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Abstract.
BACKGROUND: Bladder cancer patients who are insured experience improved outcomes. Medicaid expansion aimed to
increase insurance coverage and improve access to care. However, the association between Medicaid expansion and stage at
diagnosis or time to treatment for those with advanced bladder cancer is unknown.
OBJECTIVE: We sought to determine to association of Medicaid expansion with stage at diagnosis, and time to treatment
for patients with muscle-invasive bladder cancer.
METHODS: A US-based cancer registry was utilized to evaluate the association between Medicaid expansion and cancer
stage at diagnosis, insurance rates, and time to treatment (>60 days from diagnosis) for those diagnosed with bladder cancer.
We compared outcomes in non-Medicare-aged patients in non-expansion states (n = 16,602) and expansion states (n = 15,921)
before (years 2012-2013) and after (years 2015-2016) Medicaid expansion with adjusted difference-in-differences (DIDs)
using multivariable linear regression.
RESULTS: The DIDs of percentage of bladder cancer patients with Stage ≥ II disease (0.02%; 95% confidence interval
[CI] –1.91 to 1.95%, p = 0.9), without insurance (–0.65%; 95% CI –1.71 to 0.41), and with metastatic disease at diagnosis
(–0.07%; 95% CI –1.14 to 1.00, both p > 0.10) did not change following insurance expansion despite an increase in Medicaid
coverage (6.03%; 95% CI 4.79 to 7.29, p < 0.01). Any treatment with either cystectomy, radiation or systemic therapy > 60
days after diagnosis of stage ≥ II disease did not change (DID 1.48%; 95% CI –3.29 to 6.25%, p = 0.50). On subgroup analysis
of patients living in low-income regions, the rates of stage ≥ II disease, no insurance, metastatic disease, and time to treatment
did not significantly change.
CONCLUSION: Medicaid expansion was not associated with changes in advanced cancer stage at diagnosis or time to
treatment in newly diagnosed bladder cancer patients.
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INTRODUCTION

Bladder cancer is the sixth most common type
of malignancy and will be responsible for an esti-
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mated 17,700 deaths in 2019 across the United States
[1]. Given the heavy financial burden of managing
bladder cancer, insurance coverage has become an
increasingly important aspect of coordinating patient
care [2, 3]. Unsurprisingly, worse bladder cancer out-
comes have been observed in patients without health
insurance [4–6]. In an effort to reduce rates of un-

ISSN 2352-3727/20/$35.00 © 2020 – IOS Press and the authors. All rights reserved
This article is published online with Open Access and distributed under the terms of the Creative Commons Attribution Non-Commercial License (CC BY-NC 4.0).

mailto:oliver.ko@{penalty -@M }northwestern.edu


144 O.S. Ko et al. / Medicaid Expansion and Bladder Cancer

insurance, the Affordable Care Act (ACA), passed in
2010, led to Medicaid expansion beginning in 2014 in
several states which expanded coverage to individuals
with an income up to 138% of the federal poverty line.

As of July 2019, 36 states and the District of
Columbia have adopted Medicaid expansion. These
changes have increased Medicaid enrollment by 13.1
million [7, 8] and subsequently decreased uninsured
rates [9]. Early analyses following these expan-
sions have documented an increase in earlier stage
diagnoses of all cancers as a group; however, no sig-
nificant change has been noted for bladder cancer [9].
Additional work has suggested the rates of surgery
for bladder cancer did not change following expan-
sion [10], yet no data has explored advanced disease
nor assessed changes in access to timely treatment,
an important factor related to outcomes for stage ≥ II
disease [11].

We sought to determine the association between
Medicaid expansion and stage at diagnosis of newly
diagnosed bladder cancer and time to treatment
for stage ≥ II disease. We queried a large national
dataset and compared temporal trends between
patients residing in states that did or did not expand
Medicaid.

MATERIALS AND METHODS

Study design

This was a large, retrospective cohort study
involving data from The National Cancer Database
(NCDB). The NCDB is a large, hospital-based reg-
istry maintained by the American Cancer Society and
the American College of Surgeons, which captures
greater than 70% of new cancer diagnoses in the US
[12]. The study was exempt from Institutional Review
Board approval.

Patients

We examined non-Medicare-aged patients (aged
19–64) from the years of 2012 to 2013 (pre-
expansion) and 2015 to 2016 (post-expansion) with a
diagnosis of bladder cancer and known insurance sta-
tus (n = 32,950). We excluded patients for whom data
on regional income or education level was unavail-
able (n = 427, 1.3%). 32,523 patients were included
in the final analysis. Information about metastatic dis-
ease at diagnosis, stage ≥ II disease at diagnosis, and
time from diagnosis to treatment for stage ≥ II dis-
ease was available for 94.8% (n = 30,848), 92.4%

(n = 30,064), and 16.9% (n = 5,485) of the cohort
respectively.

Independent variables

The year of diagnosis was the primary expo-
sure of interest. Pre-insurance expansion was defined
from the years of 2012-2013 and post-insurance
expansion was defined as years of 2015-2016, with
2014 excluded as a washout year to allow for
insurance transition. Other covariates of interest
included in the adjusted regression model were age,
race/ethnicity (Non-Hispanic White, non-Hispanic
Black, Hispanic, or other/unknown), Charlson/Deyo
comorbidity index (0, 1, >1), geographic location,
facility type (community, comprehensive, academic
or other), median household income, and education
level (rate of high school education attainment) [13].
The American Community Survey data from 2013-
2017 was utilized to determine quartiles for income
classification with low annual income defined as the
lowest quartile or <$40,227, the lowest available cat-
egory in NCDB for income from 2012-2016 [14].

Outcomes

The primary outcome of interest was percent-
age of patients diagnosed with stage ≥ II disease
as defined by American Joint Committee on Can-
cer 8th edition. This stage cutoff was chosen as
it is the inflection point of significantly increased
cancer-specific mortality [15, 16]. Secondary out-
comes included percentage of insured patients with
bladder cancer, percentage of patients with metastatic
disease at diagnosis, and time to treatment >60 days
with cystectomy, radiotherapy or systemic therapy for
stage ≥ II disease, and changes in Medicaid coverage
[17].

Subgroup analysis

Given that the low annual income group was
most likely to benefit from Medicaid expansion,
we assessed the same primary and secondary out-
comes for this subgroup. Comparisons of stage and
treatment outcomes between low-income and the
non-insured were not performed given the two were
not mutually exclusive with the proportion of unin-
sured patients in each income group ranging from
10.4% in the lowest income tier to 3.3% in the highest
tier.
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Statistical analysis

Comparisons of patient characteristics between
the expansion and non-expansion patients were
performed using Mann-Whitney U for continuous
variables and Chi-squared for the remaining categor-
ical variables.

Given potential external confounders and pre-
existing trends affecting insurance coverage, we
utilized difference-in-difference (DID) analyses,
which have previously been described to investigate
insurance expansion outcomes [9, 18]. Unforeseen
external factors or trends altering insurance status
with time should be addressed with this method as the
control group is subject to the same external factors
as the exposure group and thus the DID reflects the
effect of the exposure. The control group consisted
of adults meeting the inclusion criteria that resided in
a state without Medicaid expansion, while the inter-
vention group consisted of individuals that resided
in states experiencing Medicaid expansion on Jan-
uary 1, 2014. We used multivariable linear regression
including all covariates in Table 1 for each outcome
of interest with an interaction term to account for the
relationship between intervention or control and pre-
and post-exposure variables. This interaction coeffi-
cient generated the DID of the percentages for each
outcome to examine the consequences of exposure
status on the control and intervention groups. All sta-
tistical tests were performed using Stata 13 (College
Station, TX) with two-sided tests and p-value <0.05
considered statistically significant.

RESULTS

Patient characteristics

Of the 32,523 patients included for the analysis,
16,602 patients resided in non-expansion states
and 15,921 patients resided in expansion states.
When compared to patients in non-expansion states,
patients in expansion states were more likely to
be white (84.4% vs. 82.1%), have lower baseline
comorbidities (23.2% vs. 24.8%), be treated at
academic facility (41.4% vs. 28.9%), reside in
regions of higher income (<$63,333 annual income;
42.2% vs. 26.2%), and live in areas of greater high
school attainment (highest quartile of high school
educated zip code; 27.9% vs. 20.2%; all p < 0.01).
No differences were seen in year of diagnosis, age,
or gender when comparing patients residing in
expansion vs non-expansion states (Table 1).

Insurance status

Across the period of interest, the percent of patients
without insurance was low. A total of 15,061 or
90.7% of patients residing in non-expansion states
had insurance coverage compared to 15,298 or 96.1%
(p < 0.001) of patients residing in expansion states
(Table 1). Rates of no insurance decreased with time
for both the control and exposure groups (11.1%
to 7.5% in non-expansion states vs. 6% to 1.9% in
expansion states; Fig. 1). Relative to non-expansion
states, expansion states saw a decrease in uninsured
rates of 0.65%, although this was not statistically sig-
nificant (95% CI –1.71% to 0.41%, p = 0.23; Table 2).
There was an increase in Medicaid coverage (6.03%
DID, 95% CI 4.79 to 7.29, p < 0.001) post-expansion.
On subgroup analysis of patients living in regions
of low-income, the DID was also not significant
(–2.28% DID, 95% CI –5.34 to 0.79, p = 0.146;
Table 3). Again, Medicaid coverage also increased
in this subgroup (8.5% DID, 95% CI 4.41 to 11.70,
p < 0.001).

Stage at diagnosis and time to treatment

There were fewer patients diagnosed with
stage ≥ II in patients residing in expansion states
compared to non-expansion states (23.6% vs. 27.2%,
p < 0.01) with no difference in presentation of
metastatic disease at diagnosis (6% vs. 6.3%, p = 0.2;
Table 1). Delayed treatment time (>60 days after
diagnosis) for stage ≥ II cancer was also not differ-
ent between the expansion and non-expansion groups
(28.7% vs. 28.4%, p = 0.8; Table 1). On adjusted anal-
ysis, there was no significant difference in rates of
stage ≥ II diagnosis (0.02%; 95% CI –1.91 to 1.95,
p = 0.985), rates of metastatic disease at diagnosis
(–0.07%; 95% CI –1.14 to 1, p = 0.897), or treatment
time >60 days after diagnosis amongst the two groups
(1.48%; 95% CI –3.29 to 6.25, p = 0.543) (Table 2).
On subgroup analysis of the low-income cohort, there
were also no significant DIDs for rates of stage ≥ II
disease at diagnosis, rates of metastatic disease at
diagnosis or treatment time >60 days after diagno-
sis (–0.36%; 95% CI –5.23 to 4.52; –0.98%; 95%
CI –3.75 to 1.78; 7.97%; 95% CI –3.08 to 19.01, all
p > 0.05) respectively (Table 3).

DISCUSSION

The high financial burden of bladder cancer may
explain why lack of insurance coverage has been
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Table 1
Patient Characteristics

Characteristic Non-expansion, n Expansion, n (%) pa

(%) (%)

Total 16,602 (100.0) 15,921 (100.0)
Year

2012 4,018 (24.2) 3,947 (24.8) 0.4
2013 4,098 (24.7) 3,926 (24.7)
2015 4,290 (25.8) 4,131 (26.0)
2016 4,196 (25.3) 3,917 (24.6)

Age, year
Median (IQR) 58 (54–62) 58 (54–62) 0.6

Sex
Male 12,441 (74.9) 11,893 (74.7) 0.6
Female 4,161 (25.1) 4,028 (25.3)

Race/Ethnicity
White 13,624 (82.1) 13,436 (84.4) <0.001
Black 1,566 (9.4) 1,034 (6.5)
Hispanic 603 (3.6) 435 (2.7)
Unknown/other 809 (4.9) 1,016 (6.4)

Comorbidities
0 12,480 (75.2) 12,239 (76.9) 0.001
1 2,961 (17.8) 2,591 (16.3)
>1 1,161 (7.0) 1,091 (6.9)

Geographic Location
Northeast 436 (2.6) 5,481 (34.4) <0.001
South/Southwest 3,096 (18.7) 5,702 (35.8)
Midwest 10,234 (61.6) 2,328 (14.6)
West 2,836 (17.1) 2,410 (15.1)

Facility Type
Community 1,804 (10.9) 1,828 (11.5) <0.001
Comprehensive 7,358 (44.3) 5,802 (36.4)
Academic 4,805 (28.9) 6,596 (41.4)
Other 2,635 (15.9) 1,695 (10.7)

Income
≤$40,227 3,875 (23.3) 2,373 (14.9) <0.001
$40,227–50,353 4,496 (27.1) 3,131 (19.7)
$50,354–63,332 3,884 (23.4) 3,696 (23.2)
≥$63,333 4,347 (26.2) 6,721 (42.2)

Non-high school educated in patient’s zip code
≥17.6% 4,087 (24.6) 2,573 (16.2) <0.001
10.9–17.5% 4,852 (29.2) 4,194 (26.3)
6.3–10.8% 4,308 (26.0) 4,709 (29.6)
≤6.3% 3,355 (20.2) 4,445 (27.9)

No insurance
No 15,061 (90.7) 15,298 (96.1) <0.001
Yes 1,541 (9.3) 623 (3.9)

Metastatic disease at diagnosisb

No 14,767 (93.7) 14,178 (94.0) 0.2
Yes 999 (6.3) 904 (6.0)

Stage at diagnosis ≥ IIb,c

No 11,105 (72.8) 11,319 (76.4) <0.001
Yes 4,151 (27.2) 3,489 (23.6)

For those with stage at diagnosis ≥ II, treatment >60 days after diagnosisb

No 2,125 (71.7) 1,796 (71.3) 0.8
Yes 841 (28.4) 723 (28.7)

aMann-Whitney U analysis was performed to compare median age, rest of categorical variables
were compared with Chi-squared. bNot every patient had information on this outcome, see Table 2.
cBased on AJCC 8th Edition. Abbreviations: IQR, inter-quartile range.

linked with worse oncologic outcomes [2–6]. The
ACA led to Medicaid expansion in 2014, which
expanded coverage for select individuals in 36 states

and the District of Columbia [7, 9]. Despite an
increase in Medicaid coverage, we found no change
in earlier stage ≥ II diagnosis. Moreover, there was no
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Fig. 1. Temporal Trends in Outcomes Pre- and Post-Medicaid Expansion. Vertical line denotes pre- and post-insurance expansion. Error
bars denote 95% confidence intervals. Treatment delay analysis included only stage ≥ II cancer.

Table 2
Adjusted Difference-in-Difference Analysis Pre- and Post-Expansion for Patients

Diagnosed with Bladder Cancer

Outcome DID, % (95% CI) p n

No Insurance –0.65 (–1.71 to 0.41) 0.229 32523
Metastatic Disease –0.07 (–1.14 to 1.00) 0.897 30848
Stage ≥ II 0.02 (–1.91 to 1.95) 0.985 30064
Treatment >60 days after diagnosis 1.48 (–3.29 to 6.25) 0.543 5485
Medicaid coverage 6.03 (4.79 to 7.29) <0.001 32523

Difference-in-differences were calculated using multivariable linear regression that included an interaction
term between pre- and post-expansion and whether or not a patient lived in an expansion or non-expansion
state. All covariates from Table 1 starting from year of diagnosis to high school educational attainment
were included in the regression model. Abbreviation: DID, difference-in-differences.

difference in the overall, no insurance rates of patients
diagnosed with bladder cancer residing in expan-
sion states relative to non-expansion states, rates of
metastatic disease on presentation, and time to treat-
ment >60 days.

Delays in the diagnosis of bladder cancer is a
predictor of increased risk of mortality independent
of tumor characteristics [19]. Recent studies have
shown that Medicaid expansion has increased access
to screening, rates of overall cancer detection and
earlier-stage diagnoses in some cancers, particularly

those with clear screening guidelines (e.g. colorec-
tal, breast, cervical) [6, 9, 20, 21]. Contrary to these
findings, we did not find an increase in stage ≥ II
diagnoses following Medicaid expansion, regard-
less of income status. This may be attributable to
the higher prevalence of bladder cancer in elderly
patients precluding them from Medicaid eligibil-
ity and our analyses [22]. There were only 30,064
patients with stage information that met our inclu-
sion criteria and this number may not have been
robust enough to detect a significant difference. Our
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Table 3
Adjusted Difference-in-Difference Analysis Pre- and Post-Expansion for Low-Income Patients Diagnosed

with Bladder Cancera

Outcome DID, % (95% CI)

No Insurance –2.28 (–5.34 to 0.79) 0.146 6248
Metastatic Disease –0.98 (–3.75 to 1.78) 0.485 5860
Stage ≥ II –0.36 (–5.23 to 4.52) 0.886 5727
Treatment >60 days after diagnosis 7.97 (–3.08 to 19.01) 0.157 1225
Medicaid Coverage 8.5 (4.41 to 11.70) <0.001 6248

Difference-in-differences were calculated using multivariable linear regression that included an interaction
term between pre- and post-expansion and whether or not a patient lived in an expansion or non-expansion
state. All covariates from Table 1 starting from year of diagnosis to high school educational attainment were
included in the regression model. aLow-income was defined as a median household income of ≤$40,227
a year, the lowest quartile used by the American Community Survey in 2016.

findings of no increase in overall insurance coverage
despite Medicaid expansion in this population, may
also explain the comparable stage ≥ II diagnosis rates
following expansion. The similar rates of metastatic
disease on presentation pre- and post-expansion on
DID analysis is also not surprising given no increase
in earlier diagnosis with insurance expansion. We did
not evaluate changes in stage and treatment between
the uninsured group vs. low-income as the two were
not mutually exclusive, thus it is difficult to interpret
differences between these two groups. Furthermore,
the limited number of non-insured patients with stage
information (<2000) diminishes any strong conclu-
sions between the two groups.

Eguia and colleagues using the Healthcare Cost
and Utilization Project (HCUP) and State Inpatient
Database (SID) found that uninsured rates were 3.8%
in expansion states and 8.9% in non-expansion states,
similar to our findings [10]. The higher rates of Med-
icaid coverage in the expansion group found in that
study suggests that expansion resulted in increased
rates of Medicaid coverage which mirrors our find-
ings. While there was a significant difference favoring
lower rates of no insurance in the expansion cohort in
our analysis, this difference was not seen when DID
was calculated. This discrepancy between no change
in no insurance rates despite an increase in Medicaid
coverage post-expansion in this cohort suggests these
patients are transitioning from one form of insurance
to Medicaid rather than converting from no insurance
to Medicaid. A recent analysis of self-reported rea-
sons for non-insurance in cancer survivors revealed
an alarming 2.65 increased odds ratio of not hav-
ing insurance coverage despite Medicaid expansion
amongst smokers [23]. Given the well-established
link between smoking and bladder cancer, it may
explain why we did not find an increase in overall
insurance coverage due to Medicaid expansion on a

population level, although further investigation in this
area is warranted [24].

In addition to delay in diagnosis, delayed time
to definitive treatment has also been correlated with
worse survival for stage II and higher bladder can-
cer [11, 25]. A recent, systematic review reiterated
that delays from diagnosis to treatment of >12 weeks
are associated with increased risk of death [26]. We
found no difference in time to local or systemic
treatment (>60 days from diagnosis) following Med-
icaid expansion for stage II or higher disease. The
stability seen in uninsured rates in the years fol-
lowing expansion likely explains this observation. A
study evaluating the impact of Medicaid expansion
for cancer surgery, which likewise found no signifi-
cant difference in rates of surgery for bladder cancer,
lends credence to our findings pertaining to time to
treatment [10].

Our results must be interpreted in the context of the
several limitations of this study. First, the total num-
ber of patients included in the analysis may be too
low to detect statistical significance. This is an inher-
ent problem in investigating this question given that
the median age of bladder cancer is in the 70s, which
lies in the range of Medicare eligibility [22, 27]. An
analysis of over 2.4 million patients to evaluate can-
cer diagnosis stage following Medicaid expansion
found that patients with bladder cancer comprised
less than 1% of patients studied [9]. Second, this
is a retrospective, NCDB study, which has inherent
limitations with selection bias. NCDB data comes
from accredited Commission on Cancer hospitals,
which may not reflect the general US population
[28]. Moreover, on our low-income subgroup anal-
ysis, the lowest NCDB income category (≤$40,227),
may include patients ineligible for Medicaid; how-
ever, an increase in Medicaid coverage was still noted
in this subgroup. A third limitation of this study is the
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relatively short follow-up after insurance expansion
(2015-2016). The effects of this policy change may
take more time to manifest and longer follow-up is
needed. Finally, our selected endpoints serve as sur-
rogate makers of quality cancer care, cancer-specific
survival and overall survival.

To conclude, our analysis of NCDB data revealed
no differences in stage ≥ II diagnoses, rates of no
insurance coverage, rates of metastatic disease on
presentation, nor percentage of patients experienc-
ing time to treatment with cystectomy, radiotherapy,
or systemic treatment >60 days following Medicaid
expansion. Future efforts should focus on exploring
what factors are prohibitive to increasing insurance
coverage following Medicaid expansion in this pop-
ulation. It would be valuable to understand why the
positive effects of Medicaid expansion on the diag-
nosis and treatment of other cancers are not currently
seen for patients with bladder cancer, as well as why
uninsured rates did not change. Longer-term follow-
up is needed to assess if these outcomes will change
with time and wider adoption of Medicaid expansion.

CONCLUSIONS

In a national cohort of Medicaid-eligible patients
diagnosed with bladder cancer, there were no differ-
ences between patients residing in expansion states vs
non-expansion states with regard to stage at diagnosis
or time to definitive or systemic treatment follow-
ing Medicaid expansion for muscle-invasive disease,
likely explained by stable no insurance rates. A bet-
ter understanding of why no insurances rates did not
increase with Medicaid expansion is necessary as is
longer follow-up and survival outcomes to under-
stand the impact of this legislation on patients with
bladder cancer.
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