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Policymakers have often implemented Medicaid 
expansions to improve population health in the USA. 
Access to Medicaid may reduce the price and increase 
the use of healthcare, or alleviate the stress or stigma 
associated with being uninsured [1]. Empirical evi-
dence establishes a causal relationship between Med-
icaid coverage and health outcomes. For example, the 
Oregon Health Insurance Experiment (OHIE) used a 
lottery to randomize access to Medicaid to identify 
the effects of health insurance coverage on physical 
health, mental health, and health-related quality of 
life [2]. This analysis found that Medicaid coverage 
reduced the prevalence of depression and improved 
mental health-related quality of life among low-
income adults approximately 2 years later, but had no 
detectable effects on physical health outcomes. How-
ever, a less-explored area of research is the extent to 
which environmental or social determinants of health 
interact with Medicaid coverage to shape health 
outcomes.

Neighborhood characteristics may play a key role 
in the effectiveness of Medicaid expansions. For 
instance, if gaining insurance results in enrollees 
receiving advice to modify their diet or to exercise 
more, they may be better able to follow that advice if 
they live in a neighborhood with more grocery stores 
or active living opportunities. Low-income popula-
tions, which have fewer resources and more limited 
mobility, may be particularly affected by local area 
features [3]. An extensive literature documents asso-
ciations between neighborhood characteristics and 
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health outcomes [4–6]. Furthermore, the US Depart-
ment of Housing and Urban Development’s Moving 
to Opportunity intervention, which randomized fami-
lies living in high-poverty housing with the ability 
to move to neighborhoods with less poverty, demon-
strated reductions in long-run obesity and diabetes, 
and improved “subjective well-being” among partic-
ipants [7–9]. Nonetheless, there is very limited evi-
dence on the interplay between neighborhood charac-
teristics and health insurance coverage.

In this study, we analyze how factors associated 
with specific neighborhood characteristics moder-
ate the causal effects of Medicaid coverage on health 
using data from the OHIE. A previous, exploratory 
study using our data documented various associa-
tions between neighborhoods and health outcomes 
[10], and found that that areas with less socioeco-
nomic deprivation, more grocery stores, and addi-
tional active living features experienced better health 
than other areas. Neighborhood characteristics may 
thus affect health directly, but they may also proxy 
for other factors associated with the people who live 
in neighborhoods with those characteristics. For 
example, higher-income populations likely have the 
resources to live in neighborhoods with more ameni-
ties, as well as better access to healthcare. Although 
this makes it difficult to attribute differences in out-
comes to the neighborhood characteristics them-
selves, rather than correlated unobserved factors, a 
better understanding of these relationships has the 
potential to improve the effectiveness of health pol-
icy by identifying local areas where health insurance 
expansions are particularly effective or ineffective—
and where targeting funding, programs, and other 
resources might generate the greatest health gains.

Methods

Study Participants

Our study population consists of participants in the 
Oregon Health Insurance Experiment (OHIE), a ran-
domized controlled trial that evaluated the effects of 
health insurance coverage on uninsured, low-income 
adults in Oregon [1, 2]. OHIE participants signed up 
for a waitlist that provided their household with the 
opportunity to apply to Oregon’s Medicaid program. 
In 2008, the state conducted a random lottery in order 

to allocate the limited number of available slots. The 
study population represents these lottery participants, 
which include both lottery winners that were able to 
apply for Medicaid coverage and non-winners. Data 
on the OHIE and its participants have been previously 
described in detail [1].

Roughly 2  years after the OHIE lottery, between 
September 2009 and December 2010, an in-person 
assessment was conducted on OHIE participants liv-
ing in the Portland area. This survey included clinical 
and subjective health measurements, as well as soci-
odemographic information, collected from 12,229 
individuals. Our study sample consists of these in-
person survey respondents. Details on this in-per-
son survey, data, and analysis has been previously 
described in detail [2].

Health Outcomes

We selected a subset of health measures from the 
in-person survey data to use as outcomes. We chose 
primary summary health outcomes to represent three 
dimensions of health (physical, mental, and health-
related quality of life), in order to minimize multiple 
comparisons issues. In addition, we included a hand-
ful of secondary outcomes to test specific hypotheses. 
There is additional discussion of the selection of out-
comes and hypotheses elsewhere [11].

First, we use the Framingham risk score to rep-
resent the physical health dimension [12]. The 
Framingham risk score is a continuous measure of the 
10-year risk of a cardiovascular event, where higher 
values indicate greater risk. This outcome is calcu-
lated for respondents aged 30 and older based on age, 
systolic blood pressure, total cholesterol, high-den-
sity lipoprotein (HDL) cholesterol, medication use 
for high blood pressure, current smoking, and a gly-
cated hemoglobin level greater than or equal to 6.5% 
(diabetes), with separate computations for men and 
women.

Next, we select the continuously measured Patient 
Health Questionnaire (PHQ-8) total score to repre-
sent mental health. The PHQ-8 is a standard means 
of measuring depression, and captures how frequently 
a respondent experiences eight depression symptoms: 
depressed mood, anhedonia, trouble sleeping, fatigue, 
problems eating, feeling like a failure, trouble con-
centrating, and moving or speaking more slowly or 
rapidly than usual [13]. The total score ranges from 
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zero to 24 and is obtained as the sum of each symp-
tom scored from zero to three (“not at all” to “nearly 
every day”). A higher score implies a greater severity 
of depression symptoms.

Finally, we summarize health-related quality of life 
using the SF-8 physical and mental component scores 
(PCS and MCS, respectively) [14]. These composites 
are continuously measured indices that range from 
zero to 100, with a higher score suggesting a better 
health-related quality of life.

We also organized the secondary outcomes of 
interest used for specific hypothesis testing along 
these dimensions. Physical secondary outcomes 
include systolic and diastolic blood pressure (con-
tinuously measured in mmHg), total and HDL cho-
lesterol (continuously measured in mg/dL), glycated 
hemoglobin (continuously measured HbA1c level), 
and body mass index (BMI) calculated from weight 
and height measurements. For secondary men-
tal health, we also examine a positive depression 
screen result, which is an indicator for scoring a ten 
or greater on the PHQ-8. Health-related quality of 
life outcomes additionally include indicators for self-
reported “not poor or very poor” general health in the 
last 12 months (self-reported general health status in 
the last 12 months categorizes health as “excellent,” 
“very good,” “good,” or “fair” health versus “poor” 
or “very poor” health), and for being “very happy” or 
“pretty happy” versus “not too happy.”

Medicaid Coverage

The in-person survey data provided indicators that 
represent selection in the randomized lottery and 
Medicaid coverage status. Medicaid coverage is 
defined as ever having been on Medicaid during the 
study period. This data also provides information on 
the number of household members included on the 
lottery list.

Covariates

We also obtained information on sociodemographic 
characteristics to include as covariates: continu-
ous age in years; a dummy for gender; a continuous 
measure of approximate household income (average 
household income is coded using midpoints and top 
coded at $50,000); dummies for educational attain-
ment (less than high school, high school diploma or 

GED, post-high school but less than a 4-year degree, 
and 4-year degree or more); dummies for employ-
ment status (not currently employed, employed less 
than 20 h per week, employed 20 to 30 h per week, 
and employed 30 h or more per week); and indicators 
for race/ethnicity (White, Black, Hispanic, and Other, 
where respondents can report more than one race or 
ethnicity).

Neighborhood Characteristics

We collected primary and secondary data on neigh-
borhood characteristics and organized these meas-
ures into five separate domains representing differ-
ent aspects of the local environment: socioeconomic 
deprivation, food access, park access and green space, 
attributes that promote active living, and land use. 
We selected one representative neighborhood charac-
teristic variable for each domain from a large num-
ber of potential variables using principal component 
analyses and based on the strength of its association 
with health outcomes in prior analyses [10]. Poten-
tial underlying mechanisms linking Medicaid cov-
erage, neighborhoods, and health are outlined else-
where, though we are unable to test if these particular 
channels are responsible for results [11]. Additional 
details on data collection, sampling, and variable con-
struction and selection were also described previously 
[10, 11].

Socioeconomic deprivation is represented by a 
census tract-level index that was generated using 
2005–2009 5-year American Community Survey 
data. This socioeconomic deprivation index was con-
structed following the methodology of Messer et  al. 
(2006) [15]. Specifically, we used principal compo-
nent analyses to select and combine tract-level data 
on neighborhood deprivation-related variables. The 
final index score reflects neighborhood ethnicity, edu-
cation, employment, poverty, and housing/crowding, 
and a higher value suggests a greater level of socio-
economic deprivation.

The food access, park access and green space, and 
active living domains of neighborhood characteristics 
were similarly constructed by linking each respond-
ent’s address to various address-level data using Arc-
GIS. First, to characterize the food access domain, we 
use the count of grocery stores in a one-mile radius. 
This variable was generated by linking each respond-
ent’s address to various types of food stores within 
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specific radii in 2009 INFOUSA business licensing 
data. The park access and green space domain is rep-
resented by acres of tree coverage within a quarter-
mile radius, created by mapping each respondent’s 
address to Metro regional planning data. Next, the 
active living domain focuses on frequency of transit 
service, measured as average stops per day in a half-
mile radius, constructed by connecting each respond-
ent’s address to 2009 Tri-Met transit systems data.

Finally, the land use domain is represented by the 
share of street segments in a census tract with retail or 
small business land use. This variable ranges between 
0 and 1 (representing zero to 100% of street segments 
within a tract) and was generated from 2011 street 
audit data collected using the Active Neighborhood 
Checklist [16]. Retail or small business land use is 
defined as the presence of: a small grocery or con-
venience store, a pharmacy, a home-based business 
(e.g., daycare, tax prep, salon), a food establishment, 
an entertainment establishment, a small commercial 
building, an indoor fitness facility, a big box store, a 
mall or strip mall, or a supermarket.

Analytic Sample

Our cross-sectional analytic sample consists of the 
OHIE in-person survey data linked to the selected 
neighborhood characteristics of respondents, with 
complete data on health outcomes, neighborhoods, 
and sociodemographic controls. The sample repre-
sents 8413 respondents residing in 196 census tracts.

We also separately test specific hypotheses using 
two particularly vulnerable subgroups in our ana-
lytic sample: individuals with a preexisting “high 
risk” diagnosis (2095 respondents with a pre-lottery 
diagnosis of diabetes, hypertension, hypercholester-
olemia, myocardial infarction, or congestive heart 
failure) and individuals with a pre-lottery diagnosis of 
depression or anxiety (2797 respondents) [11].

Statistical Analysis

The OHIE provided participants with the opportunity 
to apply for Medicaid coverage. However, not all lot-
tery winners obtained coverage, due to failure to sub-
mit an application or pass the eligibility requirements. 
Nonetheless, winning the lottery increased the prob-
ability of Medicaid enrollment by 22.7 percentage 
points (p < 0.01) in our analytic sample [11].

Our empirical strategy is adapted from an instru-
mental variable approach based on previous OHIE 
methods that identify the causal effects of Medicaid 
coverage on health [2]. We fit two stage least squares 
(2SLS) regressions, using lottery selection and a lot-
tery selection-neighborhood characteristic interac-
tion term as instruments for Medicaid coverage and 
a Medicaid coverage-neighborhood characteristic 
interaction term. The estimate on the latter interac-
tion term captures how a neighborhood characteris-
tic moderates the causal impacts of Medicaid cover-
age on health outcomes. We interpret this coefficient 
as the extent to which the local average treatment 
effect (LATE) of Medicaid coverage varies based on 
a neighborhood characteristic. We additionally obtain 
estimates of variation in intent-to-treat (ITT) effects 
across neighborhood characteristics to document how 
neighborhoods moderate the causal effects of lottery 
selection on health.

All regressions include sociodemographic covari-
ates. We also control for the number of individu-
als within a household included on the lottery list; 
selection in the lottery allowed the entire household 
to apply for Medicaid coverage; thus, household size 
is correlated with winning the lottery. All regres-
sions are weighted in order to account for the sam-
pling design [2], and all standard errors are clustered 
by census tract in order to allow for correlation of 
the error term at the most aggregate neighborhood 
level. Our analyses were pre-specified and publicly 
archived, unless otherwise noted, to minimize data 
and specification mining concerns [11]. We address 
the issue of multiple comparisons by focusing pri-
marily on four pre-specified summary outcomes 
(rather than implementing multiple inference adjust-
ment across discrete domains).

Results

Summary Statistics

Table  1 presents the mean individual and neighbor-
hood characteristics for the analytic sample. We find 
that there are no statistically significant differences 
between the control group and lottery winners. Fur-
thermore, Table  2 presents the control group means 
for the selected summary and secondary health 
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Table 1  Characteristics of the 8413 respondents in the analytic sample

The first column shows the weighted mean value for control individuals who entered the lottery but were not selected, the second 
column reports the regression-adjusted weighted mean value for those randomly selected by the lottery to be able to apply for Medic-
aid coverage, and the third column shows the p value of difference between the means. Standard deviations are reported in parenthe-
ses for continuous outcomes (the first column shows the weighted standard deviation and the second column shows the regression-
adjusted weighted standard deviation). The sample is weighted using the in-person survey weights and standard errors are clustered 
by census tract. The final rows report the pooled F statistics and p values from testing treatment-control balance on the above vari-
ables jointly

Controls Lottery winners P value 

n=4029 n=4384

Demographic characteristics
Age (Years) 40.4 40.6 0.44

(11.5) (11.6)

Female (%) 56.7 56.2 0.62

Race/ethnicity

  White (%) 66.2 68.0 0.10

  Black (%) 12.3 12.3 0.98

  Hispanic (%) 18.0 16.7 0.21

  Other (non-White) (%) 14.7 14.9 0.82

Household income 18,129 18,091 0.91

(13,434) (13,259)

Education

  Less than high school (%) 21.4 20.5 0.39

  High school diploma or GED (%) 47.0 46.1 0.49

  Post-high school (%) 21.6 23.0 0.18

  Four year degree or more (%) 10.0 10.4 0.62

Employment status

  Not currently employed (%) 50.5 51.3 0.50

  Employed less than 20 h a week (%) 10.0 9.6 0.64

  Employed 20 to 30 h a week (%) 11.1 11.6 0.56

  Employed more than 30 h per week (%) 28.4 27.6 0.43

F-statistic for above variables 0.611

P value 0.843

Neighborhood characteristics
    Socioeconomic Deprivation

      Socioeconomic deprivation index 0.7 0.7 0.34

(2.2) (2.2)

    Food access

      Count of grocery stores within a one mile radius 8.2 8.1 0.53

(5.7) (5.5)

    Park access and green space

      Acres of mature tree cover within a quarter mile radius 33.5 33.7 0.51

(12.1) (12.0)

    Active living

      Frequency of transit service (average stops per day) within a half mile radius 293.5 288.5 0.58

(438.3) (421.9)

    Land use

      Street segments within a tract with retail or small business land use present (%) 18.4 17.5 0.08

(16.8) (15.9)

F-statistic for above variables 1.009

P value 0.413
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outcomes, as well as the causal effects of Medicaid 
coverage for our analytic sample.

Medicaid Coverage and Neighborhood 
Characteristics

In general, factors associated with neighborhood 
characteristics appear to play a limited role in mod-
erating the effects of health insurance coverage on 
health in our analytic sample. Table  3 presents all 
LATE results for summary health outcomes (com-
plete results from all pre-specified analyses, including 
ITT and LATE estimates for summary and secondary 
outcomes are available in Tables  7, 8, and 9 in the 
Appendix). In all tables, we present our estimates of 
the effects of Medicaid coverage on the Framingham 
risk score and all indicator outcomes as percentage 
point changes. The socioeconomic deprivation, food 

access, park access and green space, and land use 
domains do not statistically significantly interact with 
Medicaid coverage to influence summary or second-
ary health outcomes, although several results are bor-
derline significant (p < 0.1).

Active living characteristics, however, do signifi-
cantly moderate the effects of insurance. Features 
associated with this domain, measured as the fre-
quency of transit service in average stops per day in 
a half-mile radius, moderate the impacts of Medicaid 
coverage on two of our selected physical health out-
comes. First, Medicaid coverage has limited effect on 
cardiovascular risk in areas with few transit stops, but 
worsens cardiovascular risk in areas with more fre-
quent transit service. Table 4 highlights and expands 
upon these LATE results. We find that Medicaid cov-
erage increases cardiovascular risk by 0.3 percent-
age points in areas with mean frequency of transit 

Table 2  Control means and the effects of Medicaid coverage on health.

This table shows the causal effects of Medicaid coverage on summary and secondary health outcomes, conveyed as the local average 
treatment effect for insurance coverage. The first column reports the weighted mean of the dependent variable in the control sample 
and the second column reports the local average treatment effect for insurance coverage as estimated by instrumental variable regres-
sion. Detailed information on this instrumental variable specification is outlined in Baicker et  al. (2013). All regressions include 
indicators for number of household members on the lottery list. All analyses are weighted using survey weights. When using the ana-
lytic sample, we cluster standard errors by census tract instead of household, and include sociodemographic covariates as controls. 
*p < 0.10, **p < 0.05, ***p < 0.01. ^The sample sizes for the Framingham risk score, which is calculated for persons 30 years of age 
or older, are 9525 in the in-person survey analyses and 6545 in the analytic sample. Outcomes in % values are scaled by 100; as a 
result the effects of Medicaid coverage are displayed in percentage points for these outcomes

Analytic Sample (n = 8413)

Mean value in  
control group

Effect of 
Medicaid 
coverage

Physical health
  Framingham risk score (%)^ 8.1 0.33
  Systolic blood pressure 119.0 0.27
  Diastolic blood pressure 76.0 −0.96
  Total cholesterol 204.9 −2.07
  HDL cholesterol 47.7 −0.69
  Glycated hemoglobin 5.3 0.03
  BMI 29.8 0.74

Mental health
  Depression screen result (PHQ-8 score) 7.1 −1.67***
  Screened positive for depression (PHQ-8 score >= 10) (%) 31.0 −13.06***

Health-related quality of life
  Physical-component score 45.5 1.42
  Mental-component score 44.3 3.30***
  General health is not poor or very poor (%) 85.7 5.40
  Very happy or pretty happy (%) 74.6 4.91
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Table 3  Moderating role of neighborhood characteristics on summary health outcomes

All regressions include indicators for the number of household members on the lottery list and controls for respondent characteris-
tics (age, gender, race/ethnicity, household income, education, and employment status). Standard errors are in parentheses and are 
clustered by census tract. All analyses are weighted using survey weights. Sample sizes are N = 8413, except for the Framingham 
risk score (N = 6542; three observations aged 30 or older in the analytic sample are missing this outcome). *p < 0.10, **p < 0.05, 
***p < 0.01. The Framingham risk score is scaled by 100; as a result the effects of Medicaid coverage are displayed in percentage 
points for this outcome

Physical health Mental Health Health-related quality 
of life

Framingham risk score Depression screen 
result

Physical-
component 
score

Mental-
compo-
nent score

Socioeconomic deprivation
  Medicaid coverage 0.236 −1.662*** 1.426 3.162***

(0.549) (0.581) (1.061) (1.121)
  Socioeconomic deprivation index (SDI) −0.000546 0.0470 −0.0736 −0.103

(0.0860) (0.0891) (0.168) (0.175)
  Medicaid coverage*SDI 0.188 −0.00149 −0.0255 0.267

(0.234) (0.276) (0.525) (0.541)
Food access

  Medicaid coverage −1.184 −1.301 1.574 3.564*
(0.995) (0.989) (1.949) (2.095)

  Count of grocery stores (in tens within a one-mile 
radius)

−0.465 −0.0818 0.522 0.578
(0.328) (0.336) (0.554) (0.711)

  Medicaid coverage*Count of grocery stores 1.779* −0.460 −0.149 −0.285
(0.964) (1.097) (1.553) (2.145)

Park access and green space
  Medicaid coverage 2.982* −3.779** 0.613 7.378**

(1.558) (1.501) (2.852) (3.086)
  Acres of tree coverage (in tens within a quarter-mile 

radius)
0.204 −0.193 −0.00376 0.351
(0.150) (0.126) (0.272) (0.293)

  Medicaid coverage*Acres of tree coverage −0.808* 0.630 0.241 −1.218
(0.445) (0.398) (0.846) (0.855)

Active living
  Medicaid coverage −0.287 −1.152* 1.458 2.429*

(0.618) (0.659) (1.254) (1.289)
  Frequency of transit service (average stops per day in 

hundreds within a half-mile radius)
−0.0520* 0.0365 0.0392 −0.0576
(0.0268) (0.0318) (0.0554) (0.0576)

  Medicaid coverage*Frequency of transit service 0.190** −0.168* −0.00672 0.285
(0.0770) (0.0892) (0.120) (0.178)

Land use
  Medicaid coverage −0.389 −0.883 2.669* 2.403

(0.702) (0.859) (1.542) (1.614)
  Retail or small business land use (share of street seg-

ments within a census tract)
−0.819 1.012 4.062** −0.646
(0.916) (0.941) (1.900) (2.042)

  Medicaid coverage*Retail or small business land use 3.980 −4.504 −6.513 5.286
(2.518) (3.262) (5.046) (6.719)

122



1 3

Medicaid, Health, and the Moderating Role of Neighborhood Characteristics

service, and by 1.1 percentage points in areas where 
frequency of transit service is one standard deviation 
above the mean.

To further explore this result, we analyze the 
component inputs into the cardiovascular risk score: 
systolic blood pressure (mmHg), total and HDL cho-
lesterol (mg/dL), use of medication for high blood 
pressure, current smoking status, and diabetic gly-
cated hemoglobin (this analysis was not pre-speci-
fied). We do not find evidence that any single input 
is driving the Framingham risk score result. Table 5 
presents these findings. Medicaid worsens total cho-
lesterol, current smoking, and diabetic hemoglobin 
more in areas with more frequent transit service, but 
none of these moderating effects is statistically sig-
nificant. Similarly, Medicaid coverage diminishes the 
probability of taking high blood pressure medication 
in areas with more frequent transit service. However, 
this is unlikely to drive our result; a decrease in the 
use of blood pressure medication is associated with 
improvements in the Framingham risk score.

Second, active living features moderate the 
effects of health insurance coverage on BMI, 

a secondary physical outcome. Table  6 presents our 
LATE estimates (ITT results are available in Table 8 
in the Appendix). Medicaid coverage increases BMI 
by 0.8 in areas with mean frequency of transit service 
and decreases BMI by 0.4 in areas with frequency 
of transit service one standard deviation above the 
mean. Thus, living in a neighborhood with more tran-
sit stops enables Medicaid to reduce BMI. In order 
to test if this result is determined by reductions in 
obese or overweight groups, we examine additional 
outcomes: indicators for an overweight BMI (a BMI 
value greater than or equal to 25) and obese BMI 
(BMI greater than or equal to 30) (these analyses 
were not pre-specified). We further show in Table 6 
that this effect is mainly driven by beneficial impacts 
on the probability of obesity.

We explore this result through two (non-pre-
specified) follow-up analyses. To investigate 
whether the moderating effects of active living 
features are driven by areas with particularly low 
or particularly high frequency of transit stops, we 
examine the extent to which the effects of Medic-
aid coverage are heterogeneous across quartiles of 

Table 4  Moderating role of active living on summary health outcomes

All regressions include indicators for the number of household members on the lottery list and controls for respondent characteris-
tics (age, gender, race/ethnicity, household income, education, and employment status). Standard errors are in parentheses and are 
clustered by census tract. All analyses are weighted using survey weights. Sample sizes are N = 8413, except for the Framingham 
risk score (N = 6542; three observations aged 30 or older in the analytic sample are missing this outcome). *p < 0.10, **p < 0.05, 
***p < 0.01. Mean and standard deviation values of frequency of transit service are 2.869 and 4.253 stops per day in hundreds, 
respectively. The Framingham risk score is scaled by 100; as a result the effects of Medicaid coverage are displayed in percentage 
points for this outcome

Physical Health Mental Health Health-related quality 
of life

Framingham risk score Depression screen 
result

Physical-
component 
score

Mental-
com-
ponent 
score

Medicaid coverage −0.287 −1.152* 1.458 2.429*
(0.618) (0.659) (1.254) (1.289)

Frequency of transit service (average stops per day in hun-
dreds within a half-mile radius)

−0.0520* 0.0365 0.0392 −0.0576
(0.0268) (0.0318) (0.0554) (0.0576)

Medicaid Coverage*Frequency of transit service 0.190** −0.168* −0.00672 0.285
(0.0770) (0.0892) (0.120) (0.178)

Effect of Medicaid coverage at:
  Mean of frequency of transit service 0.3 −1.6 1.4 3.2
  One standard deviation above the mean of frequency of 

transit service
1.1 −2.4 1.4 4.5
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Table 5  Active living and components of the Framingham risk score

The analytic sample is the Framingham risk score subsample (aged 30+ only). Diabetic glycated hemoglobin is a glycated hemo-
globin level greater than or equal to 6.5%. A greater HDL cholesterol value decreases Framingham cardiovascular risk; for all other 
outcomes, a greater value increases Framingham cardiovascular risk. All regressions include indicators for the number of household 
members on the lottery list and controls for respondent characteristics (age, gender, race/ethnicity, household income, education, 
and employment status). Standard errors are in parentheses and are clustered by census tract. All analyses are weighted using sur-
vey weights. Sample consists of individuals aged 30 and older; sample size is 6542 for Framingham risk score (three observations 
aged 30 or older in the analytic sample are missing this outcome) and 6545 for other outcomes. *p < 0.10, **p < 0.05, ***p < 0.01. 
$ Result obtained from Table 3. ^Not pre-specified. †Outcomes are scaled by 100; as a result the effects of Medicaid coverage are 
displayed in percentage points

Framingham 
risk score$†

Systolic 
blood pres-
sure^

Total choles-
terol^

HDL choles-
terol^

Taking any 
medication 
for high 
blood pres-
sure^†

Current 
smoker^†

Diabetic gly-
cated hemo-
globin^†

Medicaid coverage −0.287 0.603 −4.859 −2.131 5.905 2.107 −2.594
(0.618) (2.371) (4.249) (1.636) (4.416) (6.547) (3.112)

Frequency of transit 
service (average 
stops per day in 
hundreds within a 
half-mile radius)

−0.0520* −0.158 −0.490 −0.132 0.658** −0.343 −0.233
(0.0268) (0.161) (0.370) (0.102) (0.289) (0.305) (0.181)

Medicaid 
coverage*Frequency 
of transit service

0.190** −0.0413 1.136 0.451* −1.213** 0.740 0.580
(0.0770) (0.363) (0.702) (0.267) (0.612) (0.696) (0.519)

Table 6  Moderating role of active living on secondary physical health outcomes

All regressions include indicators for the number of household members on the lottery list and controls for respondent characteristics 
(age, gender, race/ethnicity, household income, education, and employment status). Standard errors are in parentheses and are clus-
tered by census tract. All analyses are weighted using survey weights. Sample sizes are N = 8413. *p < 0.10, **p < 0.05, ***p < 0.01. 
^Not pre-specified. Mean and standard deviation values of frequency of transit service are 2.869 and 4.253 stops per day in hundreds, 
respectively. †Outcomes are scaled by 100; as a result the effects of Medicaid coverage are displayed in percentage points

BMI Over-
weight BMI 
(BMI > =25)^†

Obese BMI 
(BMI > =30)^†

Medicaid coverage 1.602* 1.446 10.83*
(0.938) (5.513) (5.870)

Frequency of transit service (average stops per day in hundreds within a 
half-mile radius)

0.0465 0.0564 0.791***
(0.0527) (0.364) (0.300)

Medicaid coverage*Frequency of transit service −0.283*** −0.733 −2.890***
(0.107) (0.787) (0.923)

Effect of Medicaid coverage at:
  Mean of frequency of transit service 0.8 −0.7 2.5
  One standard deviation above the mean of frequency of transit 

service
−0.4 −3.8 −9.7
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this metric. Our results in Table 10 in the Appen-
dix do not show consistent or significant patterns. 
To explore the extent to which respondent char-
acteristics vary across active living features, we 
evaluate the mean values of our sociodemographic 
covariates by quartile of this neighborhood char-
acteristic. This analysis, available in Table  11 in 
the Appendix, suggests that residents of areas with 
greater frequency of transit service are more male, 
slightly older, less likely to be White and Hispanic 
and more likely to be Black, more likely to work 
less than 30  h per week, and have lower house-
hold income compared to residents of areas with 
less transit service. We control for the direct effect 
of these individual characteristics, though unob-
served individual characteristics may of course 
also vary across areas. As noted above, we are 
unable to differentiate between the moderating 
effects of neighborhood characteristics themselves 
and the moderating effect of factors correlated 
with those neighborhood characteristics.

Robustness Tests

We conduct several robustness tests to examine 
the strength of our statistically significant findings 
(these analyses were not pre-specified). First, we 
investigate whether other metrics of active living 
produce similar findings to those using frequency of 
transit service. As shown in Table 12 in the Appen-
dix, we find similar patterns using other metrics, 
such as population and business densities per acre 
within a quarter mile radius (these variables were 
similarly constructed by linking each respondent’s 
address to Metro regional land information system 
data and 2009 INFOUSA business licensing data, 
respectively, using ArcGIS). This result is perhaps 
not surprising given that the other metrics are highly 
correlated with frequency of transit service (correla-
tion coefficients of 0.85 and 0.82). The estimates of 
the moderating effect of population density for BMI 
are particularly strong.

Next, we include multiple domains of neighbor-
hood characteristics in the same regression, includ-
ing transit service, food access, and park access and 
green space metrics. These domains were selected 
due to their borderline statistical significance in the 
main LATE analysis of the cardiovascular risk score 

(Table 3, p < 0.1), as well as their independent poten-
tial to influence physical health outcomes. Table  13 
in the Appendix shows these results. Account-
ing for these, other domains attenuate the extent to 
which transit service moderates the effects of Med-
icaid coverage on cardiovascular risk. However, the 
impact of Medicaid coverage on BMI is stable across 
specifications.

Vulnerable Subgroups

We further evaluate the extent to which each domain 
of neighborhood characteristics moderates the effects 
of Medicaid coverage for vulnerable subgroups. 
First, we investigate these moderating effects on the 
Framingham risk score for respondents with a pre-
existing “high risk” diagnosis; our estimates of fre-
quency of transit service are larger for this subgroup. 
Next, we examine the depression screen score for 
respondents with a pre-lottery diagnosis of depres-
sion or anxiety and find no moderating effects from 
any domain of neighborhood characteristics for this 
subgroup. Complete results are presented in Table 14 
in the Appendix.

Discussion

Neighborhood characteristics may themselves have 
important effects on health, but we find that they exert 
only limited moderating effects on the relationship 
between Medicaid coverage and health outcomes. 
These null results for multiple neighborhood domains 
have implications for health policy. Our results sug-
gest that Medicaid coverage and a variety of neigh-
borhood characteristics are not consistent substitutes 
or complements. Targeting Medicaid expansions 
based on neighborhood characteristics may success-
fully identify people who are eligible for coverage 
but appears to hold limited promise for amplified 
effectiveness through the interaction of health insur-
ance coverage and neighborhoods. Absent compel-
ling evidence of moderating effects, Medicaid expan-
sions appear to be similarly effective across different 
neighborhoods.

That said, our results generate several intriguing 
hypotheses. First, our findings suggest that the mech-
anisms linking Medicaid coverage, neighborhood 
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characteristics, and health do not conform to com-
mon narratives with simple policy prescriptions. For 
example, we find no evidence to support the hypoth-
esis that insurance is much more effective in reducing 
blood sugar levels when new enrollees live in places 
with more grocery stores (Table 8 in the Appendix). 
Second, this study highlights some potentially impor-
tant interactions where additional study may help illu-
minate complex pathways, such as the relationship 
between transit service and the effects of Medicaid 
on cardiovascular risk and obesity. Further study is 
needed to explore causal mechanisms.

Limitations

Our study has several limitations that highlight criti-
cal areas for future research. First, by exploiting the 
randomized lottery, we can identify the causal effects 
of Medicaid coverage; however, neighborhood char-
acteristics are not similarly randomly assigned. As 
previously discussed, we cannot disentangle the direct 
moderating effects of neighborhood characteristics 
from the moderating effects of other factors associ-
ated with those neighborhoods or their residents.

Second, we examine the moderating effects of 
five domains of neighborhood characteristics (socio-
economic deprivation; food access; park access and 
green space; attributes that promote active living; and 
land use), but other area-related factors that were not 
considered in the analysis may be important, such as 
the supply of health services.

In addition, our analysis focuses on the effects of 
a Medicaid expansion on a low-income population in 
neighborhoods within Portland, Oregon. These estimates 
may not generalize to other people or locations with dif-
ferent residential or area characteristics, especially rural 
areas.

Other limitations may affect our ability to detect 
relatively small effects. For example, although we 
generally find statistically insignificant moderating 
effects of neighborhood characteristics, our confi-
dence intervals are often wide enough to include 
effect sizes that might be clinically meaningful. In 
addition, we may not have a sufficient sample size 
to explore effects among subgroups such as those 
with specific preexisting health conditions. These 

limitations should be considered in future research 
using alternative empirical strategies.

Conclusion

There has been much speculation about the interac-
tion between neighborhood characteristics and health 
insurance coverage in driving health outcomes. Using 
in-person survey data from the Oregon Health Insur-
ance Experiment linked to information on neighbor-
hood characteristics in Portland, OR, we evaluate the 
extent to which neighborhood characteristics moder-
ate the causal effects of health insurance on physical 
health, mental health, and health-related quality of 
life. Overall, we find limited evidence that neighbor-
hood characteristics influence the impacts of health 
insurance coverage. Understanding the interplay 
between neighborhoods and health insurance cover-
age can inform health policy to improve the effective-
ness of future health insurance expansions.
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Appendix
Table 7  Intent-to-treat effect of lottery and local average treatment effect of Medicaid on summary health outcomes, moderated by 
neighborhood characteristics

All regressions include indicators for the number of household members on the lottery list and controls for respondent characteristics (age, gen-
der, race/ethnicity, household income, education, and employment status). Standard errors are in parentheses and are clustered by census tract. 
All analyses are weighted using survey weights. Sample sizes are N = 8413, except for the Framingham risk score (N = 6542; three observations 
aged 30 or older in the analytic sample are missing this outcome). *p < 0.10, **p < 0.05, ***p < 0.01. The Framingham risk score is scaled by 
100; as a result the effects of Medicaid coverage are displayed in percentage points for this outcome

Physical health Mental health Health-related quality of life

Framingham risk score Depression screen result Physical-component score Mental-component score

ITT (lottery 
selection)

LATE (Medic-
aid coverage)

ITT (lottery 
selection)

LATE (Medicaid 
coverage)

ITT (lottery 
selection)

LATE (Medic-
aid coverage)

ITT (lottery 
selection)

LATE (Medic-
aid coverage)

Socioeconomic deprivation

  Lottery selection/Medicaid coverage 0.0485 0.236 −0.388*** −1.662*** 0.334 1.426 0.728*** 3.162***

(0.135) (0.549) (0.138) (0.581) (0.252) (1.061) (0.266) (1.121)

  Socioeconomic deprivation index 
(SDI)

0.0369 −0.000546 0.0329 0.0470 −0.0671 −0.0736 −0.0199 −0.103

(0.0455) (0.0860) (0.0379) (0.0891) (0.0763) (0.168) (0.0759) (0.175)

  Lottery selection/Medicaid 
coverage*SDI

0.0432 0.188 0.0142 −0.00149 −0.0183 −0.0255 0.0334 0.267

(0.0572) (0.234) (0.0645) (0.276) (0.123) (0.525) (0.127) (0.541)

Food access

  Lottery selection/Medicaid coverage −0.293 −1.184 −0.272 −1.301 0.339 1.574 0.766 3.564*

(0.221) (0.995) (0.233) (0.989) (0.437) (1.949) (0.479) (2.095)

  Count of grocery stores (in tens 
within a one-mile radius)

−0.0845 −0.465 −0.190 −0.0818 0.497* 0.522 0.533 0.578

(0.141) (0.328) (0.139) (0.336) (0.273) (0.554) (0.333) (0.711)

  Lottery selection/Medicaid 
coverage*Count of grocery stores

0.448** 1.779* −0.136 −0.460 −0.0110 −0.149 −0.0117 −0.285

(0.214) (0.964) (0.278) (1.097) (0.361) (1.553) (0.520) (2.145)

Park access and green space

  Lottery selection/Medicaid coverage 0.723* 2.982* −0.921** −3.779** 0.155 0.613 1.798** 7.378**

(0.384) (1.558) (0.372) (1.501) (0.687) (2.852) (0.757) (3.086)

  Acres of tree coverage (in tens 
within a quarter-mile radius)

0.0654 0.204 −0.0675 −0.193 0.0213 −0.00376 0.108 0.351

(0.0854) (0.150) (0.0694) (0.126) (0.151) (0.272) (0.167) (0.293)

  Lottery selection/Medicaid 
coverage*Acres of tree coverage

−0.193* −0.808* 0.161 0.630 0.0498 0.241 −0.311 −1.218

(0.106) (0.445) (0.0980) (0.398) (0.202) (0.846) (0.207) (0.855)

Active living

  Lottery selection/Medicaid coverage −0.0869 −0.287 −0.229 −1.152* 0.318 1.458 0.492* 2.429*

(0.144) (0.618) (0.149) (0.659) (0.285) (1.254) (0.290) (1.289)

  Frequency of transit service (average 
stops per day in hundreds within a 
half-mile radius)

−0.00823 −0.0520* −0.00160 0.0365 0.0377 0.0392 0.00678 −0.0576

(0.0118) (0.0268) (0.0136) (0.0318) (0.0319) (0.0554) (0.0284) (0.0576)

  Lottery selection/Medicaid 
coverage*Frequency of transit service

0.0552*** 0.190** −0.0531** −0.168* 0.00297 −0.00672 0.0914* 0.285

(0.0200) (0.0770) (0.0263) (0.0892) (0.0321) (0.120) (0.0488) (0.178)
Land use

  Lottery selection/Medicaid coverage −0.114 −0.389 −0.170 −0.883 0.635* 2.669* 0.504 2.403

(0.171) (0.702) (0.211) (0.859) (0.369) (1.542) (0.399) (1.614)

  Retail or small business land use 
(share of street segments within 
a census tract)

0.0280 −0.819 0.0471 1.012 2.731*** 4.062** 0.509 −0.646

(0.471) (0.916) (0.392) (0.941) (1.008) (1.900) (0.941) (2.042)

  Lottery selection/Medicaid 
coverage*Retail or small busi-
ness land use

1.078 3.980 −1.207 −4.504 −1.647 −6.513 1.450 5.286

(0.670) (2.518) (0.910) (3.262) (1.288) (5.046) (1.834) (6.719)
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Table 9  Intent-to-treat effect of lottery and local average treatment effect of Medicaid on secondary mental and health-related qual-
ity of life outcomes, moderated by neighborhood characteristics

All regressions include indicators for the number of household members on the lottery list and controls for respondent characteristics 
(age, gender, race/ethnicity, household income, education, and employment status). Standard errors are in parentheses and are clus-
tered by census tract. All analyses are weighted using survey weights. Sample sizes are N = 8413. *p < 0.10, **p < 0.05, ***p < 0.01. 
All outcomes in this table are scaled by 100; as a result the effects of Medicaid coverage are displayed in percentage points

Mental health Health-related quality of life

Screened positive for depression General health is not poor or 
very poor

Very happy or pretty happy

ITT (lottery  
selection)

LATE (Medic-
aid coverage)

ITT (lottery 
selection)

LATE (Medic-
aid coverage)

ITT (lottery 
selection)

LATE (Medic-
aid coverage)

Socioeconomic deprivation
  Lottery selection/Med-

icaid coverage
−3.089*** −13.19*** 1.090 4.827 0.960 4.297
(1.183) (4.960) (0.891) (3.751) (0.924) (3.920)

  Socioeconomic depri-
vation index (SDI)

0.0955 0.136 −0.486* −0.736 −0.153 −0.436
(0.326) (0.737) (0.275) (0.534) (0.307) (0.590)

  Lottery selection/Med-
icaid coverage*SDI

0.190 0.327 0.184 0.990 0.228 1.163
(0.522) (2.234) (0.378) (1.596) (0.406) (1.731)

Park access and green space
  Lottery selection/Med-

icaid coverage
−6.892** −28.27** 2.075 8.478 1.930 7.887
(3.041) (12.05) (2.545) (10.34) (2.435) (9.989)

  Acres of tree cover-
age (in tens within a 
quarter-mile radius)

−0.0120 −0.926 0.181 0.397 −0.131 0.0736
(0.617) (1.064) (0.485) (0.877) (0.617) (1.018)

  Lottery selection/Med-
icaid coverage*Acres 
of tree coverage

1.163 4.536 −0.252 −0.923 −0.241 −0.887
(0.823) (3.309) (0.668) (2.737) (0.659) (2.731)

Table 10  Effect of Medicaid coverage by frequency of transit service percentile

This table displays the effects of Medicaid coverage by frequency of transit service quartile. See Table 3 notes for specification 
details. These analyses were not pre-specified

Framingham risk score
Effect of Medicaid coverage Standard error p value

Frequency of transit service at the:
25th percentile −0.11 0.59 0.86
50th percentile 0.06 0.57 0.92
75th percentile 0.37 0.54 0.49

BMI
Effect of Medicaid coverage Standard error p value

Frequency of transit service at the:
25th percentile 1.34 0.89 0.13
50th percentile 1.10 0.85 0.19
75th percentile 0.65 0.79 0.41

129



1 3

Dennett et al.

Table 11  Means of sociodemographic characteristics by quartile of active living

Sample sizes are N = 8413. All means are weighted by the total weight in the in-person survey. Respondents can report more than one 
race or ethnicity. Household income is approximate (average household income is coded using midpoints and top coded at $50,000). 
These analyses were not pre-specified

1 (lowest) 2 3 4 (highest)

Frequency of transit service(average stops per day in 
hundreds within a half-mile radius)

45.4 132.1 244.8 731.8

Female (%) 58.3 58.8 56.1 51.5
Age (years) 39.4 39.9 40.1 42.6
Race/ethnicity (%):

  Hispanic (%): 22.2 19.7 19.3 10.0
  Black 5.1 9.7 12.3 20.9
  Other (non-White) 12.7 14.6 15.8 16.8
  White 71.6 67.2 63.9 64.1

Educational attainment (%):
  Less than high school 20.7 23.7 23.0 18.0
  High school diploma or GED 47.2 45.6 45.9 46.5
  Post-high school 23.3 22.6 20.8 22.2
  Four year degree or more 8.8 8.2 10.3 13.3

Employment status (%):
  Not currently employed 48.6 49.9 51.7 51.4
  Less than 20 h per week 9.6 10.0 9.7 10.0
  20–30 h per week 9.8 11.5 11.0 13.4
  More than 30 h per week 32.0 28.6 27.7 25.1

Household income ($): 21,173 18,639 17,428 15,877

Table 12  Robustness tests for the active living domain of neighborhood characteristics

All regressions include indicators for the number of household members on the lottery list and controls for respondent characteris-
tics (age, gender, race/ethnicity, household income, education, and employment status). Standard errors are in parentheses and are 
clustered by census tract. All analyses are weighted using survey weights. Sample sizes are N = 8413, except for the Framingham 
risk score (N = 6542; three observations aged 30 or older in the analytic sample are missing this outcome). *p < 0.10, **p < 0.05, 
***p < 0.01. Regressions using population density and business density were not pre-specified. The Framingham risk score is scaled 
by 100; as a result the effects of Medicaid coverage are displayed in percentage points for this outcome

Medicaid coverage Framingham risk score BMI
−0.287 −0.269 0.0596 1.602* 2.154** 1.214
(0.618) (0.665) (0.591) (0.938) (0.948) (0.868)

Frequency of transit service (average stops per day in hun-
dreds within a half-mile radius)

−0.0520* 0.0465
(0.0268) (0.0527)

Medicaid coverage*Frequency of transit service 0.190** −0.283***
(0.0770) (0.107)

Population density (hundreds per acre within a quarter-mile 
radius)

−0.607* 2.213***
(0.361) (0.719)

Medicaid coverage*Population density 2.711*** −6.680***
(1.012) (1.917)

Business density (hundreds per acre within a quarter-mile 
radius)

−0.0567 0.240*
(0.0709) (0.127)

Medicaid coverage*Business density 0.426*** −0.811**
(0.144) (0.327)
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Table 13  Effect of Medicaid coverage moderated by active living and additional domains of neighborhood characteristics

The regressions displayed in this table incorporate multiple neighborhood characteristic variables into the 2SLS specifications. 
All regressions include indicators for the number of household members on the lottery list and controls for respondent characteris-
tics (age, gender, race/ethnicity, household income, education, and employment status). Standard errors are in parentheses and are 
clustered by census tract. All analyses are weighted using survey weights. Sample sizes are N = 8413, except for the Framingham 
risk score (N = 6542; three observations aged 30 or older in the analytic sample are missing this outcome). *p < 0.10, **p < 0.05, 
***p < 0.01. Multiple neighborhood characteristic analyses were not pre-specified. The Framingham risk score is scaled by 100; as a 
result the effects of Medicaid coverage are displayed in percentage points for this outcome

Framingham risk score BMI

Medicaid coverage −0.287 −1.037 1.827 0.985 1.602* 1.036 3.655 3.246
(0.618) (1.152) (1.965) (2.389) (0.938) (1.728) (2.833) (3.494)

Frequency of transit service (average 
stops per day in hundreds within a 
half-mile radius)

−0.0520* −0.0196 −0.0343 −0.0119 0.0465 0.152** 0.0451 0.144*
(0.0268) (0.0557) (0.0311) (0.0555) (0.0527) (0.0726) (0.0601) (0.0745)

Medicaid coverage*Frequency of 
transit service

0.190** 0.0658 0.128 0.0336 −0.283*** −0.381** −0.344*** −0.413**
(0.0770) (0.147) (0.0913) (0.147) (0.107) (0.191) (0.127) (0.190)

Count of grocery stores (in tens 
within a one-mile radius)

−0.346 −0.262 −1.091 −1.050
(0.575) (0.583) (0.811) (0.829)

Medicaid coverage*Count of grocery 
stores

1.356 1.103 1.032 0.717
(1.638) (1.666) (2.346) (2.370)

Acres of tree coverage (in tens within 
a quarter-mile radius)

0.151 0.132 −0.0458 −0.0769
(0.170) (0.174) (0.220) (0.226)

Medicaid coverage*Acres of tree 
coverage

−0.583 −0.519 −0.555 −0.551
(0.515) (0.527) (0.733) (0.749)
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Table 14  Intent-to-treat effect of lottery and local average treatment effect of Medicaid for vulnerable  subgroups, moderated by 
neighborhood characteristics

See Table  3 notes. “High risk” sample is limited to those with a pre-existing “high-risk” diagnosis, defined as a pre-randomiza-
tion diagnosis of diabetes, high blood pressure, high cholesterol, heart attack, or congestive heart failure (N = 2095; 138 “high risk” 
observations are aged less than 30 and one observation aged 30 or older are missing a Framingham risk score in the analytic sample). 
Depression subgroup is limited to those with a pre-existing diagnosis of depression or anxiety (N = 2797). *p < 0.10, **p < 0.05, 
***p < 0.01. The Framingham risk score is scaled by 100; as a result the effects of Medicaid coverage are displayed in percentage 
points for this outcome

Physical health in “high risk” diagnosis 
subgroup

Mental health in depression or anxiety 
diagnosis subgroup

Framingham Risk Score Depression Screen Result

ITT (lottery  
selection)

LATE (Medic-
aid coverage)

ITT (lottery selection) LATE (Medic-
aid coverage)

Socioeconomic deprivation
  Lottery selection/Medicaid coverage 0.339 1.470 −0.432* −1.833*

(0.286) (1.134) (0.246) (1.019)
  Socioeconomic deprivation index (SDI) 0.0479 −0.0397 0.149* 0.203

(0.111) (0.203) (0.0783) (0.186)
  Lottery selection/Medicaid coverage*SDI 0.105 0.460 −0.0402 −0.214

(0.148) (0.538) (0.111) (0.483)
Food access

  Lottery selection/Medicaid coverage −0.129 −1.345 −0.879** −3.996**
(0.461) (2.268) (0.429) (2.008)

  Count of grocery stores (in tens within a 
one-mile radius)

−0.357 −1.457 −0.843*** −1.453*
(0.289) (1.085) (0.250) (0.784)

  Lottery Selection/Medicaid Coverage*Count 
of grocery stores

0.619 3.683 0.496 2.338
(0.405) (2.621) (0.459) (2.057)

Park access and green space
  Lottery selection/Medicaid coverage 1.079 4.926 −0.638 −2.314

(0.818) (3.673) (0.615) (2.117)
  Acres of tree coverage (in tens within a 

quarter-mile radius)
0.0833 0.328 −0.00776 −0.0683
(0.176) (0.351) (0.118) (0.202)

  Lottery selection/Medicaid coverage*Acres 
of tree coverage

−0.205 −0.954 0.0566 0.128
(0.232) (0.934) (0.166) (0.560)

Active living
  Lottery selection/Medicaid coverage 0.115 −0.226 −0.463 −2.100*

(0.345) (1.376) (0.282) (1.253)
  Frequency of transit service (average stops 

per day in hundreds within a half-mile 
radius)

−0.0462** −0.273*** −0.0736** −0.0850
(0.0213) (0.104) (0.0321) (0.0636)

  Lottery selection/Medicaid 
coverage*Frequency of transit service

0.0893** 0.662*** 0.000128 0.0415
(0.0364) (0.230) (0.0497) (0.156)

Land use
  Lottery selection/Medicaid coverage 0.310 0.764 −0.617 −2.884

(0.406) (1.875) (0.387) (1.764)
  Retail or small business land use (share of 

street segments within a census tract)
−0.594 −2.536 −3.011*** −4.138*
(1.123) (4.400) (0.933) (2.487)

  Lottery selection/Medicaid coverage*Retail 
or small business land use

0.525 5.332 0.796 4.420
(1.439) (10.42) (1.619) (6.285)
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