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INTRODUCTION
The 2010 Affordable Care Act (ACA) was a landmark policy 
that included expansion of Medicaid coverage, which resulted 
in a significant increase in eligibility for health insurance cover-
age for individuals in the United States. In 2012, a decision by 
the US Supreme Court allowed states to opt out of Medicaid 

expansion.1 This resulted in variable uptake across the United 
States, with some states choosing not to expand Medicaid cov-
erage. Studies have demonstrated that the ACA has resulted in 
an increase in Medicaid coverage and a reduction in the rates 
of individuals without insurance in states that elected to adopt 
Medicaid expansion compared to non-expansion states.2–4

Since the implementation of the ACA, several studies have 
analyzed the impact of expanded Medicaid coverage on access 
to care and health outcomes. In patients with cancer, Medicaid 
expansion has been associated with an earlier stage at diag-
nosis.5–7 In a National Cancer Database (NCDB) analysis of 
patients with breast cancer, a lower incidence of advanced stage 
disease was seen in states adopting Medicaid expansion com-
pared to those that opted out of expansion.8 While moving the 
needle on stage at diagnosis is a critical element for patients 
carrying a cancer diagnosis, this provides an incomplete win-
dow into the impact of the ACA on oncologic care. To date, 
there are limited data on the impact of Medicaid expansion on 
surgical management, particularly for patients with newly diag-
nosed, non-metastatic breast cancer, for whom surgery remains 
a critical component of treatment.

In a previous NCDB analysis evaluating barriers to surgical 
care in patients with breast cancer, our group noted that lack of 
insurance was independently associated with omission of sur-
gery.9 In a separate population-based study of treatment vari-
ation by insurance status for breast cancer patients, uninsured 
women were less likely to receive surgical treatment for breast 
cancer.10 Nearly 13 million adults gained insurance with expan-
sion of Medicaid and thereby gained enhanced access to and 
affordability of both preventative and curative care, including 
surgical care. This expanded access to care has resulted in more 
timely access to surgical care, improved quality of care as well 
as improved access to post-discharge care.7 Medicaid expansion 
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Objective: To determine whether Medicaid expansion under the 2010 Affordable Care Act affected rates of breast cancer 
surgery.
Background: Data regarding the impact of Medicaid expansion on access to surgical treatment of breast cancer are limited.
Methods: Patients in the National Cancer Database diagnosed with non-metastatic breast cancer between January 1, 2010 and 
December 31, 2017 and residing in a state that expanded Medicaid in January 2014 or in a state that opted out of expansion were 
included. A quasi-experimental, difference-in-differences (DID) approach was used to assess rate of omission of surgical treatment.
Results: Of 624,237 patients diagnosed with invasive breast cancer, 24,728 (4%) patients did not undergo surgical treatment. 
Overall, no significant differences in rates of omission of surgery over time were seen based on Medicaid expansion status. Significant 
findings were noted based on patient residential location. In rural areas, Medicaid expansion was associated with lower rates of omis-
sion of surgery (adjusted DID −2.47%, 95% confidence interval [CI] −4.01% to −0.94%; P = 0.002). In urban area, rates of omission 
of surgery increased over time for both groups, but the relative increase was lower in expansion states (adjusted DID −0.72%, 95% 
CI −1.25% to −0.20%; P = 0.007). In metro areas, changes in rates of surgery over time were comparable across expansion and 
non-expansion states (adjusted DID −0.08%, 95% CI −0.32% to 0.16%; P = 0.512).
Conclusions: Medicaid expansion had no measurable effect on the receipt of surgery for breast cancer in the overall cohort. 
Medicaid expansion was associated with higher rates of surgery in rural areas, representing the minority of the population.
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has been associated with an increase in the use of outpatient 
surgical procedures11 and in breast cancer patients, a reduced 
incidence of advanced stage breast cancer.8 However, whether 
the increased access to care provided by Medicaid expansion 
mitigates the association seen between lack of insurance and 
omission of surgical therapy remains unknown. While in general 
the proportion of women who omit surgical care remains low, 
fully understanding the impact of policy change on all elements 
of cancer care remains important. Therefore, we sought to eval-
uate whether the increased access to care provided through 
Medicaid expansion impacted the receipt of surgery in patients 
with newly diagnosed invasive breast cancer. We hypothesized 
that Medicaid expansion would result in lower rates of omission 
of surgery in patients undergoing treatment for breast cancer.

METHODS

Data Source and Patient Population

We queried the NCDB to extract a cohort of 624,237 patients 
with invasive breast cancer diagnosed between 2010 and 2017 
from a population of 2,981,732 patients with breast cancer 
included in the database during the period of study. The NCDB 
is a national oncology outcomes database born from a qual-
ity initiative of the American College of Surgeons Commission 
on Cancer (CoC) and the American Cancer Society. More than 
1500 CoC-accredited cancer programs in the United States and 
Puerto Rico report to the NCDB, and the database captures 

hospital-level data for approximately 70% of newly diagnosed 
cancer cases.12 Women with invasive breast cancer age 40 or 
older were included in the analysis. Patients were excluded if 
they had in situ or metastatic disease. Details regarding the 
stepwise exclusion of patients are shown in Figure  1. Given 
the relative infrequency of patients under age of 40, some sites 
may not have very many young breast cancer patients, there-
fore NCDB suppresses certain variables, including Medicaid 
expansion status, in order to avoid potential identification of 
such patients. Consequently, patients under the age of 40 were 
excluded from our analysis. Since breast cancer in women under 
40 represents a small percentage of cases, this exclusion is 
unlikely to significantly bias our findings. In our study sample, 
only 1.7% of patients were under 40 (11,107 patients of a total 
of 624,237). We chose not to exclude older age women who 
would potentially be covered by Medicare because patients can 
be dual eligible for Medicare and Medicaid. In 2019, 19% of 
enrollees were dual enrolled. Thus, we included Medicare eligi-
ble patients in order to ensure we fully understood the impact of 
Medicaid expansion. Due to the absence of patient identifiers in 
the NCDB, our institutional review board deemed our analysis 
exempt from review and approval.

Outcome Measures

The aim of the analysis was to evaluate the impact of Medicaid 
expansion on the primary outcome of rate of omission of sur-
gery. Patient residence at time of diagnosis was used to stratify 

FIGURE 1. Consolidated standards of reporting trials flow diagram depicting selection process of patient cohort for analysis.
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patients into non-expansion and Medicaid expansion states. 
Nineteen states were classified as non-expansion states (TN, 
NC, ID, GA, FL, MO, AL, MS, KS, TX, WI, UT, SC, SD, VA, OK, 
NE, WY, ME) and 19 states expanded Medicaid in January 2014 
(KY, NV, CO, OR, NM, WV, AR, RI, AZ, MD, MA, ND, OH, 
IA, IL, VT, HI, NY, DE). Patients residing in states that expanded 
Medicaid prior to or after January 2014 were excluded from the 
analysis. In order to evaluate the impact of Medicaid expan-
sion, patients were stratified into 2 time periods based on date of 
diagnosis. The pre-Medicaid expansion period included patients 
diagnosed from 2010 to 2013 and the post-Medicaid expansion 
period included patients diagnosed from 2014 to 2017.

Statistical Analysis

Descriptive statistics were used to summarize sociodemo-
graphic, clinicopathologic, and treatment information. Chi-
squared tests for categorical variables and t test\ANOVA or 
the counterparts of the non-parametric approaches (Wilcoxon 
rank-sum or Kruskal-Wallis) for continuous variables were used 
to compare patient and facility characteristics between patients 
residing in expansion and non-expansion states during the pre- 
and post-expansion time periods, respectively.13

Difference-in-Differences Analysis

The difference-in-differences (DID) approach was applied to eval-
uate the association between change in percentages of patients 
with omission of surgery over time and the ACA Medicaid 
expansion status.14 In this approach, a linear regression model 
was employed to the binary endpoint of omission of surgery 
(yes vs no) with the main effect terms for Medicaid expansion 
status (non-expansion vs expansion), time (pre- vs post-expan-
sion period) and the interaction term of the 2 variables. This 
interaction term describes the percentage point change associ-
ated with Medicaid expansion from the pre- to post-expansion 
period, while controlling for contemporaneous temporal change 
in the non-expansion states. Proportions of patients not under-
going surgery by year of diagnosis were described graphically 
over the entire study period. The DID parallel trends assumption 
was evaluated for patients diagnosed before 2014 (Supplemental 
Figure 1, http://links.lww.com/AOSO/A159). The analyses were 
repeated with adjustment for age at diagnosis, race, insurance sta-
tus, comorbidity score, income, education, geographic location, 
facility type, and location. We also evaluated whether patient 
and facility factors modified the effect of Medicaid expansion, 
one factor at a time, by including a 3-way interaction term in 
the linear regression model. We then included any 3-way inter-
action terms with a P value <0.1 in a multivariate linear model. 
A 3-way interaction term stayed in the final multivariate model 
if the corresponding P value was <0.05. Subgroup analyses were 
performed to show the modified effect of Medicaid expansion 
by level of a patient or facility factor in the presence of a 3-way 
interaction. Missing data were excluded from the analyses; spe-
cifically, in the multivariate models, only complete cases who had 
no missing values on any of the variables (dependent variable 
and covariates) were included. SAS version 9.4 and S-Plus ver-
sion 8.04, TIBCO Software Inc (SAS Inc, Cary, NC) are used to 
carry out the computations for all analyses.

RESULTS
Of 624,237 patients diagnosed with invasive breast cancer who 
met the criteria for inclusion in our analytic cohort, 342,465 
(54.9%) resided in non-expansion states and 281,771 (45.1%) 
resided in states that underwent Medicaid expansion in January 
2014. Patient demographics and treatment characteristics strat-
ified by expansion status in the pre-expansion (2010–2013) and 
post-expansion (2014–2017) period are summarized in Table 1. 

Prior to January 2014, non-expansion states had a higher pro-
portion of patients with a median income <$30,000/y (12.5% 
vs 8.5%), a higher proportion of patients residing in rural 
communities (2.5% vs 1.2%), and fewer patients residing in 
metropolitan communities (80.0% vs 84.1%) as compared to 
expansion states (all P < 0.0001). Non-expansions states were 
overwhelmingly located in the Southern United States (79.1%) 
as compared to a broader geographic distribution for expansion 
states. Similar differences remained in the post-Medicaid expan-
sion period (2014–2017).

During the overall period of study, approximately 4% of 
patients had omission of surgical treatment for their breast can-
cer. Overall, a small increase in omission of surgery was seen 
when comparing pre- and post-periods of study (Fig. 2) in both 
expansion and non-expansion states. When evaluating changes 
in percentages of patients who had omission of surgery by 
expansion status in the entire study sample, there were no signif-
icant differences between expansion states and non-expansion 
states in unadjusted (DID −0.14%, 95% confidence interval 
[CI] −0.45% to 0.05%; P = 0.148) or adjusted (DID −0.19%, 
95% CI −0.4% to 0.03%; P = 0.092) DID analyses (Table 2).

However, the effect of Medicaid expansion on rates of omis-
sion of surgery varied based on a patient’s residential location 
(Fig.  2; Table  2). In rural areas, changes in the percentage of 
patients with omission of surgery were significantly different 
between the expansion states and the non-expansion states 
in unadjusted (DID −1.77%, 95% CI −3.18% to −0.36%;  
P = 0.014) and adjusted analysis (DID −2.47%, 95% CI −4.01%  
to −0.94%; P = 0.002). Specifically, the percentage of patients 
with omission of surgery increased from the pre-expansion to 
post-expansion period in the non-expansion states but decreased 
in the expansion states. Trends in receipt of surgery over time 
also differed between non-expansion and expansion states in 
urban areas. The percentage of patients with omission of sur-
gery increased from the pre-expansion to post-expansion period 
for both expansion status groups, but the relative increase in 
patients with omission of surgery was less in the expansion 
states compared to the non-expansion states in both unad-
justed (DID –0.67, 95% CI −1.15% to −0.19%; P = 0.006) and 
adjusted analyses (DID −0.72%, 95% CI −1.25% to −0.20%; 
P = 0.007). In contrast, no significant differences were seen in 
patients residing in metro areas (Table 2). No other patient or 
facility factors impacted the effect of Medicaid expansion on 
rates of surgery omission.

As expected, states with Medicaid expansion had an increase 
in the proportion of their population covered by Medicaid, how-
ever the magnitude of increase attributable to Medicaid cover-
age varied by residential location (Fig. 3). Within non-expansion 
states, the proportion of patients covered by Medicaid declined 
from 5.6% to 4.5% in metro communities, 6.9% to 5.3% in 
urban counties, and 7.4% to 4.7% in rural communities for a 
net reduction of −1.1%, −1.6%, and −2.7%, respectively. Based 
on this, the rates of Medicaid coverage in expansion states 
would have been expected to decline from 6.8% to 5.7%, 6.3% 
to 4.7%, and 8.2% to 5.5% in metro, urban, and rural popula-
tions respectively, had Medicaid not been expanded. However, 
the rates of Medicaid coverage increased in all 3 areas, result-
ing in a 2.2% increase in Medicaid coverage attributable to 
Medicaid expansion in metro areas (Fig. 3A), a 3.0% increase 
in urban areas (Fig.  3B) and a 3.5% increase in rural areas 
(Fig. 3C).

DISCUSSION
To our knowledge, our work represents the first analysis of the 
impact of Medicaid expansion on the surgical management of 
breast cancer patients. Our data demonstrate that while there 
was no significant difference between the rates of receipt of sur-
gery from pre-expansion to post-expansion in expansion states 

http://links.lww.com/AOSO/A159
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and non-expansion states in the cohort of breast cancer patients 
as a whole, the story is more nuanced, and patients’ residen-
tial location played a significant role in the impact of Medicaid 
expansion under the ACA.

Our findings demonstrating no difference in overall rates of 
surgery in our breast cancer cohort align with a parallel hos-
pital-based analysis in the management of colon cancer by 
Hoehn et al.5 In this study of patients with stage I to III colon 
cancer, Medicaid expansion did not significantly affect overall 
rates of operative management. The authors instead noted that 
Medicaid expansion impacted the characteristics of operative 
management, including a decline in urgent operations and a 
higher rate of minimally invasive surgery. In the management of 
breast cancer, urgent operations are rarely indicated, and thus 
access to surgical care becomes a more relevant surrogate to 
understanding effect of ACA on surgical management of breast 
cancer. We did note that there was an increase in omission of 
surgery during the period of study, though absolute differences 
in rates of omission were small. Despite overall out-of-pocket 
and premium contributions decreasing after implementation 
of the ACA,15 increases in the average annual deductibles were 
noted in Preferred Provider Organization health plans, which 
represents the most common insurance coverage for workers. 
Furthermore, the average deductible for covered workers has 
increased 153% since 2006.16 The increased out-of-pocket 
expense seen with commercial carriers may have attributed to 
the marginal increase rate in omission of surgery seen during 
the study period.

Our analysis noted a significant difference in rates of omis-
sion of surgery based on a patient’s residential location. Our 
findings align with previous data that indicates that a significant 
benefit of Medicaid expansion under the ACA was seen in rural 
areas.17–20 In our cohort of patients with invasive breast cancer 
residing in rural areas, Medicaid expansion was associated with 
fewer patients not receiving surgical management in the post-ex-
pansion period compared to an increase in omission of surgery 
in non-expansion states. Rural regions have a higher proportion 
of uninsured individuals when compared to metro locations.21,22 
A large proportion of uninsured patients leads to poor access 
to care at the patient level and uncompensated care leading to 

financial strain, lower operating margins and risk of closure at 
the systems level.23,24

In an analysis of Medicare Hospital Cost Reports evaluat-
ing the impact of Medicaid expansion under the ACA, authors 
noted a decrease in uncompensated costs in states that expanded 
Medicaid, with the greatest reductions occurring in states with 
the highest levels of pre-expansion uncompensated care.24 It 
follows that a significant impact might be seen in rural hospi-
tals, which are more heavily reliant on public funding and treat 
a higher proportion of uninsured patients. In fact, in a study 
by Lindrooth et al,19 authors noted fewer hospital closures in 
states that expanded Medicaid when compared to non-expan-
sion states and also noted lower rates of closures seen in rural 
markets. Given the low population density in rural areas, main-
tenance of healthcare facilities is a critical issue that impacts 
access to and delivery of care. The enhanced impact of Medicaid 
expansion on rural markets, leading to greater insurance gains, 
a reduction in uncompensated care and fewer hospital closures 
provides a mechanism for our finding of a significant impact of 
Medicaid expansion on omission of surgery in rural areas. This 
is supported by the fact that our DID analytic method demon-
strated the largest gain in Medicaid coverage after Medicaid 
expansion in rural areas. Furthermore, we noted a greater 
absolute reduction in the uninsured population in expansion 
states when compared to non-expansion states in rural areas 
(Supplemental Figure 2.c, http://links.lww.com/AOSO/A159).

In contrast to most of the literature on urban-rural disparities 
in care, the NCDB provides a 3-tier system for allocation of res-
idence: metropolitan, urban, and rural, with urban populations 
including those with populations of 2500 to 20,000 individuals. 
Thus, the NCDB definition of urban likely includes many areas 
that would otherwise be designated as rural when using the 
Rural-Urban Commuting Area codes to dichotomize between 
urban and rural communities. The inclusion of rural commu-
nities within the NCDB classification of urban likely explains 
our finding that while the effect of Medicaid expansion in urban 
areas is in the same direction as in rural areas, the magnitude 
was not as big.

Our analysis has several limitations. As with any large, 
multi-institutional database, NCDB data are subject to 

FIGURE 2. Proportions of patients not undergoing surgery over time by Medicaid expansion status and residential location.

http://links.lww.com/AOSO/A159


Elmore et al • Annals of Surgery (2022) 3:e194 Annals of Surgery

6

inaccuracies in reporting. Furthermore, though the NCDB 
contains approximately 70% of new cancer diagnoses, this 
represents only 30% of hospitals in the United States that are 
accredited by the CoC, which could introduce an element of 
selection bias and limit the generalizability of our results. Given 
the use of hospital-level data, we also lack the rationale for 
omission of surgery. In patients with invasive breast cancer, sur-
gery is offered as standard of care, and omission of surgery in 
the treatment algorithm is assumed to be impacted by access 
to and cost of care. While our inclusion criteria selected for 
patients with operable disease by excluding in situ and meta-
static disease, our sample could have included a small propor-
tion of patients who were not operative candidates or declined 
surgery for other reasons. In clinical practice, given the very 
small proportion of patients with non-metastatic breast cancer 
who are not deemed operative candidates, we do not think this 
significantly impacted our findings. Finally, though we used a 
quasi-experimental, DID approach to analysis, it is important 
to note that we can only identify associations between Medicaid T
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FIGURE 3. Depiction of the DID approach stratified by metro (A), urban 
(B), and rural (C) populations. The plot displays the change in percentage 
of patients with Medicaid from the pre-expansion (2010–2013) to post-ex-
pansion (2014–2017) time periods for non-expansion and expansion states.
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expansion and our outcome of omission of surgery rather than 
making causal inferences. Furthermore, we acknowledge that 
there are unmeasured covariates that could systematically differ 
between hospitals in expansion states and non-expansion states. 
Despite these limitations, the study expands current knowledge 
by providing insight into the impact of Medicaid expansion on 
utilization of breast surgery for breast cancer.

In conclusion, Medicaid expansion under the ACA had a 
small but significant impact on rates of surgical management 
for breast cancer patients residing in rural and urban areas 
outside of large metropolitan locations, which represents 
a combined 15% of our study population. For the majority 
of the cohort, Medicaid expansion was not associated with 
improvement in rates of receipt of surgery. Our findings high-
light that Medicaid expansion had an impact on those most 
disadvantaged by lack of health care access, but a minimal 
impact broadly with respect to overall rates of surgical man-
agement of breast cancer. While access to insurance is criti-
cally important, our findings underscore that other barriers to 
care will be equally important to understand in order to fully 
address the omission of surgery in otherwise operable and cur-
able breast cancer.
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