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Abstract

Background: Although Medicaid expansion is associated with decreased uninsured rates and earlier cancer diagnoses, no
study has demonstrated an association between Medicaid expansion and cancer mortality. Our primary objective was to
quantify the relationship between early Medicaid expansion and changes in cancer mortality rates. Methods: We obtained
county-level data from the National Center for Health Statistics for adults aged 20-64 years who died from cancer from 2007
to 2009 (preexpansion) and 2012 to 2016 (postexpansion). We compared changes in cancer mortality rates in early Medicaid
expansion states (CA, CT, DC, MN, NJ, and WA) vs nonexpansion states through a difference-in-differences analysis using hi-
erarchical Bayesian regression. An exploratory analysis of cancer mortality changes associated with the larger-scale 2014
Medicaid expansions was also performed. Results: In adjusted difference-in-differences analyses, we observed a statistically
significant decrease of 3.07 (95% credible interval ¼ 2.19 to 3.95) cancer deaths per 100 000 in early expansion vs nonexpansion
states, which translates to an estimated decrease of 5276 cancer deaths in the early expansion states during the study period.
Expansion-associated decreases in cancer mortality were observed for pancreatic cancer. Exploratory analyses of the 2014
Medicaid expansions showed a decrease in pancreatic cancer mortality (�0.18 deaths per 100 000, 95% confidence interval ¼
�0.32 to �0.05) in states that expanded Medicaid by 2014 compared with nonexpansion states. Conclusions: Early Medicaid
expansion was associated with reduced cancer mortality rates, especially for pancreatic cancer, a cancer with short median
survival where changes in prognosis would be most visible with limited follow-up.

Cancer is a leading cause of death in the United States, resulting in
approximately 600 000 deaths per year (1). Although cancer mortal-
ity rates have improved over time, certain populations persistently
have worse outcomes linked to poorer access to health care (1,2).
The Affordable Care Act (ACA) provided states the opportunity to
expand Medicaid to additional low-income individuals (3). To date,
39 states have elected to expand; however, California, Connecticut,
Minnesota, New Jersey, Washington, and Washington DC had lim-
ited expansions earlier in 2010 or 2011 (4). The differential expan-
sion status across states and the temporal nature of these
expansions provide a natural experiment for examining potential
impacts of Medicaid expansion (5).

Medicaid expansion is associated with decreased uninsured
rates, improved cancer screening rates, and increased early-
stage cancer diagnoses (6-16). Early data have also associated
Medicaid expansion with increased overall survival for cancer
patients, particularly among some patients with lung cancer
(17,18). Medicaid expansion is associated with decreased overall
mortality rates (19-21), but no published data have examined
associations with cancer mortality rates. Our objective was to
quantify cancer mortality changes associated with the early
Medicaid expansions using state- and county-level mortality
data .

A
R

T
IC

LE

Received: January 11, 2021; Revised: April 5, 2021; Accepted: June 30, 2021

© The Author(s) 2021. Published by Oxford University Press. All rights reserved. For permissions, please email: journals.permissions@oup.com

1714

JNCI J Natl Cancer Inst (2021) 113(12): djab135

doi: 10.1093/jnci/djab135
First published online July 14, 2021
Article

https://orcid.org/0000-0003-2812-0824
https://orcid.org/0000-0002-1412-3234
https://orcid.org/0000-0003-3766-468X
https://orcid.org/0000-0002-1390-9753
mailto:nosa.peters@duke.edu
https://academic.oup.com/


Methods

Study Sample

Age-adjusted cancer mortality data from the National Center
for Health Statistics (NCHS) from 2002-2016 for individuals aged
20-64 years at time of death were obtained via SEER*Stat soft-
ware (state-level data) and the CDC Wonder Compressed
Mortality File (county-level data ). County-level data from the
CDC were limited to ages 25-64 years due to differences in calcu-
lating age-adjusted rates (15- to 19-year-olds and 20- to 24-year-
olds were combined for age adjustments) (22,23). Despite the
same source of data (NCHS), different software was used to ob-
tain data given customizable year ranges in CDC Wonder not
available in SEER*Stat (county-level data in SEER*Stat is re-
stricted to prespecified year ranges: 2002-2004, 2005-2007, 2008-
2011, 2012-2016) but otherwise streamlined data collection in
SEER*Stat. NCHS cancer mortality data reflect all documented
deaths from cancer in the United States, allowing population-
level rather than individual-level estimates. Cause of death was
based on the International Classification of Diseases, 10th
Revision (ICD-10) codes from death certificates. Mortality rates
and standard errors were obtained for all cancers combined,
overall and by race, and for select cancer sites. The select sites
for subgroup analyses were chosen based on those comprising
the leading causes of cancer death in the United States (lung,
prostate, female breast, colorectal, pancreas, and liver), which
comprise over 50% of cancer deaths, and those with evidence-
based screening recommendations (cervix, in addition to others
mentioned above: female breast, colorectal, lung, and prostate)
(1). The NCHS suppresses mortality rates when the number of
events is less than 10; in such cases, mortality rates were im-
puted as part of the fully Bayesian specification and restricted
such that the imputed rates would correspond to 0-9 deaths per
county population (see the Supplementary Methods, available
online). No mortality data were suppressed for the unadjusted
analyses, which were aggregated by state Medicaid expansion
status. We retrieved pre- and post-early expansion county-level
covariate information (metropolitan residence status, percent
unemployed, percent high school education, percent poverty,
percent non-White, percent Black, percent Hispanic, percent el-
derly, and percent female) published by the United States
Census Bureau and the US Department of Agriculture Economic
Research Service (see the Supplementary Methods, available on-
line for details) (24-27). County mortality and covariate data
were merged by state and county names. Finally, Medicaid cov-
erage rates by state before the expansions (2008) were obtained
for qualitative comparisons (28).

Data Analysis

A quasi-experimental design was used to reduce potential con-
founding through accounting for changes that may have hap-
pened in the absence of expansion (due to preexisting temporal
trends as a result of factors such as improved treatments) (5).
Difference-in-differences (DID) analyses compared changes in
mortality rates from pre- (2007-2009) to post- (2012-2016) early
expansion between early expansion states (CA, CT, DC, MN, NJ,
and WA) and nonexpansion states (based on Medicaid expan-
sion status on December 31, 2016) (5). States that expanded in
2014-2016 were excluded. The years 2010-2011 were treated as a
washout or phase-in period given the dates of early expansion
(April 2010-July 2011) (4). Data from 2002-2006 were not used in

the primary DID analyses but were used to establish preexpan-
sion mortality rate trends and in a sensitivity analysis. The par-
allel trends assumption was tested by comparing changes in
cancer mortality rates between early expansion and nonexpan-
sion states during the preexpansion period (see the
Supplementary Methods and Supplementary Table 1, available
online) (5). Analyses were performed for all cancers combined,
by cancer site, and by race. Finally, we used a difference-in-
difference-in-differences (DDD), or triple difference, approach to
evaluate whether the effect was modified by race.

Unadjusted DID analyses were performed by calculating the
DID estimate: (Rateearly expansion, 2012-16 � Rateearly expansion, 2007-09)
– (Ratenonexpansion, 2012-16 � Ratenonexpansion, 2007-09) (see the
Supplementary Methods, available online). P values were 2-
sided, with P less than .05 considered statistically significant.

For adjusted DID analyses, we used a hierarchical Bayesian
linear regression model accounting for state, county, and cova-
riates (metropolitan residence status, percent unemployed, per-
cent high school education, percent poverty, percent non-
White, percent elderly, and percent female) (10,29). Details re-
garding the hierarchical Bayesian model, covariate selection,
and assessments of the adequacy of draws from the posterior
distribution are given in Supplementary Table 2 and
Supplementary Figure 1 (available online). For the DDD analysis,
the regression model was expanded to include expansion status
by time period by race interaction variables. The marginal pos-
terior distribution was used to obtain the DID estimate (the
mean), 95% credible interval (95% CrI ¼ 2.5 and 97.5 percentiles)
and the 1-tailed probability Pr of the estimate being greater than
0 (or <0, for positive means) (30). Because Pr is 1-sided, Pr less
than .025 is required for statistical significance. Data analysis
was performed using R v3.6.2 and the R2jags and superdiag
packages.

Sensitivity Analyses

Because the expansions were limited in most early expansion
states (enrolling <50k) with the exception of California (enroll-
ing >400k), 1 analysis compared California only with the states
that did not expand early and another analysis excluded
California (4). Due to potential impacts of the economic reces-
sion in 2008-2009, 1 analysis treated 2002-2007 as the preexpan-
sion period. Additionally, the states that expanded Medicaid in
2014-2016, which were excluded from the primary analyses,
were grouped with nonexpansion states to form a comparison
group of states that did not expand Medicaid in 2010-2011.
Finally, we conducted a sensitivity triple-differences analysis by
county poverty level because Medicaid eligibility is income re-
lated .

Exploratory Analyses

The early Medicaid expansions were relatively small in scope
relative to the 2014 expansions. Hence, exploratory (unadjusted)
DID analyses were performed to compare mortality rates from
2011-2013 with 2015-2017 in states that expanded Medicaid in
2014 relative to nonexpansion states (additional follow-up time
was available due to no county-level data restrictions); states
that expanded Medicaid from 2015-2017 were excluded. These
were not the primary analyses given the likely insufficient fol-
low-up needed to detect mortality rate changes. Additionally,
the changes in the uninsured rate for the state groups from
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2006 to 2017 were examined based on US Census Bureau esti-
mates (31).

Results

There were 788 043 cancer deaths in 2007-2009 and 2012-2016 (Table
1). For the county-level analyses, 3715 county-year units were in-
cluded in the analysis (see Supplementary Figure 2, available online,
for the CONSORT diagram). Relative to nonexpansion states, early
expansion states had lower percentages of impoverished, elderly,
and Black residents and greater percentages of metropolitan and
unemployed residents (Table 1). The changes in attributes over time
were similar between state groups. Preexpansion Medicaid coverage
rates [based on 2008 data (28)] were similar between state groups
(Supplementary Table 3, available online).

Cancer mortality rates decreased in both early expansion
(72.5 to 64.8 deaths per 100 000) and nonexpansion states (85.7
to 79.4 deaths per 100 000) from 2007-2009 to 2012-2016 (Table 2;
Figure 1). In adjusted DID analyses, there was a decrease of 3.07
(95% CrI ¼ 2.19 to 3.95, Pr< .001) deaths per 100 000 in early ex-
pansion relative to nonexpansion states. This translates to 5276

cancer deaths that were averted in early Medicaid expansion
states in 2012-2016 (Supplementary Methods, available online).

There were qualitative decreases in adjusted cancer mortality
rates in early expansion relative to nonexpansion states for each
cancer site studied except colorectal, with statistically significant
decreases for pancreatic cancer (adjusted estimate ¼ �0.47, 95%
CrI ¼ �0.69 to �0.24, Pr < .001) (Table 2; Figure 1; Supplementary
Figure 3, available online). There were also statistically significant
adjusted early expansion–associated decreases in cervix and lung
cancer mortality but non-statistically significant unadjusted DID
estimates. Additionally, there were statistically significant early ex-
pansion–associated decreases in liver cancer mortality, but the
parallel trends assumption was violated (Supplementary Table 1,
available online). In our adjusted DDD analyses, there were no sta-
tistically significant differences in the expansion-associated
changes in cancer mortality by race (Table 2).

In our sensitivity DID analyses, there were statistically sig-
nificant expansion-associated decreases in overall cancer mor-
tality and pancreatic cancer mortality across all sensitivity
analyses (Supplementary Table 4, available online). Results for
breast, cervix, and lung cancer mortality were inconsistent. In
our sensitivity DDD analyses, for each percent increase in

Table 1. Cancer mortality rates and characteristics by state Medicaid expansion status

Population characteristic

Early expansion statesa Nonexpansion statesb

2007-2009 2012-2016 2007-2009 2012-2016

Population over time period, (No.) 111 219 801 194 609 695 204 680 111 361 309 898
No. of cancer deaths by cancer site and race subgroups

All malignancies 89 673 149 440 200 902 348 028
Breast 9846 15 790 19 642 32 429
Cervix 1385 2381 3221 5763
Colorectal 7870 14 311 18 428 33 299
Liver 4882 10 212 8889 20 678
Lung 19 262 27 740 54 918 87 022
Pancreas 5635 10 085 11 284 21 963
Prostate 1558 2762 3324 6208
White 72 481 118 102 158 765 271 285
Black 9740 16 584 38 399 68 544
Otherc 7452 14 754 3738 8199

County-level attributes weighted by county population, mean (SD)d

Metropolitan, % 93.7 (24.4) 94.5 (22.7) 79.5 (40.4) 82.6 (37.9)
Unemployed, % 5.1 (1.4) 5.3 (1.8) 4.3 (1.2) 4.7 (1.1)
No high school education, % 20.0 (7.6) 14.3 (6.3) 20.5 (8.0) 13.2 (5.7)
Poverty, % 11.2 (3.6) 12.8 (4.2) 13.8 (5.5) 14.8 (5.2)
Non-White, % 22.9 (10.7) 25.7 (11.0) 21.8 (14.8) 23.9 (15.1)
Black,e% 8.1 (7.8) 9.4 (7.6) 16.6 (14.4) 18.1 (14.5)
Hispanic,e% 26.0 (16.4) 28.9 (17.0) 14.8 (17.5) 17.5 (18.4)
Elderly, % 15.0 (2.5) 14.2 (2.6) 16.3 (4.7) 15.1 (4.8)
Female, % 50.5 (1.0) 50.5 (0.9) 50.8 (1.4) 50.8 (1.4)

aEarly Medicaid expansion states include CA, CT, DC, MN, NJ, and WA.
bNonexpansion states are those that had not implemented Medicaid expansion as of December 31, 2016; includes AL, FL, GA, ID, KS, ME, MS, MO, NE, NC, OK, SC, SD,

TN, TX, UT, VA, WI, WY.
cThe “other” race category includes all individuals not classified as White or Black and is largely composed of individuals of American Indian, Alaska Native, or Asian

or Pacific Islander descent. Persons of Hispanic origin can be of any race.
dAttributes by state and time period were compared with a weighted linear model, including variables for expansion status, time period, and their interaction (note

model design resembles difference-in-differences analysis). Counties attributes were statistically significantly different between early and not early Medicaid expan-

sion states with P of .006 or less for percent metropolitan, percent unemployed, percent poverty, percent Black, percent Hispanic, percent elderly, and percent female.

There was no difference between early and not early expansion states by percent without a high school education (P ¼ .77) or percent non-White (P ¼ .51). There was

no difference in the pre- to post-early Medicaid expansion change in the attributes between the early and not early Medicaid expansion states (P > .45).
eCounty attributes are listed for informational purposes only; these variables were not included in the adjusted regression models. The variable percent Black was ex-

cluded because of high collinearity with percent non-White. The variable percent Hispanic was excluded due to a complex interplay between ethnicity and cancer out-

comes; Hispanics have a lower cancer mortality rate than non-Hispanic Whites, but Hispanics are more likely to experience socioeconomic deprivation and thereby

experience barriers to health care and subsequently poorer outcomes (29).
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residents living in poverty, there were expansion-associated
decreases in cancer mortality overall and across most sub-
groups, though most decreases were not statistically significant
(Supplementary Table 4, available online).

In exploratory analyses, the decrease in uninsured rates in
early expansion vs nonexpansion states was small, from 2007
to 2013 (�0.39 percentage points [%]) (Figure 2; Table 3), but
much larger from 2013 to 2016 (�3.20%), which translates to a
net 1.76 million individuals gaining insurance coverage from

2013 to 2017 in early expansion states. In contrast, there was a
smaller decrease (1.58%) in the uninsured rate from 2013 to 2017
in states that expanded by 2014 vs nonexpansion states. In
analyses examining the 2014 Medicaid expansions, there was
no decrease in the overall cancer mortality rate in states that
expanded by 2014 vs nonexpansion states, though there was a
statistically significant decrease for pancreatic cancer (�0.18
deaths per 100 000, 95% confidence interval ¼ �0.32 to �0.05, P
¼ .009) (Table 4; Figure 3; Supplementary Figure 4, available on-
line). The parallel trends assumption was not met for many
other analyses (Supplementary Tables 5 and 6, available online).

Discussion

These nationwide data demonstrate decreased cancer mortality
rates, overall and for pancreatic cancer, in states that expanded
Medicaid early vs nonexpansion states. Evidence for expansion-
associated mortality changes for other cancer sites was limited.
Although exploratory analyses of the 2014 Medicaid expansions
found no statistically significant association with cancer mor-
tality overall, there were expansion-associated decreases for
pancreatic cancer. However, because most patients diagnosed
with cancer live beyond 5 years, these early data with limited
follow-up likely do not fully capture ACA-associated changes in
cancer mortality (32).

Early expansion states combined only enrolled approxi-
mately 500 000 individuals from 2010 to 2012 compared with the
millions gaining coverage due to the main Medicaid expansions
occurring in 2014 (4). It is unlikely that the estimated number of
cancer deaths prevented arose strictly from the approximately
500 000 individuals gaining coverage under the 2010-2011
expansions. However, our exploratory analyses showed that
early expansion states had the largest declines in the uninsured
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Figure 1. Temporal trends in overall (A) and pancreatic (B) cancer mortality rates

by state early Medicaid expansion status. The year-to-year change in overall

and pancreatic cancer mortality rates was similar in early Medicaid expansion

and nonexpansion states from 2002-2009 (with the exception of 2005 in the

overall cancer mortality rate analysis). However, the trends diverged beginning

in 2010, when the first early Medicaid expansions occurred. The dashed line for

“trend comparison,” for easier visual comparison of temporal trends, is equal to

the trends of the nonexpansion states translated down such that the compari-

son mortality rates at the end of the preexpansion study period (2009) are equal

to the rate in the early expansion group. Mortality rate is the age-adjusted

deaths per 100 000 population. Error bars denote 95% confidence intervals.
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Figure 2. Temporal trends in the uninsured rate by state Medicaid expansion

status. There was generally a slowly decreasing uninsured rate in early

Medicaid expansion states until 2013, with a smaller gap of the uninsured rate

between early and not early expansion states in 2013 compared with the gap in

2006. The elevated uninsured rates in 2009 and 2010 may be secondary to the

great recession. Beginning in 2014, with the initiation of the larger scale

Medicaid expansions, early Medicaid expansion states had a larger decrease in

the uninsured rate than the other groups of states, including the group of all

states that expanded in 2014.
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rate after 2014, even when compared with states that expanded
Medicaid in 2014. These insurance coverage changes likely con-
tribute to the observed mortality rate changes through 2016.
Interestingly, others have shown that states that expanded
Medicaid early had expansion-associated improvements in can-
cer screening rates and overall cancer survival after 2014 in con-
trast to no statistically significant expansion-associated
changes for states that expanded in 2014 (18,33). Reasons for
the greater changes in early expansion states are uncertain,
though they may be related to the states being better equipped
to provide coverage for their needy residents due to prior expan-
sions or other underlying health system differences (4).

Cancer mortality has decreased over time for the past sev-
eral decades, approximately 2% per year recently (1), or 7.4%
(6.33/85.73) from 2007-2009 to 2012-2016 based on our nonex-
pansion state data. The decrease of 3 deaths per 100 000 attrib-
uted to early Medicaid expansion translates to a decrease in
cancer mortality by 4.2% over the study period (ie, 3.07/72.5, the
preexpansion rate), potentially accelerating the improvements
over time by 50% (ie, 4.2/7.4, the expected improvement without
expansion). Of note, despite persistently lower cancer mortality
rates occurring in Medicaid expansion states throughout the
study period, there was an early expansion-associated decrease
in cancer mortality, which may lead to further state-based dis-
parities in cancer outcomes if nonexpansion states do not adopt
the expansions (34–36).

When analyzing the 2014 Medicaid expansions with limited
follow-up, there was a statistically significant expansion-
associated decrease in pancreatic cancer mortality. Because
cancers with shorter median survival times, such as pancreatic

cancer, may be expected to be the first to demonstrate any
policy-related changes in cancer mortality, this result provides
additional support of our primary findings (1). Similarly, Han
et al. (11) identified 2014 Medicaid expansion-related increases
in early-stage cancer diagnoses for pancreatic cancer (but, inter-
estingly, not for any of the other sites included in this analysis),
likely suggesting that more patients with pancreatic cancer had
curable disease or at least would be able to undergo therapy
with curative intent after the expansions. However, we found
no detectable expansion-associated decrease in overall cancer
mortality (non-statistically significant DID estimate favoring
nonexpansion states). It is unclear whether the lack of an over-
all effect is due to inadequate follow-up or whether there was
minimal impact on cancer mortality. Data with additional
follow-up will be needed to clarify the trends.

Cancer mortality rates for Black individuals and for lung and
prostate cancers declined more in nonexpansion than in 2014
Medicaid expansion states. However, these estimates are unre-
liable given the failed parallel trends assumption, which non-
parallel trends contributed to the mortality “increases”
(Supplementary Table 5, available online). Although the reasons
for the differential changes are unclear, the lung cancer mortal-
ity trends may be related to decreasing incidence of smoking-
related cancer diagnoses, especially because nonexpansion
states, which historically had the highest rates of smoking,
have had the largest absolute reductions in smoking rates
(Supplementary Table 6, available online) (37–39).

There are several potential reasons for the decreased mor-
tality following early Medicaid expansion. One important factor
likely includes more people being cured of the disease (or at

Table 3. Changes in the uninsured rate associated with the early and 2014 Medicaid expansions

Years compared State group

% Uninsured Pre- to postexpansion change Difference-in-differences

PreexpansionPostexpansion
Percentage

point
No. insured by

expansiona

Percentage
point

No. insured attributed to
expansionb

Early Medicaid expansionc

2007 vs 2013e Early expansion 17.38 16.99 �0.39 209 451 �0.39 211 662
Nonexpansion 19.68 19.69 0.00 NA Reference NA

2007 vs 2012-2016f Early expansion 17.38 12.68 �4.70 2 581 120 �1.92 1 055 706
Nonexpansion 19.68 16.9 �2.78 NA Reference NA

2007 vs 2016g Early expansion 17.38 7.83 �9.54 5 238 685 �3.59 1 970 024
Nonexpansion 19.68 13.73 �5.95 NA Reference NA

2013 vs 2016h Early expansion 16.99 7.83 �9.16 5 027 054 �3.2 1 756 159
Nonexpansion 19.69 13.73 �5.96 NA Reference NA

2014 Medicaid expansiond

2013 vs 2016h Expansion by 2014 15.04 7.5 �7.54 10 770 387 �1.58 2 255 886
Nonexpansion 19.69 13.73 �5.96 NA Reference NA

aThis value represents the estimated number of newly insured individuals in the group of states over the study period (calculated as percentage point increase * expan-

sion state population in final year of comparison). NA ¼ not applicable.
bThis value represents the estimated number of newly insured individuals in the group of expansion states that can be attributed to the Medicaid expansions (calcu-

lated as DID/100 * expansion state population in final year of comparison).
cEarly expansion states include CA, CT, DC, MN, NJ, and WA; not early expansion includes all other states.

Nonexpansion states are those that had not implemented Medicaid expansion as of December 31, 2016; includes AL, FL, GA, ID, KS, ME, MS, MO, NE, NC, OK, SC, SD, TN,

TX, UT, VA, WI, and WY.
d2014 Medicaid expansion states include AZ, AR, CA, CO, CT, DE, DC, HI, IL, IA, KY, MA, MD, MI, MN, NV, NH, NJ, NM, NY, ND, OH, OR, RI, VT, WA, and WV; states that ex-

panded in 2015-16 (AK, IN LA, MT, and PA) were excluded from these analyses.
eThis year comparison estimates the insurance coverage gains from early Medicaid expansion alone (before the enactment of other ACA components and the larger

Medicaid expansions in 2014).
fThis year comparison estimates the insurance coverage gains for the early expansion states over the study period of the present analysis, averaged over all post early-

expansion years.
gThis year comparison estimates the insurance coverage gains for the early expansion states over the study period of the present analysis, based solely on the coverage

rates at the end of the study period.
hThis year comparison estimates the insurance coverage gains for the 2014 expansions.
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least living substantially longer) through improved access lead-
ing to earlier detection and receipt of lifesaving therapy. A num-
ber of studies support the concept that Medicaid expansion
leads to an increased proportion of diagnoses of localized vs ad-
vanced cancers (10,11,15), although not all were statistically sig-
nificant (7). One potential reason for these improvements may
be expansion-associated increases in screening (8,12–14,16,33),
though studies provide mixed results regarding whether the
increases in early-stage cancers occur among cancers amenable
to screening, and our data did not show mortality changes in
cancer sites where screening is routinely available (10,11,15).
Increased access to care could also result in increased early inci-
dental detections (eg, during imaging done for other reasons) or
in decreased delays in presentation for symptoms that lead to a
workup revealing malignancy (eg, due to worry about medical
bills). Consistent with this hypothesis, others have shown
expansion-associated improvements in stage at diagnosis in
cancers for which no screening programs exist (7,11).
Additionally, studies have shown ACA-associated decreases in
cost-related barriers to medical care among cancer patients
(40,41), and financial toxicity is an independent predictor of
cancer mortality (42). Finally, Medicaid expansion is associated
with increased access to surgery and decreased time to treat-
ment initiation for some cancers, though data show mixed
results (43–50). Given the associations of stage at diagnosis, fi-
nancial toxicity, and treatment receipt with cancer outcomes,
Medicaid expansion-related improvements in 1 or more of these
factors may increase survival times and lead to more patients
who achieve durable remissions, hence improving the cancer
mortality rate.

It is improbable that Medicaid expansion would have de-
creased the number of malignancies within this short study pe-
riod, especially because improvements in cancer screening may
not appear until several years following Medicaid expansion
(33). In contrast, recent data suggest Medicaid expansion is as-
sociated with more (primarily localized) cancer diagnoses (10).

Cancer incidence may not have decreased due to Medicaid ex-
pansion; however, comorbid conditions, which worsen cancer
prognosis, may have decreased with improved health-care ac-
cess (51,52).

This study’s strengths include use of a national mortality
database and quasi-experimental design. However, there are
also a number of limitations. The study was observational;
hence, we are unable to determine causal pathways. Due to the
ecological study design, there is the risk of ecological fallacy
(53,54). Individual-level inferences cannot be drawn from these
data; we do not know if the cancer deaths that were averted in
early Medicaid expansion states occurred among individuals
who gained coverage under the Medicaid expansions. Rather,
these data suggest that regions that implemented early
Medicaid expansion saw fewer cancer deaths, which may be at-
tributable to the policy (53,54). Furthermore, due to the county-
level nature of the data, we could not stratify by and/or account
for individual-level socioeconomic factors except race.
Although we focused on adults younger than 65 years, the
adults potentially Medicaid-eligible under the expansions, most
cancer deaths occur in elderly adults; however, it is possible
that, as cohorts age, individuals older than 65 years may see
benefits of the expansions if they gained insurance and greater
access to health (eg, screening) before age 65 years (1). DID
assumptions are based on assumptions that may not be ful-
filled, specifically that 2 comparison groups (early Medicaid ex-
pansion states vs other states) have “parallel trends,” though
testing of trends limited to the preexpansion period was per-
formed (see the Supplementary Methods, available online, for
additional discussion of limitations), and “common shocks,”
where non-policy factors are required to affect each group simi-
larly (5). Such a factor may include the great recession, though a
sensitivity analysis using 2002-2007 as the preexpansion period
gave similar results. Furthermore, there is no perfect compari-
son group for the early expansion states; nonexpansion states
are a heterogeneous group based on geography as well as

Table 4. Changes in cancer mortality rates associated with Medicaid expansions occurring in 2014

Subgroup

Mortality rate, No. per 100 000 population Difference-in-differences

States expanding Medicaid by 2014a Nonexpansion statesb Unadjusted analysis

2011-2013 2015-2017 Change (95% CI) 2011-2013 2015-2017 Change (95% CI) Estimate (95% CI) Pc

All malignancies 73.45 68.63 �4.82 (�5.08 to �4.56) 81.73 76.75 �4.97 (�5.3 to �4.64) 0.15 (�0.26 to 0.57) .47
Breast 14.98 14.04 �0.94 (�1.14 to �0.75) 15.92 15.04 �0.88 (�1.12 to �0.64) �0.06 (�0.38 to 0.25) .69
Cervixd 2.51 2.35 �0.16 (�0.25 to �0.07) 2.94 3 0.06 (�0.08 to 0.2) �0.22 (�0.39 to �0.05) .01
Colorectald 6.77 6.8 0.03 (�0.07 to 0.12) 7.82 7.94 0.13 (�0.02 to 0.27) �0.1 (�0.28 to 0.07) .25
Liverd 4.06 3.85 �0.2 (�0.27 to �0.13) 4.46 4.44 �0.02 (�0.11 to 0.06) �0.18 (�0.29 to �0.07) .001
Lungd 16.58 14.01 �2.58 (�2.7 to �2.45) 20.37 17.16 �3.21 (�3.37 to �3.04) 0.63 (0.42 to 0.84) <.001
Pancreas 4.53 4.52 �0.01 (�0.1 to 0.08) 4.74 4.91 0.17 (0.07 to 0.27) �0.18 (�0.32 to �0.05) .009
Prostated 2.3 2.37 0.07 (�0.01 to 0.15) 2.67 2.59 �0.08 (�0.18 to 0.02) 0.15 (0.02 to 0.27) .02
Whited 73.33 68.6 �4.73 (�5.04 to �4.41) 78.99 74.75 �4.24 (�4.63 to �3.84) �0.49 (�1 to 0.01) .06
Blackd 96.82 88.86 �7.96 (�8.92 to �6.99) 104.74 94.85 �9.89 (�10.86 to �8.93) 1.93 (0.57 to 3.29) .006
Other 47.79 46.81 �0.98 (�1.77 to �0.2) 46.81 46.89 0.08 (�1.53 to 1.69) �1.06 (�2.86 to 0.73) .25

aThe 2014 expansion states included AZ, AR, CA, CO, CT, DE, DC, HI, IL, IA, KY, MA, MD, MI, MN, NV, NH, NJ, NM, NY, ND, OH, OR, RI, VT, WA, and WV. CI ¼ confidence

interval.
hNonexpansion states are those that had not implemented Medicaid expansion as of December 31, 2017; includes AL, FL, GA, ID, KS, ME, MS, MO, NE, NC, OK, SC, SD,

TN, TX, UT, VA, WI, and WY. States that expanded in 2015-17 (AK, IN LA, MT, and PA) were excluded.
cP ¼ 2-tailed P value from Z test of the null hypothesis that the difference-in-differences estimate is equal to 0. See the Supplementary Methods (available online) for

details.
dAnalyses that failed formal testing of the parallel trends assumption included analyses of cervix, colorectal, liver, lung, prostate, White, and Black mortality rates,

which should be interpreted with caution (see Supplementary Table 5, available online for details).
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expansion status, because many states expanded later (after
2016) whereas others never expanded Medicaid. However, sen-
sitivity analyses with different early expansion and comparison
groupings supported the main findings. Finally, a major limita-
tion of the study revolves around the early Medicaid expansions
themselves. Early expansion states expanded at different times,
had heterogeneous Medicaid eligibility criteria, including

varying criteria by county in California and variable usage of
Section 1115 waivers, and enacted further Medicaid eligibility
expansions in 2014 (4). Hence, the relative contribution of cover-
age gains in 2010-2011 toward the present findings is unclear
compared with the much larger Medicaid coverage gains in
2014, state-specific programs, and other possible underlying
factors in early expansion states.

In conclusion, early Medicaid expansion was associated with
decreased cancer mortality rates. Although these early data
suggest benefits of policies designed to increase health-care ac-
cess, further follow-up is needed.
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per 100 000 population. Error bars denote 95% confidence intervals.

A
R

T
IC

LE

J. M. Barnes et al. | 1721



11. Han X, Yabroff KR, Ward E, Brawley OW, Jemal A. Comparison of insur-
ance status and diagnosis stage among patients with newly diagnosed
cancer before vs after implementation of the patient protection and
Affordable Care Act. JAMA Oncol. 2018;4(12):1713. doi:
10.1001/JAMAONCOL.2018.3467.

12. Zerhouni YA, Trinh Q-D, Lipsitz S, et al. Effect of Medicaid expansion on colo-
rectal cancer screening rates. Dis Colon Rectum. 2019;62(1):97–103. doi:
10.1097/DCR.0000000000001260.

13. Wright BJ, Conlin AK, Allen HL, Tsui J, Carlson MJ, Li HF. What does Medicaid
expansion mean for cancer screening and prevention? Results from a ran-
domized trial on the impacts of acquiring Medicaid coverage. Cancer. 2016;
122(5):791–797. doi:10.1002/cncr.29802.

14. Sammon JD, Serrell EC, Karabon P, et al. Prostate cancer screening in early
Medicaid expansion states. J Urol. 2018;199(1):81–88. doi:
10.1016/j.juro.2017.07.083.

15. Barnes JM, Srivastava AJ, Gabani P, Perkins SM. Associations of early
Medicaid expansion with insurance status and stage at diagnosis among
cancer patients receiving radiation therapy. Pract Radiat Oncol. 2020;10(4):
e207–e218. doi:10.1016/j.prro.2019.10.003.

16. Hendryx M, Luo J. Increased cancer screening for low-income adults under
the Affordable Care Act Medicaid expansion. Med Care. 2018;56(11):944–949.
doi:10.1097/MLR.0000000000000984.

17. Liu Y, Colditz GA, Kozower BD, et al. Association of Medicaid expansion
under the patient protection and Affordable Care Act with non–small
cell lung cancer survival. JAMA Oncol. 2020;6(8):1289. doi:
10.1001/jamaoncol.2020.1040.

18. Lam MB, Phelan J, Orav EJ, Jha AK, Keating NL. Medicaid expansion and mor-
tality among patients with breast, lung, and colorectal cancer. JAMA Netw
Open. 2020;3(11):e2024366. doi:10.1001/jamanetworkopen.2020.24366.

19. Sommers BD, Baicker K, Epstein AM. Mortality and access to care among
adults after state Medicaid expansions. N Engl J Med. 2012;367(11):
1025–1034.

20. Miller S, Altekruse S, Johnson N, Wherry L. Medicaid and Mortality: New
Evidence from Linked Survey and Administrative Data. Cambridge, MA: National
Bureau of Economic Research; 2019. doi:10.3386/w26081.

21. Borgschulte M, Vogler J. Did the ACA Medicaid expansion save lives? J Health
Econ. 2020;72:102333. doi:10.1016/J.JHEALECO.2020.102333.

22. *22. Surveillance, Epidemiology, and End Results (SEER) Program (www.seer.
cancer.gov) SEERStat Database: Incidence - SEER 18 Regs Research Data, Nov
2017 Sub (1973-2015) <Katrina/Rita Population Adjustment> - Linked To
County Attributes - Total U.S., 1969-201. 2017. https://www.seer.cancer.gov.
Accessed September 15, 2020.

23. Centers for Disease Control and Prevention. Compressed mortality file, 1999-
2016. https://wonder.cdc.gov/cmf-icd10.html. Accessed September 15, 2020.

24. United States Census Bureau. County intercensal datasets: 2000-2010.
https://www.census.gov/data/datasets/time-series/demo/popest/intercen-
sal-2000-2010-counties.html. Accessed September 14, 2020.

25. United States Census Bureau. County population by characteristics: 2010-
2018. https://www.census.gov/data/tables/time-series/demo/popest/2010s-
counties-detail.html#. 2020. Accessed May 7, 2020.

26. United States Census Bureau. Small Area Income and Poverty Estimates
(SAIPE) Program. https://www.census.gov/programs-surveys/saipe/data/
datasets.html. Accessed September 14, 2020.

27. US Department of Agriculture Economic Research Service. USDA ERS -
county-level data sets. https://www.ers.usda.gov/data-products/county-
level-data-sets/. Accessed January 3, 2020.

28. Kaiser Family Foundation. Medicaid coverage rates for the nonelderly by age.
https://www.kff.org/medicaid/state-indicator/rate-by-age-3/. Accessed July
27, 2020.

29. American Cancer Society. Cancer Facts and Figures for Hispanics/Latinos 2018-
2020. Atlanta: American Cancer Society, Inc.; 2018.

30. Muth�en B. Bayesian Analysis in Mplus: a brief introduction. https://www.
statmodel.com/download/IntroBayesVersion 3.pdf. Accessed June 1, 2020.

31. United States Census Bureau. Small Area Health Insurance Estimates
(SAHIE). https://www.census.gov/data-tools/demo/sahie/#/. Accessed
September 14, 2020.

32. National Cancer Institute, Surveillance, Epidemiology, and End Results
Program. Cancer of any site — cancer stat facts. https://seer.cancer.gov/stat-
facts/html/all.html. Accessed March 3, 2021.

33. Fedewa SA, Yabroff KR, Smith RA, Goding Sauer A, Han X, Jemal A. Changes
in breast and colorectal cancer screening after Medicaid expansion under the
Affordable Care Act. Am J Prev Med. 2019;57(1):3–12. doi:
10.1016/j.amepre.2019.02.015.

34. Mokdad AH, Dwyer-Lindgren L, Fitzmaurice C, et al. Trends and patterns of
disparities in cancer mortality among US Counties, 1980-2014. JAMA. 2017;
317(4):388–406. doi:10.1001/jama.2016.20324.

35. Naishadham D, Lansdorp-Vogelaar I, Siegel R, Cokkinides V, Jemal A. State
disparities in colorectal cancer mortality patterns in the United States.Cancer
Epidemiol Biomarkers Prev. 2011;20(7):1296–1302. doi:10.1158/1055-9965.EPI-11-
0250 [Database ]

36. Lansdorp-Vogelaar I, Goede SL, Ma J, et al. State disparities in colorectal can-
cer rates: contributions of risk factors, screening, and survival differences.
Cancer. 2015;121(20):3676–3683. doi:10.1002/cncr.29561.

37. Howlader N, Forjaz G, Mooradian MJ, et al. The effect of advances in lung-
cancer treatment on population mortality. N Engl J Med. 2020;383(7):640–649.
doi:10.1056/NEJMoa1916623.

38. Jemal A, Thun M, Yu XQ, et al. Changes in smoking prevalence among U.S.
adults by state and region: estimates from the tobacco use supplement to the
current population survey, 1992-2007. BMC Public Health. 2011;11(1):512. doi:
10.1186/1471-2458-11-512.

39. Lortet-Tieulent J, Goding Sauer A, Siegel RL, et al. State-level cancer mortality
attributable to cigarette smoking in the United States. JAMA Intern Med. 2016;
176(12):1792–1798. doi:10.1001/jamainternmed.2016.6530.

40. Barnes JM, Johnson KJ, Adjei Boakye E, Sethi RV, Varvares MA, Osazuwa-
Peters N. Impact of the patient protection and Affordable Care Act on cost-re-
lated medication underuse in nonelderly adult cancer survivors. Cancer.
2020;126(12):2892–2899. doi:10.1002/cncr.32836.

41. Han X, Jemal A, Zheng Z, Sauer AG, Fedewa S, Yabroff KR. Changes in nonin-
surance and care unaffordability among cancer survivors following the
Affordable Care Act. J Natl Cancer Inst. 2020;112(7):688–697.

42. Ramsey SD, Bansal A, Fedorenko CR, et al. Financial insolvency as a risk fac-
tor for early mortality among patients with cancer. J Clin Oncol. 2016;34(9):
980–986. doi:10.1200/J Clin Oncol.2015.64.6620.

43. Mesquita-Neto JWB, Cmorej P, Mouzaihem H, Weaver D, Kim S, Macedo FI.
Disparities in access to cancer surgery after Medicaid expansion. Am J Surg.
2020;219(1):181–184. doi:10.1016/J.AMJSURG.2019.06.023.

44. Eguia E, Cobb AN, Kothari AN, et al. Impact of the Affordable Care Act (ACA)
Medicaid expansion on cancer admissions and surgeries. Ann Surg. 2018;
268(4):584–590. doi:10.1097/SLA.0000000000002952.

45. Sineshaw HM, Ellis MA, Yabroff KR, et al. Association of Medicaid expansion
under the Affordable Care Act with stage at diagnosis and time to treatment
initiation for patients with head and neck squamous cell carcinoma. JAMA
Otolaryngol Head Neck Surg. 2020;146(3):247–255. doi:
10.1001/jamaoto.2019.4310.

46. Albright BB, Nasioudis D, Craig S, et al. Impact of Medicaid expansion on
women with gynecologic cancer: a difference-in-difference analysis. Am J
Obstet Gynecol. 2020;224(2):195.e1–195.e17. doi:10.1016/j.ajog.2020.08.007.

47. Weiner AB, Jan S, Jain-Poster K, Ko OS, Desai AS, Kundu SD. Insurance cover-
age, stage at diagnosis, and time to treatment following dependent coverage
and Medicaid expansion for men with testicular cancer. PLoS One. 2020;15(9):
e0238813. doi:10.1371/journal.pone.0238813.

48. Crocker AB, Zeymo A, McDermott J, et al. Expansion coverage and preferen-
tial utilization of cancer surgery among racial and ethnic minorities and low-
income groups. Surgery. 2019;166(3):386–391. doi:10.1016/j.surg.2019.04.018.

49. Corrigan KL, Nogueira L, Yabroff KR, et al. The impact of the Patient
Protection and Affordable Care Act on insurance coverage and cancer-
directed treatment in HIV-infected patients with cancer in the United States.
Cancer. 2020;126(3):559–566. doi:10.1002/cncr.32563.

50. Takvorian SU, Oganisian A, Mamtani R, et al. Association of Medicaid Expansion
Under the Affordable Care Act with insurance status, cancer stage, and timely
treatment among patients with breast, colon, and lung cancer. JAMA Netw Open.
2020;3(2):e1921653. doi:10.1001/jamanetworkopen.2019.21653

51. Pernenkil V, Wyatt T, Akinyemiju T. Trends in smoking and obesity among
US adults before, during, and after the great recession and Affordable Care
Act roll-out. Prev Med (Baltim). 2017;102:86–92. doi:
10.1016/j.ypmed.2017.07.001.

52. Søgaard M, Thomsen RW, Bossen KS, Sørensen HT, Nørgaard M. The impact
of comorbidity on cancer survival: a review. Clin Epidemiol. 2013;5(Suppl 1):
3–29. doi:10.2147/CLEP.S47150.

53. Schwartz S. The fallacy of the ecological fallacy: the potential misuse of a
concept and the consequences. Am J Public Health. 1994;84(5):819–824. doi:
10.2105/ajph.84.5.819.

54. Strumpf EC, Harper S, Kaufman JS, Fixed effects and difference-in-differen-
ces. In: JM Oakes, JS Kaufman, eds. Methods in Social Epidemiology 2nd ed. New
York: John Wiley & Sons; 2017.

A
R

T
IC

LE

1722 | JNCI J Natl Cancer Inst, 2021, Vol. 113, No. 12

http://www.seer.cancer.gov
http://www.seer.cancer.gov
https://www.seer.cancer.gov
https://wonder.cdc.gov/cmf-icd10.html
https://www.census.gov/data/datasets/time-series/demo/popest/intercensal-2000-2010-counties.html
https://www.census.gov/data/datasets/time-series/demo/popest/intercensal-2000-2010-counties.html
https://www.census.gov/data/tables/time-series/demo/popest/2010s-counties-detail.html#
https://www.census.gov/data/tables/time-series/demo/popest/2010s-counties-detail.html#
https://www.census.gov/programs-surveys/saipe/data/datasets.html
https://www.census.gov/programs-surveys/saipe/data/datasets.html
https://www.ers.usda.gov/data-products/county-level-data-sets/
https://www.ers.usda.gov/data-products/county-level-data-sets/
https://www.kff.org/medicaid/state-indicator/rate-by-age-3/
https://www.statmodel.com/download/IntroBayesVersion 3.pdf
https://www.statmodel.com/download/IntroBayesVersion 3.pdf
https://www.census.gov/data-tools/demo/sahie/#/
https://seer.cancer.gov/statfacts/html/all.html
https://seer.cancer.gov/statfacts/html/all.html

