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POPULATION HEALTH

By Elizabeth H. Bradley, Maureen Canavan, Erika Rogan, Kristina Talbert-Slagle, Chima Ndumele,

Lauren Taylor, and Leslie A. Curry

Variation In Health Outcomes:
The Role Of Spending On Social
Services, Public Health, And
Health Care, 2000-09

ABSTRACT Although spending rates on health care and social services vary
substantially across the states, little is known about the possible
association between variation in state-level health outcomes and the
allocation of state spending between health care and social services. To
estimate that association, we used state-level repeated measures
multivariable modeling for the period 2000-09, with region and time
fixed effects adjusted for total spending and state demographic and

economic characteristics and with one- and two-year lags. We found that
states with a higher ratio of social to health spending (calculated as the
sum of social service spending and public health spending divided by the
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sum of Medicare spending and Medicaid spending) had significantly
better subsequent health outcomes for the following seven measures:
adult obesity; asthma; mentally unhealthy days; days with activity
limitations; and mortality rates for lung cancer, acute myocardial
infarction, and type 2 diabetes. Our study suggests that broadening the
debate beyond what should be spent on health care to include what
should be invested in health—not only in health care but also in social
services and public health—is warranted.

he high cost of health care remains

a pressing concern for state policy

makers and taxpayers. During the

period 1999-2009, health care

costs increased faster than infla-
tion,! and in many states Medicaid inflation-
adjusted spending has had a compound annual
growth rate of more than 5 percent since 2000.>
Such increased spending may reflect greater in-
surance coverage and access to health care for
the population. Nevertheless, greater invest-
ments in health care without equivalent econom-
ic and tax revenue growth may result in fewer
resources for state-funded social services, such
as housing, nutrition, and income support
programs—which themselves may influence
health outcomes in states.

MAY 2016 35:5

The potential for social services to be crowded
out to some degree by rising health care costs is
of particular concern given health policy makers’
growing interest in the role of social determi-
nants in influencing the health of individuals
and populations. Extensive evidence demon-
strates a clear relationship between a variety of
social determinants and health outcomes.*®
Poor environmental conditions, low incomes,
and inadequate education have consistently
been associated with poorer health in a diverse
set of populations. Taken together, social, be-
havioral, and environmental factors are estimat-
ed to contribute to more than 70 percent of some
types of cancer cases, 80 percent of cases of heart
disease, and 90 percent of cases of stroke.”?

Furthermore, several studies have aimed to
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quantify the health gains associated with social
service interventions.’™ The provision of hous-
ing vouchers,’ assistance with covering home
energy needs,” and availability of supermar-
kets' have been associated with subsequent re-
ductions in extreme obesity,”"? diabetes,’ and
nutritional risk among children.' The availabil-
ity of prenatal and infant nutritional and income
supports have been associated with reduced in-
fant mortality,"'** early childhood education
can be linked to lower blood pressure in adult-
hood, and income supports for older adults
such as Supplemental Security Income have been
associated with reductions in disability."”

Background

Despite the policy relevance of understanding
the relative spending on health care and social
services and its association with health outcomes
across the states, previous studies have not fully
examined this question. International compari-
sons'®!® have demonstrated that when overall
spending is adjusted for, countries with higher
social services spending relative to health care
spending had significantly better health out-
comes. Nevertheless, studies assessing the asso-
ciation between social service and health spend-
ing and health outcomes within the United
States are limited, largely because of the difficul-
ty of obtaining comparable data across states on
social services spending.

We found only three relevant studies.”>**?' Two
investigated the state-level variation in social
and health care spending and all-cause mortali-
ty,??! and the third examined the association
between social and health care spending and
premature mortality using variation across large
US cities.” Each of these studies found a signifi-
cant association between higher spending on
education and lower all-cause mortality, al-
though two of the studies used only a single year
of data.’** Additionally, each study lacked
health outcomes other than all-cause mortality,
and the spending data used focused largely on
education and income support expenditures in-
stead of including a more comprehensive set of
services—such as those related to housing, nu-
trition support, public health, and transporta-
tion—that may be associated with health out-
comes.

Accordingly, we sought to advance this litera-
ture by exploring the association between state-
level health outcomes and relative spending on
social services and public health and on health
care. We hypothesized that states with higher
ratios of social to health spending would have
better health outcomes in subsequentyears. One
explanation for such a finding could be that

states with greater illness spend more on health
care to address illness, which crowds out spend-
ing on social services and reduces the ratio (that
is, higher spending on social services and public
health services divided by spending on health
care services)—thus resulting in an observed as-
sociation between lower ratios of social to health
spending and poorer health. An alternative ex-
planation for this finding is that spending on
social services and public health meaningfully
addresses social determinants of health and thus
improves health outcomes.

We constructed a unique data set of health care
spending from the National Health Expendi-
tures data and public health and social service
spending data from the Census Bureau by state
for the period 2000-09. We gathered health out-
come data from the Centers for Disease Control
and Prevention (CDC) for prevalent and costly
conditions for which consistent data existed for
the same period.

As our primary analysis, we explored the rela-
tionship between the ratio of social to health
spending and subsequent health outcomes, after
adjusting for total spending. We did not estimate
the effects of the ratio’s components in the same
model, since they are part of the same construct
(state-level public spending) and highly correlat-
ed, and doing so would have resulted in multi-
collinearity. However, we did test the contribu-
tion of each component separately, adjusted for
time and region fixed effects, state-level repeated
measures, logged gross domestic product
(GDP), and total spending as a percentage of
GDP. Findings may inform efforts among policy
makers, clinicians, and researchers to leverage
social services and health care spending more
effectively to improve population health.

Study Data And Methods

STUDY DESIGN AND sAMPLE We conducted a ret-
rospective longitudinal study of the fifty states
and the District of Columbia for the period
2000-09 (giving us 510 state-year observations).
This decade was the most recent ten-year period
for which consistent data were available on
health care, public health, and social services
spending across states. As mentioned above,
we used a unique data set that we created from
existing data on the targeted health outcomes as
well as on spending on health care services, pub-
lic health services, and social services.

The study was deemed exempt from review by
the Institutional Review Board at the Yale Uni-
versity School of Medicine because we used pub-
licly available deidentified data.

DATA AND MEASURES

» DEPENDENT VARIABLES: Our dependent
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variables were eight measures of state-level
health outcomes that were selected as prevalent
and costly conditions for which consistent data
were available for the study period. These health
outcomes included the percentages of adults in
the state who were obese (body mass index of
30 kg/m? or more), had asthma, reported four-
teen or more days in the past thirty days as men-
tally unhealthy, or reported fourteen or more
days in the past thirty days with activity
limitations—all of which we measured using data
from the Behavioral Risk Factor Surveillance
System for the study period. Our other health
outcomes were as follows: state-level mortality
rates per 100,000 population for acute myocar-
dial infarction, lung cancer, and type 2 diabetes
(measured using data from the CDC)*? and post-
neonatal mortality rates (measured in three-year
intervals using data from the National Center for
Health Statistics).?

» INDEPENDENT VARIABLE: Our independent
variable of interest for each state and year was
the spending on social services and public health
relative to the spending on health care in each
state. This independent variable was used to
measure spending on services that address social
determinants of health that have been shown to
be associated with health outcomes (for exam-
ple, nutrition, housing, and income support)
relative to spending on services that address
the medical determinants of health (such as
health care).’

In models that adjusted for total absolute
spending as a percentage of GDP, relative spend-
ing was measured by the ratio of social to health
spending (calculated as the sum of social services
spending and public health spending divided by
the sum of Medicare spending and Medicaid
spending for beneficiaries residing in the state).
We included public health spending in the nu-
merator because, like social services spending,
most public health spending focuses primarily
on addressing social and environmental deter-
minants of health for the population, as opposed
to medical care delivered to individuals.

We included social services for which there is
literature suggesting that they have a positive
effect on recipients’ health.” These services in-
cluded primary, secondary, and higher educa-
tion; income supports, such as cash assistance,
general relief for low-income or needs-tested
beneficiaries of public welfare programs, and
Supplemental Nutritional Assistance Program
funding; transportation, such as spending on
sidewalks, highways, and mass transit systems;
environment, such as sanitation and recreation-
al programming and the conservation of natural
resources; public safety, including law enforce-
ment and fire protection but excluding correc-
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The allocation of
state-level spending
on social services and
public health and on
health care, may be
key to understanding
population health
outcomes.

tions; and housing, such as aid for public or
private housing and community development.

Data on social services spending were ob-
tained from the Census Bureau’s 2014 Annual
Survey of State and Local Government Finances,
the Social Security Administration, the Admin-
istration for Children and Families, and the De-
partment of Agriculture for the period 2000-09.
Public health spending, obtained from the Cen-
sus Bureau, included expenditures for public
health department activities and federally de-
fined health activities and programs (for exam-
ple, disease surveillance; the Special Supplemen-
tal Nutrition Program for Women, Infants, and
Children; health-related inspections; communi-
ty health care programs; the regulation of air and
water quality; and animal control).

The ratio of social to health spending was cal-
culated with the following two denominators:
publicly funded health care spending (Medicare
plus Medicaid) and all public and private health
care spending in the states. We used the publicly
funded health care services denominator in our
analyses because we had data only on publicly
funded social services and public health services
to calculate the numerator.

» COVARIATES: We sought to adjust for factors
related to demographic characteristics, econom-
ics, and the availability of health care resources
that might confound the association between
state spending and health. Demographic factors
for 2000-09 included the percentages of the
state population ages sixty-five and older, white,
female, ages twenty-five and older with a high
school diploma, and residents of urban areas (all
of this information was obtained from the Cen-
sus Bureau) and geographic region (obtained
from the Bureau of Economic Analysis). Eco-
nomic factors for 2000-09 included unemploy-
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Our findings suggest
broadening the debate
beyond health care
spending to include
investments in social
services and public

health.

ment rate (obtained from the Department of La-
bor), mean housing price (obtained from the
Federal Housing Finance Agency), percentage
of children living in single-parent households
(obtained from Kids Count),* and state-level
logged GDP per capita (obtained from the Bu-
reau of Economic Analysis).

We created a political affiliation variable to
indicate states in which the governor and the
majority of both state legislatures were Demo-
crats or Republicans, and states where neither
party had control of both executive and legisla-
tive branches. Last, we obtained data on health
care resources (hospital beds, primary care pro-
viders, and dentists per 100,000 population)
from the American Hospital Association, Ameri-
can Medical Association, and American Dental
Association.

DATA ANALYSIs We used standard descriptive
statistics and graphs to characterize state-level
variation in health outcomes, in the ratio of so-
cial to health spending, and in the component
parts of the ratio. We summarized selected health
outcome data and ratio data into quintiles and
produced US maps using the most recent year of
the study period, 2009 (see the online Ap-
pendix).”

To understand the component parts of the ra-
tio by state, we created a graph with social and
public health spending as a percentage of GDP
on the y axis and health care spending as a per-
centage of GDP on the z axis. Because the com-
ponents are highly correlated and capture the
same construct (state spending on services),
we could not fit models that simultaneously test-
ed their independent associations with health
outcomes. However, we did test the contribution
of each component separately using one- and
two-year lagged spending variables, adjusted
for time and region fixed effects, state-level re-
peated measures, logged GDP per capita, and

total spending as a percentage of GDP. In gener-
al, we reported spending as a percentage of each
state’s GDP to account for cost and price differ-
ences across states.

To estimate associations between the ratio of
social to health spending and each of the eight
health outcomes, we fitted separate multivari-
able linear regression models for each health
outcome as a function of the ratio of social to
health spending in the state, using annual data
for 2000-09 with spending variables lagged one
and two years. We adjusted these models for the
log of the state GDP per capita, total spending
(summing the components of the ratio) as a per-
centage of state GDP, time and region fixed ef-
fects,?®**" and state-level repeated measures when
serial correlation was significant based on the
Wooldridge test.?®*

We fitted each model with candidate covari-
ates, including the percentage of the population
living in urban settings, percentage white, un-
employment rate, percentage of children living
in single-parent households, and number of pri-
mary care physicians and hospitals per 100,000
population. We excluded several other variables
that were found to be multicollinear®* with the
spending ratio, the state GDP, or the density of
primary care physicians. We removed the vari-
able for political affiliation because it was non-
significant in all models, and we tested the final
models for multicollinearity assumptions with
the variance inflation factor.™

We estimated robust standard errors using
Huber-White sandwich estimators.** We chose
not to use state fixed effects because with only
ten years of data and modest variation within
states over time, there were statistical power lim-
itations. For all models, we imputed missing data
using an iterative Markov chain Monte Carlo
method with fifty imputations per variable.**
We reported regression coefficients for a change
of one standard deviation (which was equivalent
to 20 percent of the median value of the ratio of
social to health spending with Medicare and
Medicaid spending in the denominator and to
10 percent of the median value of the ratio with
total health care spending in the denominator).

In a secondary analysis we reestimated the
primary models using the ratio of social to health
spending with total health care spending (in-
stead of only publicly funded spending through
Medicare and Medicaid) in the ratio’s denomi-
nator. All statistical analyses were performed
with Stata, version 12.

LimiTatioNs Our findings should be inter-
preted in light of several limitations. First, our
data were state-level observational data and thus
should be interpreted as reflecting statistical as-
sociation, not causation. Nonetheless, we used
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strong statistical methods to estimate the asso-
ciation between spending and health outcomes,
and we demonstrated the association between
spending in one year and health outcomes one
and two years later at the state level. The lags
were used to address concerns about reverse cau-
sality; with only ten years of data, we could not
examine longer lag times because of statistical
power considerations. We also adjusted for a
range of potentially confounding variables,
state-level repeated measures, and region and
time fixed effects. Moreover, we interpreted
the results as pertaining to the state-level out-
comes, recognizing that our findings could not
be extrapolated to individual-level experiences.

Second, the data were somewhat dated, and, as
noted above, statistical power was limited by our
having only ten years of data. As a robustness
check, we replaced region fixed effects with state
fixed effects. Although statistical significance
was lost on several estimates when we did this,
the magnitude and direction of the effects did
not change substantially—which suggested pow-
er limitations.

Third, we restricted the analysis to public
spending on social services, public health, and
health care services, since comprehensive state-
level data on private spending on social services
and public health were not readily available. De-
spite these limitations, the data we used were the
most extensive contemporary and historical data
we could locate that were consistently measured
across all states. In addition, this study substan-
tially extends previous work in this area, much of
which has been conducted with only one year
of data.

Fourth, we were unable to identify all social
services spending that passed directly from the
federal government to individuals without being
administered by the states. These federal expen-
ditures, however, were unlikely to vary greatly
per person across states and thus should not
substantially bias our findings.

Fifth, because spending and health data were
linked to state residence, we were unable to ad-
dress the issue of crossing state borders to re-
ceive services. Recent research suggests, howev-
er, that such border crossing for Medicaid
benefits is modest.® Furthermore, we did not
have data on nonprofit spending on social ser-
vices and public health, which can vary by state*®
and hence could have affected the results.

Last, while the study suggests a new avenue for
research on policy-level determinants of a broad
range of health outcomes, it was not designed to
identify specific programs, particular social ser-
vices, or public health actions to which the posi-
tive effects could be attributed.
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Study Results

STATE-LEVEL VARIATION IN SPENDING AND OUT-
coMEs States varied greatly in terms of spending
and all eight outcomes. The average ratio of so-
cial to health spending in 2000-09 was 3.09, and
the median was 3.02 (Exhibit 1). Thus, in the
average state, for every $1 of Medicare and Med-
icaid spending, an additional $3 was spent on
social services and public health. The mean share
of state GDP devoted to health care spending was
14.1 percent, while 12.2 percent was devoted to
social services spending (Exhibit 2).

Although the ratio of social to health spending
was relatively stable over time within any single
state (data not shown), there was variation in the
ratio and its components across the states in
2009, the most current year for which data were
available (Exhibit 3). Exhibits 5-8 in the Appen-
dix® characterize states by quintiles of the ratio
and health outcomes.

ASSOCIATIONS BETWEEN SPENDING AND
HEALTH ouTtcoMEs In fully adjusted multivariate
models, states with higher one-yearlagged ratios
of social to health spending had significantly
better health outcomes in seven of the eight
health measures (model 1 in Exhibit 4). Specifi-
cally, compared to states with lower lagged ra-
tios, states with higher lagged ratios had lower
percentages of adults who were obese; had asth-
ma; reported fourteen or more mentally un-
healthy days or fourteen or more days of activity
limitations in the past thirty days; and had lower
mortality rates for lung cancer, acute myocardial
infarction, and type 2 diabetes. Results were sim-
ilar for the two-year lagged models, although the
association with obesity became nonsignificant
(p = 0.084) (Exhibit 9 in the Appendix).*®

In the secondary analysis, in which we used
total health care spending for the ratio denomi-
nator, results were largely consistent with the
primary analysis. Higher ratios of social to
health spending were associated with signifi-
cantly better outcomes for six of the eight health
measures for both the one-year lagged model
(model 2 in Exhibit 4) and the two-year lagged
models (Exhibit 9 in the Appendix).?

Although we could not enter both social ser-
vices and public health spending and health care
spending in a single model to estimate their in-
dependent effects because of multicolinearity,
we did examine the association of one-year
lagged social services and public health spending
(the numerator of the ratio) and then of the one-
year lagged health services spending (the de-
nominator) in separate models with all eight
health outcomes. Increased social services and
public health spending as a percentage of state
GDP was associated with better outcomes for all
eight health measures, with the association
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EXHIBIT 1

Distribution of health outcomes and spending across the fifty states and the District of Columbia, 2000-09

Mean SD IQR
HEALTH OUTCOMES
Percent of adults who:
Were obese (body mass index >30) 238 37 21.2,26.1
Had asthma 8.1 1.1 73,89
Reported 14+ days of past 30 days as mentally unhealthy days 9.9 1.8 88,108
Reported 14+ days of past 30 days with activity limitations 6.4 1.5 54,70
Morality rate for:
Acute myocardial infarction (per 100,000 population) 539 20.7 384, 665
Lung cancer (per 100,000 population) 55.2 125 488, 64.1
Type 2 diabetes (per 100,000 population) 57 23 40,71
Postneonatal infants (per 100,000 births)® 238.2 65.9 194.4, 279.1
SPENDING MEASURES
Annual social services and public health spending® (% of GDP) 15.23 273 13.56, 16.98
Annual Medicare and Medicare spending (% of GDP) 496 1.49 392,594
Social-to-health spending ratio® 3.09 0.59 2.60, 339
Annual total health care spending (both public and private; % of GDP) 14.10 2.80 12.28, 15.80
Social-to-health-spending ratio 1.06 0.10 098, 1.11

source Authors' analysis of data for 2000-09 from the following sources: (1) Behavioral Risk Factor Surveillance System. (2) Centers
for Disease Control and Prevention. WONDER online databases (Note 22 in text). (3) National Center for Health Statistics. Health Data
Interactive (Note 23 in text). NoTES SD is standard deviation. GDP is gross domestic product. °Postneonatal death rates were
measured in three-year intervals. ®Some social services spending data were missing for 2000, 2001, and 2003. They were
imputed for the statistical analysis. “The social-to-health spending ratio was calculated as follows for each state: (social services
spending plus public health spending)/(Medicare spending plus Medicaid spending). The median for the ratio was 3.02. ‘The
social-to-health-spending ratio was calculated as follows for each state: (social services plus public health spending)/(total health

care spending). The median for the ratio was 1.04.

reaching significance for three of the eight mea-
sures (mentally unhealthy days, days with phys-
ical limitations, and lung cancer mortality;
p < 0.01). In contrast, increased health care
spending as a percentage of GDP was associated
with worse health outcomes for all eight health
measures, and the association reached signifi-
cance for five of the eight measures (obesity
rates, asthma rates, mentally unhealthy days,
days with physical limitations, and lung cancer
mortality; p < 0.05; data not shown).

Discussion
We found that in the period 2000-09, states with
higher ratios of social to health spending had
better health outcomes one and two years later,
compared to states with lower ratios. The effect
of the ratio was significant for seven of the eight
health outcomes we assessed, even after we ad-
justed for region; year; state-level repeated mea-
sures; state-level GDP per capita; total spending
as a percentage of GDP; and sociodemographic,
economic, and health care resources factors. We
could not establish causality with these observa-
tional data. However, the persistent pattern
across a range of health outcomes is notable.
One interpretation of our findings could be
that people who have poorer health require more
medical care spending, which results in a lower
ratio of social to health spending that is associ-

EXHIBIT 2

Annual state-level spending as a percentage of state GDP, 2002 and 2004-09

Spending category Mean (%) SD IQR
Medicaid® 22 08 1.74, 2.66
Medicare® 27 09 212,317
Total health care® (including private
spending and excluding public health) 14.1 28 12.28, 15.80
Public health® 36 08 1.99, 3.03
Total social services® 12.2 24 11.36, 13.93
Education® 53 10 466, 5.96
Income support™® 40 1.5 376,509
Transportation® 09 03 0.78,1.10
Environment® 08 0.2 0.65, 0.90
Public safety” (excluding corrections) 08 02 0.66, 0.85
Housing® 03 0.2 0.18, 0.30

sourck Authors’ analysis of data from the sources in the exhibit footnotes. NoTEs “State” includes
the District of Columbia. Imputed data for 2000, 2001, and 2003 that were used for the statistical
analysis were excluded. GDP is gross domestic product. SD is standard deviation. IQR is interquartile
range. °CMS.gov. Health expenditures by state of residence, 1991-2009 [Internet]. Baltimore (MD):
Centers for Medicare and Medicaid Services; [last modified 2014 Sep 2; cited 2016 Mar 10].
Available from: http://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-
Reports/NationalHealthExpendData/NationalHealthAccountsStateHealthAccountsResidence.html.

"Census Bureau. State and local government finance: historical data [Internet]. Washington (DC):
Census Bureau; [last revised 2015 Oct 2; cited 2016 Mar 10]. Available from: http://www
.census.gov//govs/local/historical_data.html. “Department of Agriculture. Supplemental Nutrition
Assistance Program (SNAP) data system [Internet]. Washington (DC): USDA; [last updated 2013
Jun 18; cited 2016 Mar 10]. Available from: http://www.ers.usda.gov/data-products/supplemental-
nutrition-assistance-program-(snap)-data-system/documentation.aspx. “Department of Health and
Human Services. Administration for Children and Families archives: TANF financial data [Internet].
Washington (DC): HHS; [last updated 2013 Dec 5; cited 2016 Mar 10]. Available from: http://
archive.acf.hhs.gov/programs/ofs/data/index.html. °Social Security Administration. Program
statistics and data files by title [Internet]. Baltimore (MD): SSA; [cited 2016 Mar 10]. Available
from: http://www.ssa.gov/policy/data_title.html.
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EXHIBIT 3

Spending on social services and public health and on health care (Medicare and Medicaid) as percentages of state GDP,
2009
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domestic product.

EXHIBIT 4

Adjusted associations between the ratio of social to health spending with a one-year lag and health outcomes across the
fifty states and the District of Columbia, 2000-09

Model T° Model 2°
Estimated Estimated
Health outcome coefficient p value coefficient p value
PERCENT OF ADULTS WHO:
Were obese (body mass index >30) -033 0.014 -0.16 0.101
Had asthma -0.11 0.041 -0.12 0012
Reported 14+ days in past 30 days as mentally
unhealthy days -043 0.007 -0.24 0.035
Reported 14+ days in past 30 days with activity
limitations -0.37 <0.001 -0.25 0.002
MORTALITY RATE FOR:
Acute myocardial infarction (per 100,000 population) -4.02 0.032 -0.64 0.649
Lung cancer (per 100,000 population) -272 0.001 -235 0.002
Type 2 diabetes (per 100,000 population) -0.45 0.004 -0.51 <0.001
Postneonatal infants® (per 100,000 live births) -4.15 0.325 -6.56 0.037

souRrce Authors' analysis of data from Exhibits 1 and 2. NoTEs Both models adjusted for the log of state-level gross domestic product
(GDP) per capita, time and region fixed effects, total spending as a percentage of GDP (social services, public health, Medicare, and
Medicaid in model 1; social services, public health, and total health spending in model 2), and significant covariates among the following
candidate independent variables: percentage of the population white; percentage of adults ages twenty-five and older with a high
school diploma; percentage of the population living in an urban area; unemployment rate; percentage of children living in single-
parent households; primary care providers per 100,000 population; and hospital beds per 100,000 population, for all models
other than the obesity model. State-level repeated measures modeling was used for mental health, postneonatal mortality, and
acute myocardial infarction mortality because of serial correlation (see Notes 27 and 28 in text). °Effect of one-year lagged
social-to-health spending ratio (denominator: Medicare and Medicaid spending). °Effect of one-year lagged social-to-health
spending ratio (denominator: total health care spending). “Coefficients estimate the change in the health outcome associated
with a one standard deviation change in relevant social-to-health spending ratio, which is about 20 percent of the median value
of the ratio in model 1 and 10 percent of the median value of the ratio in model 2. “Postneonatal death rates were measured in
three-year intervals.
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ated with poorer health outcomes. This may in
part be accurate. However, it does not explain
the observation that the ratio was also associated
with health outcomes one and two years later.
Furthermore, we also found a positive associa-
tion between social services spending and better
health outcomes.

The magnitude of the effects, when extended
across the US population, was substantial. For
instance, a 20 percent change in the median ratio
of social to health spending was associated with a
—0.33-percentage-point change in the percent-
age of adults with obesity in the subsequent year.
With seventy-eight million obese adults nation-
wide in 2009,* the effect of such a change would
be 85,000 fewer adults with obesity. Given the
evidence that adults with obesity incur approxi-
mately $2,700 more in average annual health
care expenses than adults who are not obese,**
this is a sizable effect.

Similarly, higher ratios of social to health
spending were associated with a —0.43-percent-
age-point change in the percentage of adults re-
porting fourteen or more mentally unhealthy
days in the past thirty days. Given that approxi-
mately twenty-three million adults nationwide
had mental health issues in 2009,* the effect
size is equivalent to 989,000 fewer adults with
mental health issues per year.

The importance of nonmedical investments
illustrated in this analysis is consistent with
the findings of research that has highlighted
the social determinants of health,*® the recent
emphasis on “health in all policies,”® and the
positive impacts on health outcomes of interven-
tions that coordinate medical and social ser-
vices.®*** Accountable care organizations and

more recent efforts by the Centers for Medicare
and Medicaid Services to create accountable
health communities reward providers based on
health improvements. These efforts could spur
experimentation with interventions that address
housing, nutrition, transportation, legal, and
other social services that may improve patients’
health outcomes.

To support innovative health policies, re-
search that includes spending and outcomes
for investments in both health care and social
services is critical. This study, consistent with
our previous international work,'®" underscores
the fact that the allocation of state-level spending
on social services and public health and on
health care, not just the total spending, may
be key to understanding population health out-
comes.

Conclusion

We found that the ratio of social to health spend-
ing was significantly associated with a range of
health outcomes at the state level. Our results
suggest that adequate investment in social ser-
vices and public health, not just investment in
health care, may be key to understanding varia-
tions in health outcomes across the states. Al-
though it may be tempting to interpret this find-
ing as a demand for the reallocation of state
monies from health care to social services and
public health, it is important to reiterate that we
have reported statistical associations and could
not infer causality. Nevertheless, our findings
suggest broadening the debate beyond health
care spending to include investments in social
services and public health. m
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Errata

2015-0965 DE RIGNE P. 521 In the
third paragraph of the “Study Data
And Methods” section, a measure of
obesity was incorrect. The measure
should be body mass index greater than
30 kg/m?, not thirty pounds over-
weight. The article has been corrected
online.

2015-0972 BERK ET AL. P. 735 In Ex-
hibit 2, the legend was incorrect. The
three cohorts are ages 18-22, ages 23—
26, and ages 27-30. The exhibithas been
corrected in the article online.
BRADLEY ET AL. 2015-0814 P. 766 The
label for California in Exhibit 3 was in-
advertently omitted. The exhibit has
been corrected online.

2015-1103 ZHOU ET AL. P. 829 The
y axis label in Exhibit 4 was erroneously
labeled as “Millions spent on opioid
pain relievers,” with dollar signs by each
label. The correct label is “Total MMEs
prescribed,” with no dollar signs. The
exhibit has been corrected online.
2015-1379 NEWMAN P. 925 Thelegend

1340 HEALTH AFFAIRS

in Exhibit 4 contained a typographical
error. The final set of bars should have
been labeled 1.8 < price ratio, not 0.8 <
price ratio. The article has been cor-
rected online.

2015-1653 BARRY ET AL. P. 1009 In
the opening paragraph, Rep. Patrick
Kennedy’s state was incorrect. He is a
Democrat from Rhode Island, not Mas-
sachusetts. The article has been cor-
rected online.

2016-0017 SWANSON ET AL. PP. 1070,
1071, 1072 First, a formatting error
and omitted data in Exhibit 2 resulted
in an interpretation error in the text. A
new row, “Baker Act without criminal
disqualification,” with the numbers
21,343 and 26.12, should be added be-
low the row beginning “Involuntary ex-
amination,” not in boldface. A note “b”
should be added to the two boldface
rows; the note states: “Includes criminal
disqualification.” In the text, paragraph
with the subheading beginning “Preva-
lence And Patterns,” the figure 34 per-
cent should be 26 percent.
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Second, a labeling error occurred in
Exhibit 3. In the bar labeled “Gun sui-
cide (N = 50),” the light green segment
should be 54%, and the dark green seg-
ment should be 18%. A related error in
the text, in the second paragraph below
the subheading beginning “Disqualifi-
cation From,” the figure “one-third”
should be “three-quarters,” and the fig-
ure 18 percent should be 54 percent.

Finally, in Exhibit 4, the second pair of
bars should be labeled “Not gun-prohib-
ited (all)” instead of “No involuntary
intervention.”

The authors regret these errors, which
do not affect the article’s conclusions.
The article has been corrected online.
2016-0442 DATAGRAPHIC P. 957 The
errors in Swanson et al. as described
above resulted in the need to correct a
portion of the graphiclabeled “Guns and
mental health in Florida.” As in the ar-
ticle’s version of Exhibit 2 labeled “Gun
suicide (N = 50),” the light green seg-
ment should be 54%, and the dark green
segment should be 18%. The Data-
Graphic has been corrected online.



From Appendices

Exhibits: U.S. maps of health outcomes and social-to-health spending ratio quintiles, 2009

Percent of adults who reported 14 or more days in

. . a
Percent of adult population that is obese the last 30 days as mentally unhealthy days®

’

Lung cancer mortality rate per 100,000
population®

Sources: Authors’ analysis of data from Exhibits 1 and 2

Notes:

For the first three Exhibits, dark gray indicates highest quintile (i.e., poorest health
outcomes) and white indicates lowest quintile (i.e., best health outcomes).

®For the last Exhibit, dark gray indicates lowest social-to-health spending ratio; white

indicates highest social-to-health ratio (calculated with Medicare plus Medicaid as the
denominator).
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