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Abstract
Introduction  Colorectal cancer screening continuously decreased its mortality and incidence. In 2010, the Affordable Care 
Act extended Medicaid eligibility to low-income and childless adults. Some states elected to adopt Medicaid at different 
times while others chose not to. Past studies on the effects of Medicaid expansion on colorectal cancer screening showed 
equivocal results based on short-term data following expansion.
Aims  To examine the long-term impact of Medicaid expansion on colorectal cancer screening among its targeted population 
at its decade mark.
Methods  Behavioral Risk Factor Surveillance System data were extracted for childless adults below 138% federal poverty 
level in states with different Medicaid expansion statuses from 2012 to 2020. States were stratified into very early expansion 
states, early expansion states, late expansion states, and non-expansion states. Colorectal cancer screening prevalence was 
determined for eligible respondents. Difference-in-differences analyses were used to examine the effect of Medicaid expan-
sion on colorectal cancer screening in states with different expansion statuses.
Results  Colorectal cancer screening prevalence in very early, early, late, and non-expansion states all increased during the 
study period (40.45% vs. 48.14%, 47.52% vs 61.06%, 46.06% vs 58.92%, and 43.44% vs 56.70%). Difference-in-differences 
analysis showed significantly increased CRC screening prevalence in very early expansion states during 2016 compared 
to non-expansion states (Crude difference-in-differences + 16.45%, p = 0.02, Adjusted difference-in-differences + 15.9%, 
p = 0.03). No statistical significance was observed among other years and groups.
Conclusions  Colorectal cancer screening increased between 2012 and 2020 in all states regardless of expansion status. 
However, Medicaid expansion is not associated with long-term increased colorectal cancer screening prevalence.

Keywords  Affordable Care Act · Medicaid expansion · Colorectal cancer screening · Colorectal cancer · Preventive health · 
Behavioral Risk Factor Surveillance System
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Introduction

Colorectal cancer (CRC) is the second most common cause 
of cancer death in the United States.1 Routine screening 
for CRC has been proven to be a cost-effective approach 
in reducing both its incidence and mortality [1–3]. Guide-
lines from the U.S. Preventive Services Task Force (USP-
STF) endorse the use of multiple modalities of endoscopy 
and fecal testing for CRC screening [3]. Despite so, the 
prevalence of up-to-date CRC screening is estimated to be 
around 60% [1]. Patients who are among racial and ethnic 
minorities, economically disadvantaged, and underinsured 
showed a disproportionately lower screening prevalence 
[1].

Medicaid is a federal and state health program that pro-
vides health insurance to U.S. patients with low income 
and limited resources [4, 5]. Historically, Medicaid was 
only available to selected populations, including children, 
parents with dependents, pregnant women, persons older 
than 65 with conditions not covered by Medicare, and 
those with income well below the federal poverty level 
(FPL). The “working poor” represents a large population 
who could not receive adequate insurance coverage from 
their employer yet also would not qualify for Medicaid’s 
strict historical enrollment criteria. In 2010, the passage 
of the Patient Protection and Affordable Care Act (ACA) 
included several provisions aimed at increasing access 
to health care for this population [6]. One of its provi-
sions was the expansion of Medicaid eligibility to include 
all adults earning < 138% of the FPL [7]. The expansion 
supports low-income adults without dependents to obtain 
affordable health insurance. As of July 2018, 34 states 
(including the District of Columbia) opted to expand Med-
icaid eligibility. Six very early expansion states expanded 
Medicaid eligibility prior to 2012; however, the majority 
of participating states expanded Medicaid coverage on 
January 1, 2014 [8].

The selective and asynchronous adoption of Medic-
aid expansion has created an opportunity to study the 
health care outcomes of its targeted populations, those 
that exhibit risk factors for lower compliance with CRC 
screening. Prior literature suggested that Medicaid expan-
sion is associated with earlier stage of CRC diagnosis and 
increased CRC survival [9–11]. However, evaluations to 
date have not consistently demonstrated a positive associa-
tion with Medicaid expansion and CRC screening [12–19]. 
State-level and national data utilizing different databases 
have generated inconsistent results, with a majority of 
the studies indicating an increased CRC screening and 
colonoscopy use immediately after Medicaid expansion. 
A small number of studies, on the other hand, suggested 
no significant impact from Medicaid expansion on CRC 

screening. Nonetheless, understanding of the long-term 
effect of Medicaid expansion on CRC screening is still 
lacking. As we approach the decade mark of Medicaid 
expansion under the ACA, we aimed to investigate the 
long-term impact of Medicaid expansion on CRC screen-
ing among its targeted population of low-income childless 
adults [5, 20]. We aimed to answer the question of how 
the prevalence of CRC screening changed long-term since 
Medicaid expansion between states with different expan-
sion timeline in its targeted population. We hypothesized 
observing higher CRC screening in this population among 
states that adopted Medicaid expansion earlier.

Materials and Methods

Population Source

We used the Behavioral Risk Factor Surveillance System 
(BRFSS), a joint initiative of the Centers for Disease Con-
trol (CDC) and the U.S states/territories and the world’s 
longest continuously conducted health survey via phone. 
The survey is administered annually and provides nation-
ally representative estimates via a complex sampling design 
that incorporates iterative proportional fitting to account 
for cellphone respondents. Patient responses are weighted 
by age, gender, race/ethnicity, level of education, marital 
status, property ownership, and telephone ownership. Data 
from the BRFSS were extracted for the years 2012, 2014, 
2016, 2018, and 2020. These data represent non-overlapping 
annual cohorts and reflect respondent-reported health behav-
iors. The median response rates for the 2012, 2014, 2016, 
2018, and 2020 BRFSS surveys were 46%, 47%, 47%, 50%, 
and 48% respectively.

Study Population

We chose to limit our study population to childless adults 
age greater than or equal to 18 but less than 65 (not Medi-
care eligible) and living in the 50 states and the District of 
Columbia (hereafter referred to as a state); earning < 138% 
of FPL (newly eligible for Medicaid under ACA provisions 
in expansion states); and eligible for colon cancer screening.

This cohort was selected for several reasons. First, Medic-
aid FPL eligibility criteria for parents of dependent children 
varied widely pre-ACA, and thus, it is difficult to adjust for 
the magnitude of eligibility expansion in this cohort. Sec-
ond, as part of the ACA’s Medicaid expansion, states were 
required to cover, without cost sharing, all adult preventive 
services recommended by the USPSTF (grade A or B) and 
the CDC’s Advisory Committee on Immunization Practices 
[21]. However, this stipulation only applied to adults who 
were newly eligible for Medicaid and did not by statute 
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extend to those who were previously enrolled in traditional 
Medicaid pre-ACA expansion (i.e., parents of dependent 
children) [21]. Although some states did opt for offering 
the recommended preventive services without cost-sharing 
to previously enrolled beneficiaries, this was not uniformly 
adopted [21].

Outcome Measures and Covariates

The primary outcome of interest was self-reported preva-
lence of colon cancer screening among childless adult 
patients living below 138% of the FPL in NES, VEES, EES, 
and LES in each of the survey years.

Covariates included year, age, race, marital status, edu-
cation, smoking status, FPL, and state expansion status. 
FPL was determined by applying Department of Health 
and Human Services criteria to the estimated household 
income and calculated household size. Detailed methodol-
ogy and codes utilized to calculate FPL could be found in 
the “Appendix.” Cancer screening eligibility was determined 
by age, gender, and lack of a condition or prior history that 
would preclude screening. The receipt of appropriate CRC 
screening is determined to be adults aged 50–64 without 
prior history of colon cancer, who received a fecal occult 
blood test within the past year, or sigmoidoscopy within 
the past 5 years and an FOBT within the past three years, 
or colonoscopy within the past 10 years. Based on publicly 
available information regarding Medicaid expansion status 
and dates of expansion, three state groupings were created: 
Non-expansion states (NES), Very Early Expansion States 
(VEES) Early Expansion States (EES), and Late Expansion 
States (LES). Further details regarding classification of 
VEES, EES, LES, and NES can be found in the “Appendix.”

Statistical Analyses

Baseline descriptive statistics were derived for each covari-
ate, stratified by state expansion status and compared via the 
Chi-Square test. CRC screening prevalence was calculated 
in each survey year between VEES, EES, LES, and NES 
from 2012 to 2020.

Difference-in-differences (DID) analyses, a quasi-
experimental approach comparing the changes in outcomes 
between the treatment group and control group over the time 
periods before and after the intervention, were utilized to 
examine the effect of Medicaid Expansion under the ACA on 
CRC prevalence. Subsequently, adjusted DID analyses were 
conducted using multivariable logistic regression. Each mul-
tivariate model included state expansion status, year, and an 
interaction term of state expansion status and year, adjusting 
for age, sex, race, and marital status. The coefficient of this 
interaction term represents the DID estimator. Crude DID 

was also calculated using the multivariable logistic regres-
sion without adjusting for covariates.

Two-sided significance levels were set at p < 0.05. Statis-
tical analyses were performed using SAS version 9.4 (SAS 
Institute Inc., Cary, NC, USA). Complex sampling design 
was accounted for to obtain population-level estimates.

Results

Baseline Demographics

A weighted estimate of 5.4 million (n = 14,725), 6.8 mil-
lion (n = 16,556), 7.8 million (n = 16,227), 7.6 million 
(n = 13,972), and 7.6 million (n = 12,275) respondents met 
the USPSTF recommended CRC screening criteria respec-
tively from the 2012, 2014, 2016, 2018, and 2020 BRFSS 
surveys. Baseline characteristics of these cohorts stratified 
into states with different expansion statuses are listed in 
Table 1.

Difference‑in‑Differences Analysis

Overall, the CRC screening prevalence were 40.45%, 
47.52%, 46.06%, and 43.44% for VEES, EES, LES, and NES 
prior to expansion and increased to 48.14%, 61.06%, 58.92%, 
and 56.70% a decade later after expansion. DID analysis 
did not show significant difference in changes in screening 
prevalence immediately after expansion in 2014. In 2016, 
following the late expansion, there were significant increases 
in the proportion of respondents in VEES undergoing CRC 
screening (Crude difference-in-differences 16.45%, p = 0.02, 
Adjusted difference-in-differences + 15.9%, p = 0.03) com-
pared to respondents in NES (Fig. 1, Table 2). Such dif-
ference was not found between other expanding states and 
NES. Furthermore, in year 2018 and 2020, we did not find 
any statistically significance in crude and adjusted change in 
CRC screening prevalence in expansion states (VEES, EES, 
and LES) compared to NES. 

Discussion

The selective adoption of the ACA’s Medicaid expansion to 
adults living at < 138% of the FPL provides an opportunity 
to elucidate the impact of access to health insurance on a 
vulnerable segment of the population. While it continues to 
influence health care [22], economics [23], and civic matters 
[24], our understanding of the policy’s direct impact on CRC 
screening has remained elusive. As we approach the decade 
mark since the passage of ACA, we examined the long-term 
effect of ACA on CRC screening. We limited our analysis to 
those who were newly eligible to Medicaid after the passage 



1783Digestive Diseases and Sciences (2023) 68:1780–1790	

1 3

of ACA: low income, childless, adults earning < 138% of 
the FPL. Our results highlighted two key findings. First, 
we found significantly higher screening prevalence among 
all states in this population regardless of expansion status 
since the passage of ACA. Second, a higher increase in CRC 
screening prevalence was observed in 2016 among VEES 
compared to NES. However, different from our hypothesis 
of continuously observing similar effects long-term, such 
effects from Medicaid expansion were no longer present in 
the years to follow.

Regardless of the adoption of Medicaid expansion, we 
found that all states have showed a significantly higher 
prevalence of CRC screening since the passage of ACA. 

With the rapid acceptance of colonoscopy since early 2000s, 
CRC screening prevalence has been steadily increasing 
while CRC mortality continues to decline [1, 25]. A national 
CRC screening prevalence of 68% was reported in recent 
data. Our results matched the national trend of increasing 
utilization of CRC screening. However, the childless low-
income population we included in this study showed consist-
ently lower than expected screening prevalence throughout 
the study period. Known risk factors such as higher rate 
of being without insurance, insured by Medicaid, and at 
lower-income brackets that are innate to the chosen study 
population likely have contributed the observed inequali-
ties [1, 26, 27]. Our cohort are also more likely to belong to 

Table 1   Baseline cohort 
characteristics among states 
with different medicaid 
expansion statuses

Descriptive statistics were reported in the form of percentage (number of participants)
NES non-expansion state, VEES very early expansion states, EES early expansion state, LES late expansion 
state

NES (n = 28,651) VEES (n = 8645) EES (n = 29,788) LES (n = 6671)

Age group
 50–54 26.6 (7630) 28.2 (2436) 26.7 (7964) 27.4 (1825)
 55–59 35.0 (10,039) 34.7 (2996) 34.8 (10,375) 35.5 (2365)
 60–64 38.3 (10,982) 37.2 (3213) 38.4 (11,449) 37.2 (2481)

Race/ethnicity
 Non-Hispanic White 64.2 (18,398) 57.5 (4972) 67.2 (20,018) 67.9 (4532)
 Non-Hispanic Black 20.0 (5737) 14.5 (1252) 9.9 (2939) 17.8 (1190)
 Asian 0.4 (116) 1.9 (163) 2.1 (618) 0.5 (34)
 Other 7.6 (2189) 6.7 (578) 10.2 (3037) 11.0 (734)
 Hispanic 7.7 (2211) 19.4 (1680) 10.7 (3176) 2.7 (181)

Marital status
 Married 28.7 (8221) 26.1 (2259) 26.9 (8015) 25.5 (1704)
 Never married 19.7 (5656) 29.2 (2525) 23.8 (7087) 23.4 (1564)
 Other (divorced‚ wid-

owed‚ separated)
51.6 (14,774) 44.7 (3861) 49.3 (14,686) 51.0 (3403)

Education
 Below high school 21.6 (6202) 19.5 (1688) 18.6 (5529) 18.8 (1255)
 High school 40.7 (11,648) 34.8 (3007) 40.8 (12,160) 44.4 (2965)
 College 26.5 (7584) 28.9 (2500) 26.7 (7950) 24.7 (1646)
 Graduate school 11.1 (3180) 16.6 (1437) 13.8 (4098) 11.9 (796)
 Unknown 0.1 (37) 0.2 (13) 0.2 (51) 0.1 (9)

Smoking status
 Current smoker 34.9 (9998) 30.2 (2613) 34.3 (10,225) 37.7 (2512)
 Former smoker 26.2 (7495) 26.4 (2283) 26.7 (7952) 26.1 (1743)
 Never 36.4 (10,420) 40.1 (3467) 36.0 (10,713) 33.8 (2254)
 Refused 2.6 (738) 3.3 (282) 3.0 (898) 2.4 (162)

Insurance coverage
 Yes 71.5 (20,472) 82.1 (7096) 85.3 (25,411) 77.4 (5163)
 No 28.4 (8129) 17.8 (1536) 14.5 (4333) 22.3 (1486)
 Unknown 0.2 (50) 0.2 (13) 0.1 (44) 0.3 (22)

Personal physician
 Yes 79.8 (22,849) 80.7 (6977) 84.1 (25,054) 81.2 (5414)
 No 20.0 (5716) 19.2 (1662) 15.7 (4689) 18.6 (1238)
 Unknown 0.2 (53) 0.1 (6) 0.2 (45) 0.3 (19)
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groups of lower education levels and racial minorities, who 
may suffer from the lack of access to a consistent provider 
for screening. Past studies also suggested that, up to 24% 
of Medicaid-eligible population among early Medicaid-
expanding states were yet to enroll into Medicaid, which 
could also contribute to the low CRC screening prevalence 
observed in our study population, particularly those in VEES 
[28, 29]. Several proposed explanations included perceived 

unaffordability of health care by those with suboptimal 
health conditions, barriers to enrollment into Medicaid, 
and job changes contributing to loss of Medicaid coverage 
[29]. While the CRC screening prevalence corroborated the 
national trend of improved preventative health behaviors, 
significant inequalities still exist within the population tar-
geted by ACA a decade after its passage.

After observing a more rapid increase in CRC screening 
prevalence in VEES in 2016, we did not find a similar statis-
tical significance from our difference-in-differences analysis 
in the 4 years following. Prior literature on ACA’s effect on 
CRC screening vary in their designs and study period and 
showed miscellaneous results. While a significant number 
of past studies suggested increased CRC screening among 
states with earlier Medicaid expansion times, others sug-
gested no significant changes [10, 16, 17, 30–37]. Most 
of these studies utilized data within 2 years immediately 
after Medicaid expansion with rare ones seeing beyond 
short-term effects. Among those, Fedewa et al. studied the 
utilization of cancer screening among adults with income 
below 138% FPL up to 2016. Similar to our results, they 
found significantly increased prevalence of CRC screen-
ing in 2016 among states that expanded Medicaid before 
2014 [36]. Hendryx et al. studied the rate of colonoscopies 
performed among individuals with income < $20,000 and 
found a significant 1.12 odds ratio of colonoscopy use in 
year 2016 compared to 2012 [37]. To our knowledge, we 
added to existing literature as the first analysis studying the 
long-term impact of Medicaid expansion on CRC screening. 
Compared to prior studies, the population of our study was 
more stringent as we included only childless adults < 138% 

CRC screening Rate 
2012-2020 2012 2014 2016 2018 2020

VEES 40.45% 36.81% 43.92% 46.73% 48.14%

EES 47.52% 46.00% 45.98% 51.52% 61.06%

LES 46.06% 46.54% 43.54% 52.18% 58.92%

NES 43.44% 43.06% 42.24% 44.07% 56.70%

30%

35%

40%

45%

50%

55%

60%

65%

2012 2014 2016 2018 2020

VEES EES LES NES

Fig. 1   Time trend of colorectal-screening prevalence from 2012 to 
2020 among states with different medicaid expansion statuses

Table 2   Difference-in-difference analysis between states with different medicaid expansion times from 2012 to 2020

Significant values are given in bold (p < 0.05)
NES non-expansion state, VEES very early expansion states, EES early expansion state, LES late expansion state

Up-to-date CRC 
screening

Crude DD

2014 v 2012 2016 v 2012 2018 v 2012 2020v2012 2014 v 2012

DD (%) p value DD (%) p value DD (%) p value DD (%) p value DD (%) p value

VEES − 9.64 0.1835 16.45 0.0236 8.86 0.2123 − 16.14 0.122 − 9.73 0.1934
EES − 0.97 0.8385 − 4.55 0.3234 − 1.28 0.7878 6.93 0.2139 − 1.46 0.7632
LES 5.19 0.3888 − 10.46 0.1278 5.31 0.474 1.99 0.8035 7.82 0.2083
NES – – – – – – – – – –

Up-to-date CRC screen-
ing

Adjusted DD

2016 v 2012 2018 v 2012 2020 v 2012

DD (%) p value DD (%) p value DD (%) p value

VEES 15.91 0.0339 8.60 0.222 − 16.31 0.1328
EES − 4.23 0.3705 − 0.14 0.9767 7.26 0.2072
LES − 11.73 0.0999 5.25 0.4805 1.10 0.8919
NES – – – – – –
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of FPL with the hope to precisely isolate a subpopulation 
that would likely receive the greatest benefit from Medicaid 
expansion. Our results corroborated a similar increase in 
CRC screening among VEES during relatively early years 
after Medicaid expansion [36, 37]. At the same time, our 
analysis helped clarify that such difference in screening 
prevalence associated with Medicaid expansion did not 
persist in the long run.

While different from our initial hypothesis of observ-
ing long-term increase of CRC screening in states that 
adopted Medicaid expansion earlier, our findings can be 
interpreted from various angles. One possible explanation 
of our observed trends is that although Medicaid expansion 
significantly improved CRC screening prevalence in its tar-
geted population during early years, an overall increase in 
public awareness in cancer screening likely diluted the effect 
from Medicaid expansion. Although multiple studies have 
demonstrated a larger increase in health insurance coverage 
in states that adopted Medicaid expansion, insurance cover-
age does not always translate to an increase in preventative 
health behaviors. Conversely, national data suggested that 
being covered by Medicaid as primary insurance is linked to 
a CRC screening prevalence of around 53% [1]. A variety of 
patient-level factors not captured by our database could also 
have contributed. For example, the lack of recommendation 
from physician, recommendation of only colonoscopy as the 
method of screening, lack of awareness of the need to be 
screened, fear and unwantedness, expense, and inability to 
take time off work were patient-reported factors that have 
been shown to reduce screening prevalence [38]. A high 
level of awareness and knowledge of CRC screening does 
not always translate to high participation rates in screening 
[39]. Another possible explanation is that ACA provided 
federal subsidies to purchase health insurance for individu-
als earning between 100 and 138% of FPL. These federal 
subsidies may have mitigated the lack of expansion for this 
cohort [40]. However, a sensitivity analysis with individuals 
within incomes below 100% FPL did not show significance, 
making such hypothesis less likely (“Appendix”).

The impact of COVID-19 pandemic should also be 
accounted for when our results are being interpreted. Job 
security was highly impacted within low-wage service work-
ers when COVID-19 recession peaked in 2020 [41]. The recent 
literature suggested an additional 5 million people covered 
nationally within 6 months after the economic shutdown that 
took place in March 2020 [42, 43]. Factors such as reduced 
work hours likely qualified more people for Medicaid; the 
maintenance of effort requirement passed by Congress in 2020 
during the period of pandemic likely helped increase the over-
all proportion of Medicaid enrollees; the American Rescue 
Plan subsidized COBRA and exchange programs also likely 
helped improve access to care [42–44]. Such efforts provide 
layers of confounding that impact the access to care and cancer 

screening in our study population of interest, possibly correlat-
ing with the steep rise in CRC screening prevalence observed 
in many states in 2020 compared to 2018. With additional data 
capturing COVID-19 becoming available soon, we will be able 
to further elucidate its effect on preventative health.

Limitations

Ultimately, the findings of this work must be interpreted 
within the context of its limitations. First, the BRFSS survey 
is not administered to persons institutionalized or without 
telephone access. Although it is possible that some of these 
individuals would be eligible for Medicaid, these persons 
likely represent a minority of qualifying persons, and thus, 
their absence is unlikely to largely impact the results [45]. 
Second, BRFSS data are self-reported and, thus, subject to 
both recall and social desirability bias [45]. Lastly, it is pos-
sible that differences in trends between state cohorts reflect 
widening regional differences in patient-perceived benefits 
of preventive care rather than the effects of policy implemen-
tation. In addition to these general limitations inherent to all 
BRFSS analyses, there are several limitations specific to this 
work. Income data used in our FPL calculations were coded 
in ranges instead of precise numbers. However, this method-
ology has been previously utilized and accepted [5, 45, 46]. 
The 2012 BRFSS did not discern the number of household 
adults for cellphone respondents (a crucial component of 
the FPL calculation), and thus, cellphone respondents were 
not included in our 2012 BRFSS calculations. Greater detail 
regarding our decisions concerning these limitations can 
be found in the “Appendix.” Although the aforementioned 
limitations may hinder the precision of our estimates, it is 
unlikely that the reported trends and differences in trends are 
significantly misconstrued.

Conclusion

A decade after the passage of ACA, we provided one of the 
first analyses of the long-term effect of Medicaid expansion 
on CRC screening prevalence among childless adults below 
138% FPL, a targeted population by the policy. While it was 
encouraging to find increased CRC screening prevalence 
among all states regardless of expansion status, no long-
term effect of Medicaid Expansion was observed on CRC 
screening prevalence in this selected population. Additional 
studies are warranted to further elucidate the exact reasons 
underlying such observed trend.
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Appendix

Determination of State Medicaid Expansion Cohorts

States were grouped into four categories by expansion status 
as of March 2022: Non-expansion states (NES), Very Early 
Expansion States (VEES), Early Expansion States (EES), 
and Late Expansion States (LES) (Appendix Table 1). A few 
states adopted Medicaid expansion very recently between 
year 2019 and 2020 and were classified as NES for the pur-
pose of this study. (Appendix Table 1).

Federal Poverty Level Calculations

Given our interest in the effects of Medicaid expansion 
on cancer screening behaviors, our analysis includes only 
respondents newly eligible for Medicaid under the ACA’s 
expansion provisions, namely childless adults living 
at < 138% of the Federal Poverty Level (FPL). FPL values 
are a function of a household’s income and number of occu-
pants and are adjusted and published annually by the U.S. 
Department of Health and Human Services [47]. Federal 
poverty levels have been previously calculated from the 
BRFSS as described in the methodology outlined by Sabik 
et al. and Sammon et. al. [48, 49].

Household Income Determination

Household income (INCOME2) is reported as a range, 
and consistent with previous methodology, each respond-
ent was assigned an income corresponding to the middle 
value of their reported income range. For respondents earn-
ing > $75,000, an income of $100,000 was assigned consist-
ent with previously employed methods (Appendix Table 2).

Household Size Determination

For survey years 2014 through 2020, the QSTVER vari-
able identified the route of survey administration (landline 
or cellphone). The NUMADULT and HHADULT variables 
reported the number of adults in the household for landline 
and cellphone respondents, respectively. The CHILDREN 
variable denotes the number of dependent children living in 
the household. Respondents were not included if the value 
for the CHILDREN variable was > 0.

Unfortunately, the 2012 survey did not query the num-
ber of adults living in the household for respondents who 
answered the survey via cellphone. After discussing various 
approaches to account for this absence, we opted to simply 
omit 2012 cellphone respondents from our analysis. While 
not ideal, the impact of this exclusion is less pronounced in 
2012 where cellphone respondents only account for ~ 28% of 

the cohort. However, to understand the impact of this exclu-
sion, we performed a Chi-Square test to compare the distri-
bution of respondents within important covariate categories 
between landline and cellphone respondents in the 2012 sur-
vey (Appendix Table 3). Cellphone respondents were more 
likely to be younger, never married, Black or Hispanic, and 
current smokers. Additionally, cellphone respondents had 
lower median incomes and levels of educational attainment 
and were less likely to have health insurance or access to 
a personal physician. Rates of all three cancer screenings 
were also lower among cellphone respondents compared to 
landline respondents. Finally, the proportion of cellphone 
respondents was highest in non-expansion states and lowest 
in early expansion states. The knowledge of these trends 
allows for more accurate interpretation of figures. For all 
figures, the depicted 2012 BRFSS percentile estimates are 
likely, by varying degrees, slightly higher than the true popu-
lation estimates. Therefore, while the exclusion of the cell-
phone respondents impacts the validity of the 2012 BRFSS 
estimates, it is unlikely that this exclusion would signifi-
cantly alter the observed trends over time.

Appendix Table 1: Groupings of states 
by participation in ACA Medicaid expansion

Very Early Expansion States (between 3/1/2010–4/14/2011)

(1)	 Minnesota
(2)	 Connecticut
(3)	 District of Columbia
(4)	 California
(5)	 Washington
(6)	 New Jersey

Early Expansion States (between 1/1/2014–8/15/2014)

	 (1)	 Arizona
	 (2)	 Arkansas
	 (3)	 Colorado
	 (4)	 Delaware
	 (5)	 Hawaii
	 (6)	 Illinois
	 (7)	 Iowa
	 (8)	 Kentucky
	 (9)	 Maryland
	(10)	 Massachusetts
	(11)	 Nevada
	(12)	 New Mexico
	(13)	 New York
	(14)	 North Dakota
	(15)	 Ohio
	(16)	 Oregon
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	(17)	 Rhode Island
	(18)	 Vermont
	(19)	 West Virginia
	(20)	 Michigan
	(21)	 New Hampshire

Late Expansion States (between 1/1/2015–7/1/2016)

(1)	 Pennsylvania
(2)	 Indiana
(3)	 Alaska
(4)	 Montana
(5)	 Louisiana

Non-Expansion (Not expanded before 2017)

	 (1)	 Alabama
	 (2)	 Florida
	 (3)	 Georgia
	 (4)	 Idaho (expanded on 1/1/2020)
	 (5)	 Kansas
	 (6)	 Maine (expanded on 1/10/2019)
	 (7)	 Mississippi
	 (8)	 Missouri (expanded on 10/1/2020)
	 (9)	 Nebraska (expanded on 10/1/2020)
	(10)	 North Carolina
	(11)	 Oklahoma (expanded on 7/1/2020)
	(12)	 South Carolina
	(13)	 South Dakota
	(14)	 Tennessee
	(15)	 Texas
	(16)	 Utah (expanded on 1/1/2020)
	(17)	 Virginia (expanded on 1/1/2019)
	(18)	 Wisconsin
	(19)	 Wyoming [50]

Appendix Table 2: Assigned income values 
for each self‑reported income range 
category (INCOME2). BRFSS 2012–2020

Income range (INCOME2) Assigned income

 < $10,000 $5000
$10,000–$15,000 $12,500
$15,000–$20,000 $17,500
$20,000–$25,000 $22,500
$25,000–$35,000 $30,000
$35,000–$50,000 $42,500
$50,000–$75,000 $62,500
 > $75,000 $100,000

Appendix Table 3: Baseline demographics 
of 2012 BRFSS Respondents < 65 years of age 
and living in the United States stratified 
by mode of survey administration

Landline 
respondents 
(n = 228,520)

Cellphone 
respondents 
(n = 88,327)

p value

Age category, (%)  < 0.0001
 18–24 10.0 24.2
 25–29 5.3 16.6
 30–34 8.1 14.7
 35–39 9.0 10.3
 40–44 12.2 9.8
 45–49 12.0 7.5
 50–54 15.8 7.9
 55–59 13.7 5.2
 60–64 14.0 3.9

Median income, 
(%)

 < 0.0001

 $5,0000 5.4 10.1
 $12,500 4.8 7.3
 $17,500 6.3 10.6
 $22,500 7.3 11.1
 $30,000 9.1 11.6
 $42,500 13.2 13.8
 $62,500 16.6 14.0
 $100,000 37.3 21.4

Race, (%)  < 0.0001
 White 67.1 56.3
 Black 11.0 14.3
 Asian 5.1 4.5
 Hispanic 13.8 20.9
 Other 3.0 4.0

Marital status, 
(%)

 < 0.0001

 Married 59.5 34.3
 Never married 26.3 48.9
 Divorced, 

widowed, 
separated, 
other

14.1 16.7

Education, (%)  < 0.0001
 Less than high 

school
12.2 17.0

 High school 
graduate

27.6 28.5

 Some college 30.9 32.0
 College graduate 29.4 22.5

Smoker, (%)  < 0.0001
 Current smoker 17.7 24.8
 Former smoker 22.6 16.8
 Never smoker 58.1 55.9
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Landline 
respondents 
(n = 228,520)

Cellphone 
respondents 
(n = 88,327)

p value

 Refused 1.6 2.4
Insurance cover-

age, (%)
 < 0.0001

 Yes 82.8 70.0
Personal physi-

cian, (%)
 < 0.0001

 Yes 82.0 62.4
Colon cancer 

screening, (%)
 Yes 57.6 45.0  < 0.0001

State expansion 
status, (%)

 < 0.0001

 Early expansion 
state

66.3 33.7

 Late expansion 
state

58.9 41.1

 Non-expansion 
state

52.3 47.7

Appendix Table 4: Colon cancer screening 
questions excerpted from BRFSS 2012 
to 2020

Question number Question prompt and answer 
choices

17.1 A blood stool test is a test that 
may use a special kit at home 
to determine whether the stool 
contains blood. Have you ever 
had this test using a home kit?

1. Yes
2. No
7. Don’t Know/Not Sure
9. Refused

17.2 How long has it been since you 
had your last blood stool test 
using a home kit?

1. Within the past year (anytime 
less than 12 months ago)

2. Within the past 2 years (1 year 
but less than 2 years ago)

3. Within the past 3 years (2 years 
but less than 3 years ago)

4. Within the past 5 years (3 years 
but less than 5 years ago)

5. 5 or more years ago
7. Don’t know/Not Sure
9. Refused

Question number Question prompt and answer 
choices

17.3 Sigmoidoscopy and colonoscopy 
are exams in which a tube is 
inserted in the rectum to view 
the colon for signs of cancer or 
other health problems. Have you 
ever had either of these exams?

1. Yes
2. No
7. Don’t Know/Not Sure
9. Refused

17.4 For a SIGMOIDOSCOPY, a 
flexible tube is inserted into the 
rectum to look for problems. A 
COLONOSCOPY is similar, 
but uses a longer tube, and you 
are usually given medication 
through a needle in your arm to 
make you sleepy and told to have 
someone else drive you home 
after the test. Was your MOST 
RECENT exam a sigmoidoscopy 
or a colonoscopy?

1. Sigmoidoscopy
2. Colonoscopy
7. Don’t know/Not Sure
9. Refused

17.5 How long has it been since you 
had your last sigmoidoscopy or 
colonoscopy?

1. Within the past year (anytime 
less than 12 months ago)

2. Within the past 2 years (1 year 
but less than 2 years ago)

3. Within the past 3 years (2 years 
but less than 3 years ago)

4. Within the past 5 years (3 years 
but less than 5 years ago)

5. Within the past 10 years 
(5 years but less than 10 years 
ago)

6. 10 or more years ago
7. Don’t know/Not Sure
9. Refused
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Appendix Table 5: Sensitivity difference in difference analysis between states with different 
medicaid expansion times from 2012 to 2020

Crude DD Adjusted DD

2014 v 2012 2016 v 2012 2018 v 2012 2020v2012 2014 v 2012 2016 v 2012 2018 v 2012 2020 v 2012

Up-to-
date 
CRC 
screening

DD (%) p value DD 
(%)

p value DD 
(%)

p value DD (%) p value DD 
(%)

p value DD 
(%)

p value DD 
(%)

p value DD (%) p 
value

VEES − 10.21 0.2727 19.48 0.0435 13.67 0.1343 − 18.60 0.2023 − 9.61 0.3242 18.15 0.0674 13.95 0.1303 − 19.23 0.2089
EES − 0.66 0.9161 − 8.54 0.1668 − 0.31 0.961 7.95 0.3115 − 1.87 0.7689 − 8.11 0.2012 0.89 0.8903 8.81 0.2792
LES 0.16 0.9845 − 6.92 0.4558 2.31 0.8087 2.00 0.8632 3.02 0.7141 − 7.41 0.4421 1.48 0.8777 − 0.05 0.9969
NES – – – – – – – – – – – – – – – –

Significant value is given in bold (p < 0.05)
NES non-expansion state, VEES very early expansion states, EES early expansion state, LES late expansion state
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