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Abstract

Purpose: This study examines the impact of Medicaid expansion under the Affordable
Care Act on the stage of lung cancer diagnosis among rural and urban patients in New
Hampshire.

Methods: Data from the New Hampshire State Cancer Registry spanning 2010-2019
were analyzed to compare lung cancer diagnosis stages before and after the July
2014 Medicaid expansion. Rural-urban categorization utilized Rural-Urban Contin-
uum Codes, and logistic regression with difference-in-difference analysis assessed the
differential effects of Medicaid expansion on late-stage diagnoses between rural and
urban patients.

Findings: Post-expansion, there was a significant decrease in the proportion of late-
stage lung cancer diagnoses statewide. Rural patients initially had higher rates of
late-stage diagnoses compared to urban patients, but post-expansion, this disparity
diminished significantly. Logistic regression indicated reduced odds of late-stage diag-
nosis among rural patients after expansion (OR = 0.719, P = .035), demonstrating a
greater benefit in rural areas.

Conclusions: Medicaid expansion in New Hampshire was associated with a substan-
tial reduction in late-stage lung cancer diagnoses, particularly benefiting rural patients
who historically faced higher barriers to health care access. These findings underscore
the potential of Medicaid expansion to mitigate rural-urban disparities in cancer care

outcomes.
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benefit differentially from initiatives aimed at improving access to

care, including expanded health insurance coverage.

Lung cancer is the leading cause of cancer mortality in the United
States but can be ameliorated by reducing late-stage diagnoses
through increased access to care.l?2 Patients in rural settings are more
frequently diagnosed with late-stage cancer and have higher rates of
cancer mortality than patients in urban settings.3~> This rural-urban
divide may stem from systemic and structural factors, including higher
rates of uninsured and decreased access to and receipt of care.®” For

these reasons, lung cancer patients in rural and urban settings may

The Affordable Care Act (ACA) resulted in expanded access to
through increasing pathways to insurance coverage, including increas-
ing eligibility for Medicaid coverage for lower-income people in the
states, like New Hampshire, that adopted this provision. Previous
work has demonstrated that this Medicaid expansion was associ-
ated with earlier diagnosis with a number of malignancies, including
lung cancer.8? For instance, patients who had continuous access to

Medicaid insurance at 3 and 6 months prior were diagnosed with
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earlier stages of lung cancer than patients who were enrolled at the
time of diagnosis.’%=12 On July 1, 2014, New Hampshire joined other
states in expanding access to Medicaid through the ACA by raising
the maximum income eligibility from 75% of the Federal Poverty
Level to 138%.12 Patients living in rural New Hampshire tend to have
lower incomes and educational attainment and are more likely to be
uninsured compared to patients in urban settings.1*1°> Each of these
social drivers create correlated but unique barriers to health and
health care. Thus, the expected differential effects of the Medicaid
expansion on rural and urban patients in New Hampshire are unclear.
In this short report, we analyze the effect of New Hampshire’'s Med-
icaid expansion on late-stage diagnoses of lung cancer by examining
whether there was a differential impact on rural and urban patients.
Patients living in rural (compared to urban) New Hampshire are more
likely to be uninsured and were more likely to enroll in Medicaid after
the expanded eligibility.1>1¢ We thus hypothesized that patients in
rural settings may disproportionately see a reduction in late-stage
diagnoses after the expansion compared to urban patients because of

the comparatively larger gains in access to health insurance.

METHODS

Our data came from the New Hampshire State Cancer Registry
(NHSCR) and included all incident lung cancer cases diagnosed in the
State of New Hampshire from 2010 through 2019.17 Our analytic
cohort consisted of adult lung cancer patients ages 18-64 years old
who were diagnosed in New Hampshire. We excluded patients over
age 65 and those who carry Medicare insurance, as these patient
populations were not directly impacted by the insurance expansion
provisions of the ACA. From 2016 through 2018, New Hampshire used
a CMS waiver to institute a privatized Medicaid expansion called the
Premium Assistance Program (PAP), meaning some patients who ben-
efitted from the expansion were classified as having private insurance.
We, therefore, included patients whose payor is classified as either
Uninsured, Medicaid, Private, or not otherwise specified (NOS) in the
primary analysis.

Our primary outcome measure is cancer stage at diagnosis as
measured by the Surveillance, Epidemiology, and End Results (SEER)
Program of the National Cancer Institute summary variables found in
the NHSCR comprehensive dataset.'® The SEER summary variables
provide a ranking of how far a cancer has spread from its point of
origin at the time of diagnosis, ranging from localized to distant spread.
For our analysis, “Late stage” was defined as patients presenting with
metastatic disease as compared to presentation with local or regional
disease at the time of diagnosis.

We measured patient rurality using Rural-Urban Continuum Codes
(RUCC), which categorize metropolitan counties by their population
size and nonmetropolitan counties by their population size, their
degree of urbanization, and their proximity to metro areas.!?20
Higher values indicate greater rurality, with codes ranging from 1
(Counties in metropolitan areas with a population of 1 million or more)

to 9 (Completely rural or less than 2,500 urban population, and not

adjacent to a metro area). For our analysis, we defined “Rural” to
include small-town counties with urban populations between 2,500
and 19,999, and completely rural counties, with populations less
than 2,500. “Urban” counties included metropolitan counties and
Micropolitan counties with an urban population of at least 20,000.
Outcomes for cancer patients in micropolitan areas are sometimes

2122 and sometimes

more similar to patients in metropolitan areas,
more similar to rural patients,?® and there is currently no strong
consensus among researchers on how best to define “rural.”2425 We
included micropolitan counties as “Urban” rather than “Rural” because
micropolitan patients had similar outcomes to metropolitan patients
prior to 2014 (Figure S3).

The NHSCR asks providers to record patient race separate from
their ethnicity, though a report from 2005 found many New Hampshire
hospitals lacked policies for collecting race data which forced providers
to depend on visual inspection and introduced bias.2¢ Further, New
Hampshire patients are 98% White, reducing the statistical power and
validity analyses based on patient race. We omit patient race from
our primary analysis for these reasons and because patient race is
not a component of our theoretical framework. Sensitivity analyses
including race/ethnicity did not significantly alter the results.

We generated a binary post-expansion variable to examine stage
diagnosis before and after New Hampshire expanded Medicaid
in 2014. We estimated the differential impact of rurality on the
effect of the Medicaid expansion on late-stage diagnosis through a
difference-in-difference analysis by interacting our binary rurality
and post-expansion variables using logistic regression. The binary
post-expansion variable was defined as O if years 2010 through 2013
and 1 if diagnosed in years 2015 through 2019. We omitted data
from the year 2014 in our analysis to cleanly divide the sample into
years before and after the policy’s implementation. We estimate the
odds of late-stage diagnosis for rural and urban patients in separate
models before and after the expansion to test whether rurality was a
significant predictor in both time periods. We included covariates for
patient age, patient sex, a year variable to capture temporal trends,
and within-state Area Deprivation Index (ADI) based on the location
of diagnosis. The ADI ranks neighborhoods at the US Census block
group level by socioeconomic disadvantage in the domains of income,
education, employment, and housing quality.27-28

Several secondary analyses were conducted to assess the robust-
ness of the primary findings. A sensitivity model included payor type,
with Medicaid enrollees as the reference group, to examine the effect
of insurance status. A test of the parallel trends assumption was
performed to ensure no significant pre-2014 differences in diagnosis
trends between rural and urban populations. Additionally, 4 alternative
models were tested, classifying RUCC 4-5 residents as urban.

In 2013, The US Preventive Services Task Force (USPSTF) recom-
mended annual screening for lung cancer with low-dose computed
tomography (LDCT) for adults aged 55-80 years who have a 30-pack-
year smoking history and currently smoke or have quit within the past
15 years.2? However, uptake of LDCT has been limited: the screening
rate in New England was estimated between 12.8% and 15.2% of the

total number of patients eligible in 2018.3° As additional secondary
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TABLE 1

Age (M/SD)
Female (N/%)

Deprivation Index (M/SD)
Race (N/%)

Black; Asian/Pacific Islander; Other; Unknown

White

SEER Summary (N/%)

Local

Regional

Distant

Payor (N/%)

Uninsured

Private

Medicaid

NOS

Rurality (N/%)
Urban

Rural

Descriptive statistics of the analytic cohort.
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Post-expansion

2010-2013 2015-2019 P-value
56(6.2) 58(5.7) P< .001
599 783 .348
53.0% 54.9%
5.6(2.8) 5.7(2.7) 621
696
23 26
2.0% 1.8%
1,107 1,401
98.0% 98.2%
P< .001
177 358
16.1% 25.9%
281 360
25.5% 26.1%
643 664
58.4% 48.1%
151 68 P< .001
14.2% 4.4%
559 998
52.6% 64.3%
132 296
12.4% 19.1%
222 190
20.9% 12.2%
247
681 892
60.3.% 62.5%
449 535
39.7% 37.5%

analyses, we used a linear Poisson regression and a frequency plot
(Supplementary Materials, Table S3 and Figure S1) to examine whether
the annual number of lung cancer diagnoses in New Hampshire
increased after the 2013 USPSTF recommendation.

All analyses were conducted in Stata Version 18. P-values less
than or equal to .05 were considered statistically significant. The
study was deemed exempt from review by the Dartmouth-Hitchcock
Institutional Review Board.

RESULTS

Of the 2,557 patients in our analytic cohort, 1,382 (54.1%) were
female and 2,508 (98.3%) were White (Table 1). Patients resided in
communities with an average ADI of 5.7 (SD = 2.7), and 984 (38.4%)
patients lived in rural New Hampshire. During the study period, 1,307

(52.6%) patients were diagnosed with late-stage lung cancer.

Patients diagnosed after New Hampshire’s Medicaid expansion
were older, while patient sex, ADI, race, and rurality were comparable
before and after the expansion. The share of patients who were
uninsured decreased by 9.8 percentage points after the Medicaid
expansion, while the share of patients covered by Medicaid or Private
insurance increased by 6.7 and 11.7 percentage points, respectively.
The proportion of patients diagnosed with late-stage cancer dropped
from 58.4% before the expansion to 48.1% after the expansion, while
the proportion of patients diagnosed with local lung cancer increased
from 16.1% to 25.9%.

In a multivariable-adjusted logistic regression, patients diagnosed
with lung cancer after 2014 were associated with significantly lower
odds (OR = 0.719; P = .035) of late-stage diagnosis (for full model
details, see Table S1, Model 3 in the Supplementary Materials). The
model also demonstrated reduced odds of late-stage diagnosis for
females (OR = 0.725; P < .001), and for each additional year, a patient
was aged (OR = 0.985; P = .020). While this model predicted no
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TABLE 2 Change in late-stage diagnosis of lung cancer in rural and urban New Hampshire before and after 2014 Medicaid expansion.

Rural Urban

Difference-in-difference estimate

Difference

-19.6% 56.4%

Pre-expansion Pre-expansion

67.3% 47.7%

Post-expansion

Unadjusted Adjusted?
Post-expansion Difference odds ratio odds ratio
47.6% -8.8% 0.602 0.597

P=.047 P=.045

Note: Difference-in-difference estimates include 95% confidence intervals in parentheses.

aControlling for patient age, sex, area deprivation index, and year of diagnosis.
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FIGURE 1 Unadjusted trends in percent of lung cancer patients
presenting as late stage in New Hampshire (2010-2019), by rurality.
Note: Shaded area indicates the time of Medicaid expansion. Medicaid,
Uninsured, Private, and NOS payers are included.

significant effects for patient rurality (P = .153), subsequent models
indicated significantly higher odds of the late stage for rural patients
before the expansion, but not after (see Models 2 through 5 in the
Supplementary Materials). Next, we examine whether the effects of
the expansion differed by patient rurality.

Figure 1 presents unadjusted trends in the proportion of late-stage
diagnoses of lung cancer throughout the study period for rural and
urban patients. Table 2 presents difference-in-difference estimates
of differential effect of New Hampshire’s Medicaid expansion on
patients’ likelihood of late-stage presentation at diagnosis. Prior to
the 2014 insurance expansion, 67.3% of rural patients were diagnosed
with late-stage lung cancer which was significantly higher than 56.4%
of urban patients (P = .008; Model 4 in Supplementary Materials).
After the expansion, the proportion of late-stage diagnoses decreased
by 19.6 percentage points among rural patients and 8.8 percentage
points among urban patients, resulting in no difference between the
percentage of rural (46.9%) and urban (46.4%) patients diagnosed with
late-stage lung cancer (P = .684; Model 5 in Supplementary Materials).
While both groups saw a reduction in late-stage diagnoses, both
unadjusted (P = .047) and adjusted (P = .045) models demonstrated
a greater reduction in odds ratios for late-stage diagnosis among rural
patients after expanded coverage compared to urban patients. Full
models and diagnostics are presented in Table S1.

A sensitivity model, which included payor as a variable with Med-

icaid enrollees as the comparison category, found that the primary

effects of rurality and the interactive Difference-in-Difference effect
remained statistically significant (Table Sé). A statistical test of the par-
allel trends assumption indicated no significant difference in the slopes
of rural and urban diagnosis trends prior to 2014. Four additional
models assessed whether including residents of RUCC 4-5 as urban
influenced the estimates (Table S5). Rural patients had a higher stage at
diagnosis than urban patients with no significant differences between
micro- and metropolitan patients, indicating that combining micro-
and metropolitan patients as urban for comparison with small town
and rural patients was appropriate. Analysis for differential changes
in diagnosis after the 2013 USPSTF recommendation found that
the annual incidence rate of lung cancer diagnoses in New Hampshire
decreased slightly each year from 2010to 2019 (IRR =0.992; P < .001)
and did not differ by rurality (P = .444). These findings are consistent
with the nationally decreasing rate in smoking and inconsistent with a
spike in diagnoses, which might be expected if our results were driven

by increased screening.?

DISCUSSION

In this study of New Hampshire's lung cancer diagnoses from 2010
to 2019, we found that the ACA’s Medicaid expansion was associated
with significant decreases in late-stage diagnoses. Further, we found
that late-stage diagnoses were higher among patients living in rural
settings prior to the expansion. Proportions of late-stage diagnoses
decreased across the state after the insurance expansion but more
so for rural patients. Consequently, after expansion, there was no
longer a statistically significant difference in the late-stage diagnosis
between rural and urban patients. Our data demonstrated that the
2014 Medicaid expansion was associated with a dissolution of the
disparity between rural and urban patients in late-stage diagnoses of
lung cancer.

New Hampshire joined other states in expanding Medicaid in
2014 to increase access to care for citizens with low incomes and
to decrease barriers to timely receipt of care. Our study focused
on late-stage diagnoses of lung cancer, an outcome for which a sig-
nificant disparity existed between urban and rural patients in New
Hampshire. Although research shows that patients in rural settings
often have more obstacles to care than patients in urban settings,
our findings suggest that addressing just one of these barriers (insur-
ance coverage) may significantly decrease rural disparities in lung

cancer.'*
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These findings add to the broader literature on how expanding Med-
icaid access affects cancer-stage diagnoses. Prior research indicates
that expanding Medicaid access had led to earlier-stage diagnoses of
multiple cancers, including lung, in several states.’%-12 The literature
finds mixed effects for rurality on stage: While some data suggest that
rurality is associated with higher rates of late-stage cancer diagnosis,
orisnearly associated with later-stage diagnosis, other data suggest no
effect on stage diagnosis.3~33 Our paper contributes to this literature,
finding that rural patients had higher initial proportions of late-stage
lung cancer and benefitted differentially from New Hampshire’s
Medicaid expansion.

Reducing geographic disparities in cancer diagnosis is critical, but
advancements in lung cancer care often disproportionately benefit
urban patients, potentially worsening mortality disparities.3* One
reason is that urban patients typically have better access to advanced
prevention and treatment services.3>3¢ Further, living in a rural area
independently increased the risk of death for lung cancer patients who
received surgical treatment even after accounting for cancer stage,
patient and hospital characteristics, and travel distance.?” To address
these disparities, efforts must focus on reducing late-stage diagnoses,
improving access to high-quality treatments, and tackling the unique
risks associated with rural living.

Our findings must also be considered in the context of a number
of limitations. First, we included patients with private insurance
in our analysis to avoid omitting patients who benefited from
New Hampshire’'s PAP waiver program from 2016 to 2018. While
some privately insured patients may have benefited from Medicaid
Expansion, many others remained unaffected. Including patients
unaffected by the expansion reduces the study’s power to detect
the policy’s impact on stage at diagnosis and likely biases our find-
ings in the null direction. Additional limitations include single-state
analyses that may not be generalizable to other states or regions.
However, our results provide key insights into a highly rural and
understudied state in Northern New England. We were also unable
to determine which specific patients gained coverage through the
ACA-related provisions. However, results provide an important
population-level evaluation of Medicaid expansion effects in rural

communities.

CONCLUSIONS

In this study of New Hampshire’s lung cancer patients, the ACA’s Med-
icaid expansion was associated with a greater reduction in late-stage
diagnoses among rural patients compared to urban patients. Our data
reinforce how expanding access to health care can have differential
benefits for rural communities. As policymakers weigh benefits of
expanding access to care, these findings provide important data linking

health outcomes to Medicaid’s coverage expansion.
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