses were used as 
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index events for colorectal cancer screening rates in the stacked DD model as specified in the 

main colorectal cancer analysis. Results are included in Supplementary Table 2.5. 

G. Sensitivity Analyses and Additional Analyses 

I conducted additional analyses using varying specifications, including sample and 

exposure criteria, as detailed below. 

Analyses: 

1. Using calendar quarter indicators instead of calendar month indicators (Supplementary 
Table 2.6). 

2. Using quarter indicators instead of year indicators (Supplementary Table 2.6). 

3. Using month indicators instead of quarter indicators (Supplementary Table 2.6). 

4. Including all PCPs rather than excluding PCPs in the lowest fifth percentile of panel size 
(Supplementary Table 2.6). 

5. Using varying analytical windows of analysis (+/- 3 quarters, +/- 5 quarters, +/- 8 
quarters (Supplementary Table 2.6; more detailed results for +/- 8 quarters in 
Supplementary Table 2.12). 

6. Restricting outcome measure calculations to sequentially older patient age groups (35-64 
years of age, 40-64 years of age, 50-64 years of age [Supplementary Tables 2.7 and 2.8]). 

7. Excluding carcinoma in situ diagnosis codes (Supplementary Table 2.9). 

8. Excluding exposures to new cancer diagnoses if they were followed by a subsequent 
exposure within the same year (Supplementary Table 2.10). 

9. Excluding PCPs with more than two total exposures over the data period (Supplementary 
Table 2.11). 

10. Stratifying the colorectal cancer analysis by cancer screening modalities (colonoscopy, 
FOBT/FIT, and sigmoidoscopy in separate analyses [Supplementary Table 2.13]). 
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Supplementary Figure 2.1. Illustration of Stacked Difference-in-Differences Study Design 

 

 
 
Supplementary Table 2.1 Legend: 
In the stacked difference-in-differences model, the pre-exposure period for future-exposed PCPs is used 
as a comparison for currently-exposed PCPs. The outcome measure is calculated in each quarter above, as 
the proportion of patients who visit a PCP in that quarter who receive a relevant cancer screening within a 
year of the PCP visit. Relative quarter 0 (quarters x and x’) is included in the exposure period because it is 
possible for some effect to already occur during the quarter of exposure. Adaptation of illustration created 
by Han et al. (JAMA Network Open, 2020).6 
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Supplementary Table 2.1. Identification of Primary Care Physicians and Visits 
 

Taxonomy Code Specialty 

208D00000X (01-General Practice) 

207Q00000X (08-Family Medicine) 

207R00000X (11-Internal Medicine) 

207QG0300X (38-Family Medicine-Geriatric) 

207RG0300X (38-Internal Medicine-Geriatric) 

Evaluation and management (E&M) office visits included the subset of claims with at least one 
CPT/HCPCS code of: 99201-99205, 99211-99215, 99241-99245, G0402, G0438, and G0439. 
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Supplementary Table 2.2. Identification of New Cancer Diagnoses 
 

Breast Cancer Analysis 

Diagnosis or Procedure ICD Codes CPT/HCPCS Codes 

Breast cancer 174.0-174.9  

Carcinoma in situ 233.0  

Biopsy  19000, 19001, 19100, 19101, 
19110, 19112 

Lumpectomy  19120, 19125, 19126 

Partial mastectomy  19160, 19162 

Lymph node dissection  38740, 38745, 38525 

Mastectomy  19180-19255, 19301-19307 

Colorectal Cancer Analysis 

Diagnosis or Procedure ICD Codes CPT/HCPCS Codes 

Colorectal cancer 1530-1539, 1540-1548  

Carcinoma in situ 2303-2306  

Partial resection of colon  44140, 44141, 44143, 44144-
44147 

Removal of colon  44150, 44151, 44155-44158, 
44160 

Removal of rectum  45110-45114, 45116, 45119-
45121, 45123 
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Supplementary Table 2.3. Identification of Cancer Screenings 
 

Breast Cancer Analysis 

Screening CPT/HCPCS Codes 

Mammography 
76082, 76083, 76085, 76086, 76088, 76090-
76092, 77051, 77052, 77055-77057, G0202-
G0207 

Colorectal Cancer Analysis 

Screening CPT/HCPCS Codes 

Colonoscopy 
44388, 44389, 44392-44394, 44397, 45378-
45389-45393, 45398, G0105, G0106, G0120, 
G0122 

Sigmoidoscopy 
G0104, G6022, G6023, 45303, 45305, 45307-
45309, 45315, 45317, 45320, 45321, 45327, 
45330-45334, 45337-45342, 45345 

Fecal immunochemical test (FIT) for blood 82274, G0328  

Guaiac-based fecal occult blood test (gFOBT)  82270, 82272, G0107 

Multitarget stool DNA testing (i.e., sDNA-FIT, 
MT-sDNA, FIT-DNA, or Cologuard) S3890 
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Supplementary Table 2.5. Falsification Test Results for Breast Cancer and Colorectal Cancer 
Analyses 
 

Falsification Tests: Postexposure Change in Proportion of Patients Who Receive Cancer Screening 
Within Next Year 

 Breast Cancer Falsification Test Colorectal Cancer Falsification Test 
 Absolute Change, 

Percentage Points 
(95% CI) 

P-Value Absolute Change, 
Percentage Points 

(95% CI) 

P-Value 

Pre-Exposure Period 
[Quarters -5 to -1] 0 [Reference] NA 0 [Reference] NA 

Overall Post-
Exposure Change 
 

0.8 (-1.5 to 3.2) 0.49 -0.8 (-1.9 to 0.2) 0.13 

Quarter 1 
 -0.9 (-3.8 to 2.0) 0.52 -0.6 (-1.9 to 0.7) 0.34 

Quarter 2 
 -0.6 (-3.7 to 2.4) 0.69 0.0 (-1.3 to 1.4) 0.97 

Quarter 3 
 0.2 (-3.0 to 3.3) 0.9 -0.3 (-1.8 to 1.3) 0.74 

Quarter 4 
 1.7 (-1.9 to 5.2) 0.36 -0.3 (-1.9 to 1.4) 0.74 
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Supplementary Table 2.6. Robustness Tests: Results from Alternative Regression Specifications 

 
Breast Cancer Analysis, Alternative Specifications: Postexposure Change in Proportion of Patients 
Who Receive Cancer Screening Within Next Year 

 Absolute Change, Percentage 
Points (95% CI) 

P-Value 

Main Analysis 4.5 (3.0 to 6.1) <0.001 

Seasonality indicators: 
Calendar quarter (vs. calendar month) 

4.6 (3.1 to 6.2) < 0.001 

Time indicators: 
Quarter (vs. year) 

4.60 (3.0 to 6.3) < 0.001 

Time indicators: 
Month (vs. year) 

4.60 (3.0 to 6.3) < 0.001 

Include all PCPs (vs. exclude PCPs 
in lowest fifth percentile panel size) 

4.99 (3.4 to 6.6) < 0.001 

Window of analysis: -3 quarters to 
+3 quarters (vs. -4 to 4) 

4.58 (3.2 to 5.9) < 0.001 

Window of analysis: -5 quarters to 
+5 quarters (vs. -4 to 4) 

4.50 (2.6 to 6.4) < 0.001 

Window of analysis: -8 quarters to 
+8 quarters (vs. -4 to 4) 

4.3 (2.7 to 5.8) < 0.001 

Colorectal Cancer Analysis, Alternative Specifications: Postexposure Change in Proportion of 
Patients Who Receive Cancer Screening Within Next Year 

 
Absolute Change, Percentage 

Points (95% CI) 
P-Value 

Main Analysis 1.3 (0.3 to 2.2) 0.01 

Seasonality indicators: 
Calendar quarter (vs. calendar month) 

1.2 (0.2 to 2.2) 0.02 

Time indicators: 
Quarter (vs. year) 

1.2 (0.2 to 2.2) 0.02 

Time indicators: 
Month (vs. year) 

1.2 (0.2 to 2.2) 0.02 

Include all PCPs (vs. exclude PCPs 
in lowest fifth percentile panel size) 

1.1 (0.03 to 2.3) 0.04 

Window of analysis: -3 quarters to 
+3 quarters (vs. -4 to 4) 

1.3 (0.5 to 2.2) 0.003 

Window of analysis: -5 quarters to 
+5 quarters (vs. -4 to 4) 

1.1 (-0.01 to 2.2) 0.05 

Window of analysis: -8 quarters to 
+8 quarters (vs. -4 to 4) 

1.0 (0.0 to 2.0) 0.05 

 
Supplementary Table 2.6 Legend: 
For context, main analysis specifications are provided in parentheses for each analysis. 
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5.3 Supporting Materials for Chapter Three 

Supplementary Figure 3.1. Adjusted Completion Rates for Cascade Steps by Patient 
Race/Ethnicity Group 
 

 
 
Supplementary Figure 3.1 Legend:  
Completion rates of each cascade step are not conditional on completion of previous steps. Error bars 
represent 95% confidence intervals. Values are relative to the reference group, Non-Hispanic White 
patients (aOR = 1). 
 
 
 
Supplementary Figure 3.2. Adjusted Completion Rates of Cascade Steps by Patient 
Race/Ethnicity Group; Downstream Steps Conditional on Receiving Order 
 

 
 
Supplementary Figure 3.2 Legend:Completion rates for scheduling and completion steps are 
conditional on receiving orders for the service of interest. Error bars represent 95% confidence intervals. 
Values are relative to the reference group, Non-Hispanic White patients (aOR = 1). 


