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Objective: A one third reduction of premature deaths from non-communicable diseases

by 2030 is a target of the United Nations Sustainable Development Goal for Health. Unlike

in other developed nations, premature mortality in the United States (US) is increasing.

The state of Oklahoma suffers some of the greatest rates in the US of both all-cause

mortality and overdose deaths. Medicaid opioids are associated with overdose death

at the patient level, but the impact of this exposure on population all-cause mortality is

unknown. The objective of this study was to look for an association between Medicaid

spending, as proxy measure for Medicaid opioid exposure, and all-cause mortality rates

in the 45–54-year-old American Indian/Alaska Native (AI/AN45-54) and non-Hispanic

white (NHW45-54) populations.

Methods: All-cause mortality rates were collected from the US Centers for Disease

Control & Prevention Wonder Detailed Mortality database. Annual per capita (APC)

Medicaid spending, and APCMedicare opioid claims, smoking, obesity, and poverty data

were also collected from existing databases. County-level multiple linear regression (MLR)

analyses were performed. American Indian mortality misclassification at death is known

to be common, and sparse populations are present in certain counties; therefore, the

two populations were examined as a combined population (AI/NHW45-54), with results

being compared to NHW45-54 alone.

Results: State-level simple linear regressions of AI/NHW45-54 mortality and APC

Medicaid spending show strong, linear correlations: females, coefficient 0.168, (R2

0.956; P < 0.0001; CI95 0.15, 0.19); and males, coefficient 0.139 (R2 0.746; P <

0.0001; CI95 0.10, 0.18). County-level regression models reveal that AI/NHW45-54

mortality is strongly associated with APC Medicaid spending, adjusting for Medicare

opioid claims, smoking, obesity, and poverty. In females: [R2 0.545; (F)P < 0.0001;

Medicaid spending coefficient 0.137; P< 0.004; 95%CI 0.05, 0.23]. In males: [R2 0.719;

(F)P < 0.0001; Medicaid spending coefficient 0.330; P < 0.001; 95% CI 0.21, 0.45].
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Brandenburg Medicaid Spending and All-Cause Mortality

Conclusions: In Oklahoma, per capita Medicaid spending is a very strong risk factor

for all-cause mortality in the combined AI/NHW45-54 population, after controlling for

Medicare opioid claims, smoking, obesity, and poverty.

Keywords: American Indians, Native Americans, non-Hispanic whites, all-cause mortality, Oklahoma Medicaid

spending, prescription opioids

INTRODUCTION

A one third reduction of premature deaths from non-
communicable diseases through prevention and treatment in
each country by 2030 is a target set forth as part of the United
Nations Sustainable Development Goal for Health (1). Unlike in
other developed nations, United States (US) premature mortality
has been increasing over the last 10 years (2). The most striking
reversals in US mortality rates have occurred in middle-aged
American Indians (AI/AN) and non-Hispanic whites (NHW)
(3, 4). It is imperative that the etiology of this rising premature
mortality is identified, in order to reverse this trend.

The midwestern state of Oklahoma (Figure 1) is suffering one
of the greatest increases in US all-cause mortality (5). Originally
designated Indian Territory in the nineteenth century for the
relocation of American Indian tribes forced by the government
from their aboriginal lands land, Oklahoma has 77 counties
(Figure 2) and a census-reported American Indian/AlaskaNative
population of ∼367,000, representing ∼9.3% of Oklahomans
(3,943,079) (6).

American Indian/Alaska Native Mortality
American Indians have been suffering increasing rates of opioid
overdosemortality (7), with routine data showing this population
to also have the highest unintentional injury, accidental
poisoning, and liver disease death rates in the US (8). Due to
misclassification of race on death certificates, AI/AN all-cause
mortality is believed to be under-estimated by approximately
40%; with most of these misclassifications being as NHW (9).
In Washington state the AI/AN population, after correcting
for misclassification, had 2.7 times greater incidence of opioid-
related overdose deaths compared to whites (10). In Oklahoma,
AI/AN and NHW misclassification at the time of death is also
well documented, and leads to significant underestimations of
AI/AN mortality rates (11). In Oklahoma, temporal patterns
of midlife American Indian mortality and Medicaid opioid
sales are similar, owing to either common causes of death,
misclassification at the time of death, or both (12).

The US Opioid Epidemic
The United States has been suffering through the historic
Opioid Epidemic over the last two decades (13, 14), when
healthcare spending has increased substantially (15). The 45-
54-year-old age group has been hit hardest by the Opioid
Epidemic, and continues to suffer the highest drug- and alcohol-
related mortality rates (16). Diversion of prescribed opioids
into the broader population is very common (17); hence, it is

necessary to study the community impact brought on by these
opioid sources.

Oklahoma is consistently among the top 10 states for
per capita sales of prescription opioids, and substance
abuse-related death (18). From 1994 through 2006, there
was a fourfold increase in prescription opioids sales
in Oklahoma, when deaths associated with oxycodone,
methadone, and hydrocodone increased 12-fold, eightfold,
and sevenfold, respectively (19). In Oklahoma, female and
male 45-54-year-old populations had the highest rates of
unintentional overdose death: 28.8 and 27.7 deaths per 100,000,
respectively (20). Wide disparity in opioid prescribing exists
across Oklahoma counties (21). The Oklahoma Healthcare
Authority conducted its own internal investigation, and
identified an association between high-volume opioid
pharmacy sales and geographical variation in opioid overdose
deaths (22).

Researchers have hypothesized that exposure to Medicaid-
funded healthcare is a risk factor for increasing mortality
in the 45-54 population due to the over-prescribing of
opioids (23, 24). As poverty, smoking, and obesity are well-
recognized risk factors for all-cause mortality (25–29), these
other known exposures must be included in multivariable
regression models when conducting ecological studies that
examine Medicaid spending as the primary risk factor for all-
cause mortality.

OBJECTIVE

The goal of this study was to determine if Medicaid opioid
exposure is associated with all-cause mortality at the population
level, with the assumption that Medicaid spending is a proxy
for population exposure to prescription opioids. The specific
objectives of this study are to examine county-level associations
between annual per capita (APC) Medicaid spending and
all-cause mortality (females and males) in the 45-54-year-
old American Indian/Alaska Natives (AI/AN45-54) and non-
Hispanic white (NHW45-54) populations; adjusting for APC
Medicare opioid claims, and the prevalence of smoking, obesity,
and poverty.

METHODS

Mortality Data
All-cause mortality data from the CDC Wonder Detailed
Mortality database were restricted to male or female AI/AN45-54
andNHW45-54 groups (30); with the International Classification
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FIGURE 1 | Map showing Oklahoma’s geographical location in the USA.

FIGURE 2 | Oklahoma county map.

of Diseases (ICD-10) codes published by the World Health
Organization utilized for cause-specific mortality classifications.
Misclassification between AI/AN and NHW populations and
sparse AI/AN data at the county-level were managed by
combining the data of these two populations: AI/AN45-54 and
NHW45-54 (AI/NHW45-54).

Annual data for each county were aggregated across a span of
17 years (1999–2016). The aggregated female AI/NHW 45-54 all-
cause mortality data from one rural county (e.g., Cimarron) was
suppressed by the CDC due to sparse data; and mortality data
from four additional rural counties (e.g., Grant, Harmon, Harper,
and Roger Mills) were sparse enough to be deemed unreliable.

Frontiers in Public Health | www.frontiersin.org 3 April 2020 | Volume 8 | Article 139

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Brandenburg Medicaid Spending and All-Cause Mortality

FIGURE 3 | Oklahoma county-level female dataset selection process and

rationale.

Female all-cause mortality data from these five counties were
excluded from data analyses (Figure 3). The aggregated male
AI/NHW45-54 all-cause mortality data from two rural counties
(e.g., Cimarron and Harmon), were unreliable; data from these
two counties were excluded from analyses (Figure 4).

Medicaid Data
The annual (2000–16) Oklahoma Healthcare Authority reports
with state and county enrollee and spending data are published
online. Data on county-level, annual per capita Medicaid
spending were aggregated as means, and used as the primary
exposure variable in the MLR analyses. Four additional sets
of county data (e.g., Craig, Garfield, Garvin, and Okfuskee)
were excluded from analyses because the Oklahoma Healthcare
Authority identified them as biased, due to existing inpatient
facilities to which disproportionate per capita shares of Medicaid
funding are allotted.

Co-variate Data
The co-variates chosen for MLR analyses each have a priori
evidence for association with Medicaid, independent risk for
mortality, while not being on the conceptual pathway of risk
between Medicaid and mortality (Figure 5). These associations

FIGURE 4 | Oklahoma county-level male dataset selection process and

rationale.

were confirmed with the data collected in this study, and are
included in Supplementary Tables 3,4.

Medicare Part D opioid claims data per Oklahoma county
were made available online, by Centers for Medicare & Medicaid
Services, for 2013 (31) and 2014 (32). For each county,
the mean annual claims per capita was derived from these
data. Co-variate data on smoking, obesity, and poverty were
independently obtained through population surveys. Survey data
on smoking and obesity were obtained from University of
Wisconsin/Robert Wood Johnson Foundation County Health
Rankings and Roadmaps database (33). Smoking was defined
as currently smoking (2016–2018) (34), and obesity was defined
as body mass index >30 (2010–2018) (35). The US Census
Bureau county-level data on poverty are available online
for 2005–2015 (36). The mean annual proportion of county
populations for each co-variate was calculated for each county
from these datasets (Supplementary Table 3d). Histograms
allowed for the visualization of relatively normal distributions
(Supplementary Figures 1–4).

Statistical analyses were performed using Stata 15.1 software.
At the state-level, simple linear regression analyses were
performed on AI/AN45-54, NHW45-54, AI/NHW45-54
mortality, each against APC Medicaid spending. At the county-
level, simple linear regression models were constructed to
assess crude associations between AI/NHW 45–54 mortality
(by gender) and mean APC Medicaid spending. Additional
explanatory co-variates were added to MLR models, to adjust
for confounding.
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FIGURE 5 | A priori confounders & effect modifiers in the paradigm of

Medicaid exposure (as proxy for prescription opioids) and all-cause mortality.

Data Handling
All data were anonymized by the database owners prior to the
commencement of this project. Mortality data were not used
in the final models if suppressed by CDC, due to sparseness.
Annual county mortality data with fewer than ten deaths (0–9)
were suppressed.

Tested Assumptions of Linear Regression
All variables were plotted on histograms (assumption of
normality). The crude relationships between mortality and
Medicaid were examined by scatterplot (assumption of linearity).
Quadratic and cubic functions of each predictor variable were
also added to the final models in search of non-linearity.
Scatterplots and Breusch–Pagan tests were carried out to assess

residual mortality distributions across the fitted line and levels
of the exposure variable (assumption of homoscedasticity).
Variance inflation factors were calculated in the multiple
regression models to assess for multicollinearity.

RESULTS

Statewide
Strong associations at the state-level were found between
Medicaid spending and AI/NHW45-54 population all-cause
mortality, in males and females. Simple linear regressions of
AI/NHW45-54 mortality and APC Medicaid spending show
strong correlations: in females, coefficient 0.168, (R2 0.956; P
< 0.0001; CI95 0.15, 0.19); and in males, coefficient 0.139 (R2

0.746; P < 0.0001; CI95 0.10, 0.18) Supplementary Tables 2a–c,
Figures 6–9).

County-Level
County-level regression models reveal that AI/NHW45-54
mortality is strongly associated with mean APC Medicaid
spending, after adjusting for Medicare opioid claims,
smoking, obesity, and poverty. In females: [R2 0.545;
(F)P < 0.0001; Medicaid spending coefficient 0.137; P <

0.004; 95% CI 0.05, 0.23]. In males: [R2 0.719; (F)P <

0.0001; Medicaid spending coefficient 0.330; P < 0.001;
95% CI 0.21, 0.45]. For every $100 in per capita spending
by Medicaid, there were an additional 14 female and
33 male AI/NHW45-54 deaths per 100,000. The second
strongest risk factor for association with population all-cause
mortality in males and females was Medicare opioid claims
(Tables 1,2).

Multiple Linear Regression Assumptions
Linearity

Scatterplots of female and male AI/NHW45-54 mortality and
mean Medicaid spending (2000-2016) both demonstrated linear
relationships, and were very similar to those of NHW45-54
(Figures 10–11).

Multivariate Normality

Mortality, Medicaid spending, exposure variables, and co-
variate data sets all had approximately normal distributions
(Supplementary Figures 1–4, Supplementary Table 3a-d).
Primary exposure and outcome variables were examined
for non-variability of predictor- and fitted-versus residual
distributions by scatterplots, and all distributions were all found
to be randomly distributed (Supplementary Figures 5a,b).

Multicollinearity and Heteroscedasticity

In all MLR models, including the final, adjusted model with all
co-variates, correlations between mean APC Medicaid spending
and mortality were very strong (P < 0.0001; Medicaid Wald
P < 0.001) (Tables 1, 2). Comparisons of the AI/NHW45-54
MLR analyses results with those obtained using the NHW45-54
datasets found the model outputs to be very similar.

In the female dataset, the presence of multicollinearity
and heteroskedasticity both appear in the MLR model that
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FIGURE 6 | State-level Oklahoma Medicaid spending linear regression plot (crude association) with female AI45-54 all-cause mortality.

FIGURE 7 | State-level Oklahoma Medicaid spending linear regression plot (crude association) with female NHW45-54 all-cause mortality.

includes all co-variates: mean APC Medicare opioid claims,
smoking, obesity, and poverty; whereas neither is present in
the models with either poverty or smoking separately. The
strongest MLR model demonstrating the association between
AI/NHW45-54 population all-cause mortality and mean APC
Medicaid spending included the co-variates of mean APC
Medicare opioid claims and poverty: [R2 0.529; (F)P <

0.0001; Medicaid spending coefficient 0.167; P < 0.001; 95%
confidence interval (CI95) 0.09, 0.25]. Medicaid spending
and Medicare opioid claims were consistently associated with

mortality; while poverty was not associated with mortality in
the models.

In the male dataset, multicollinearity was seen in the MLR
model that includes all co-variates: mean APC Medicare opioid
claims, smoking, obesity, and poverty; but was not seen in the
models with either poverty or smoking separately. The strongest
MLRmodel demonstrating the association between AI/NHW45-
54 all-cause mortality and mean APC Medicaid spending
included the following co-variates of mean APCMedicare opioid
claims and poverty: [R2 0.712; (F)P < 0.0001; Medicaid spending
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FIGURE 8 | State-level Oklahoma Medicaid spending linear regression plot (crude association) with male AI45-54 all-cause mortality.

FIGURE 9 | State-level Oklahoma Medicaid spending linear regression plot (crude association) with male NHW45-54 all-cause mortality.

coefficient 0.365; P < 0.001; CI95 0.26, 0.47, respectively. Only
Medicaid spending was associated with mortality in the models.

Confounder Assumptions
All predictor variables showed statistically significant, positive
correlations with AI/NHW45-54 population all-cause mortality
(deaths per 100,000). The strongest correlations with mortality
were those seen with mean Medicaid spending, in which the
Pearson R correlation coefficients for females and males were
0.696 and 0.833, respectively (Supplementary Table 4a–b). All

confounding variables showed statistically significant, positive
correlations with mean Medicaid Spending.

Post-Estimation Analyses
Using quadratic functions of each predictor variable in the final
model, Medicaid spending, Medicare opioid claims, and poverty,
only the male AI/NHW45-54 regression model showed evidence
of non-linearity; while the Medicaid spending p < 0.001, the
quadratic functions of Medicare opioid claims had a P = 0.034,
and of poverty had a P = 0.005. With these additional variables
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TABLE 1a | Multiple linear regression analyses results AI/NHW 45-54 FEMALE all-cause mortality and mean APC Medicaid spending.

68 counties Unadjusted Model 1 Model 2 Model 3 Model 4 Model 5

R2 0.484 0.527 0.539 0.540 0.529 0.545

Adjusted R2 0.476 0.513 0.517 0.519 0.507 0.509

F (df) 61.92 (1, 66) 36.32 (2, 65) 24.90 (3, 64) 25.07 (3, 64) 24.00 (3, 64) 14.88 (3, 62)

P (F) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Medicaid β 0.214 0.180 0.144 0.157 0.167 0.137

Medicaid Wald P <0.001 <0.001 0.001 <0.001 <0.001 0.004

CI95 0.160

0.269

0.120

0.239

0.060

0.227

0.088

0.226

0.086

0.248

0.046

0.227

VIF* 1.0 1.29

1.29

2.55

2.34

1.29

1.75

1.38

1.32

2.34

2.08

1.29

4.19

3.34

2.94

1.61

1.34

Breusch-Pagan chi2 P** 0.15

0.70

0.59

0.442

0.00

0.9536

0.15

0.6970

0.42

0.516

0.000

0.954

Medicare Opioid Claims Wald P 0.017 0.020 0.010 0.018 0.015

Smoking Wald P 0.226 0.479

Obesity Wald P 0.192 0.360

Poverty Wald P 0.634 0.932

*Variance Inflation Factors (checking for multicollinearity).
**Breusch-Pagan/Cook-Weisberg Tests (checking for linear heteroskedasticity) (37).

Model 1–adjusted for Medicare opioid claims.

Model 2–adjusted for Medicare opioid claims & smoking.

Model 3–adjusted for Medicare opioid claims & obesity.

Model 4–adjusted for Medicare opioid claims & poverty.

Model 5–adjusted for Medicare opioid claims, smoking, obesity & poverty.

included in the male dataset, a strengthening of the model was
seen: [R2 0.752; (F)P < 0.0001; Medicaid spending coefficient
0.351; P < 0.001; CI 0.25, 0.45], as compared to the model
without the quadratic functions of Medicare opioid claims and
poverty [R2 0.712; (F)P < 0.0001; Medicaid spending coefficient
0.365; P < 0.001; CI95 0.26, 0.47].

Mixed effect regression of NHW45-54 mortality and mean
APC Medicaid spending, adjusted for all co-variates together,
were very consistent with the corresponding MLR models:
female mortality dataset Medicaid spending coefficient 0.137
(P < 0.0001; CI95 0.07 0.23); male mortality dataset Medicaid
spending coefficient 0.330 (P < 0.0001; CI95 0.22, 0.44).

DISCUSSION

Medicaid spending is the strongest predictor for AI/NHW45-
54 population all-cause mortality in Oklahoma. Medicare
opioid claims is the next strongest predictor. In the female
population, none of the covariates smoking, obesity, and
poverty, are significant risk factors when adjusted for
Medicaid spending and Medicare opioid claims. In the
male population, only Medicaid spending, Medicare opioid
claims, and poverty are risk factors in the models, with
Medicaid spending the strongest exposure variable associated
with mortality.

Consistency was found between APC Medicaid spending
and APC Medicare opioid claims in association with mortality.

Medicaid spending is targeted to a different population
of patients (i.e., low income persons) than Medicare (i.e.,
>65 years, or disabled). That both healthcare exposure
variables are strongly associated with AI/NHW45-54 mortality,
brings into great focus the common exposure of physician-
prescribed opioids.

These findings are important, as this is the first study to
look for an association between the exposure of prescription
opioids and all-cause midlife mortality—and more specific,
being adjusted for poverty, smoking, and obesity. And indeed,
a very strong, positive association between Medicaid and all-
cause midlife mortality was found. The association between
Medicaid and mortality is stronger than the association of any
other of the well-recognized risk factors: poverty, smoking,
and obesity. The mere idea that a healthcare system presents
a risk factor for population mortality is novel. Whether this
association between Medicaid spending and premature midlife
mortality will be found in other states is not predictable;
similar studies looking at Medicaid as a population mortality
risk factor must now be conducted before this can be
ruled out.

Prescription Opioids and Population
All-Cause Mortality
While opioids are associated with overdose death, they are also
associated with a variety of medical conditions that can have fatal
outcomes. Prescription opioid use was recently found to be a
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TABLE 1b | Multiple linear regression analyses results AI/NHW 45-54 MALE all-cause mortality and mean APC Medicaid spending.

71 counties Unadjusted Model 1 Model 2 Model 3 Model 4 Model 5

R2 0.694 0.703 0.714 0.709 0.712 0.719

Adjusted R2 0.689 0.694 0.701 0.696 0.699 0.698

F (df) 156.29 (1, 69) 80.21 (2, 68) 55.77 (3, 67) 54.29 (3, 67) 55.26 (3, 67) 33.32 (5, 65)

P (F) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Medicaid β 0.448 0.419 0.354 0.390 0.365 0.330

Medicaid Wald P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

CI95 0.376

0.519

0.338

0.501

0.242

0.467

0.295

0.485

0.257

0.473

0.208

0.451

VIF* 1.000 1.33

1.33

2.57

2.37

1.34

1.80

1.37

1.36

2.36

2.10

1.33

4.30

3.47

2.98

1.58

1.40

Breusch-Pagan chi2 P** 1.68

0.195

1.50

0.221

0.89

0.347

0.90

0.343

0.67

0.412

0.28

0.597

Medicare Opioid Claims Wald P 0.166 0.210 0.117 0.188 0.161

Smoking Wald P 0.102 0.594

Obesity Wald P 0.237 0.373

Poverty Wald P 0.135 0.414

*Variance Inflation Factors (checking for multicollinearity).
**Breusch-Pagan/Cook-Weisberg Tests (checking for linear heteroskedasticity) (37).

Model 1–adjusted for Medicare opioid claims.

Model 2–adjusted for Medicare opioid claims & smoking.

Model 3–adjusted for Medicare opioid claims & obesity.

Model 4–adjusted for Medicare opioid claims & poverty.

Model 5–adjusted for Medicare opioid claims, smoking, obesity & poverty.

risk factor for all-cause morbidity and mortality in hospitalized
patients (38). Various medical co-morbidities are known to be
associated with opioid abuse and addiction: infections (e.g.,
endocarditis, osteomyelitis, septic arthritis, or epidural abscess)
(39), immune compromise (40), and sleep-disordered breathing
(41). Preoperative prescription opioid abuse and dependence is
associated with in-hospital, all-cause mortality after orthopedic
surgery (42).

At the population level, one recent study found that
an expanded pharmaceutical industry was associated with
increasing female all-cause mortality rates (43). Recent time
series studies of six states in the US Deep South found that
prescription opioid sales correlate strongly with medical-cause
mortality (44), and even stronger with female cardiovascular
mortality (45). In both of the aforementioned two studies,
medical mortality rates lagged behind prescription opioid sales
by approximately one year—temporality being a necessary
component to a causal model for future investigations.
Importantly, the mortality data in these studies excluded
overdoses, suicides, homicides, and traumatic cause of death.
Etiologies for these increasingmedical death rates are not known.
Nonetheless, when looking at the impact of the Opioid Epidemic
at the population level, an examination of all-causemorbidity and
mortality is necessary, rather than simply examining overdose
death data.

Medicaid Opioids
Created in 1965, Medicaid is a state and federal health insurance
program for low income citizens. Public health experts at the
Washington State Department of Health and US Centers for
Disease Control & Prevention (CDC) have expressed concern
about the high prevalence of opioid-prescribing to Medicaid
patients (46).

In a study of 1,772,632 opioid prescriptions for Medicaid
patients, one quarter of patients had at least one indicator
of potential misuse (47). In Tennessee, the risk of all-cause
mortality in Medicaid patients prescribed long-acting opioids
was 1.6 times greater than the cohort prescribed other prescribed
anticonvulsants or cyclic antidepressants (48). In 2015, an
estimated 30% of Americans with opioid addiction received
healthcare from Medicaid programs (49). The state of West
Virginia Department of Health and Human Resources reported
that 71% overdose fatalities had Medicaid exposure in the
12 months prior to their death (50). In Washington state,
the risk of opioid-overdose related death for a Medicaid
enrollee was 5.7 times the risk for a person not enrolled
in Medicaid (51). In a national case-control study using the
Medicaid Analytic eXtract database of 37.5 million patients,
a strong association was found between Medicaid spending
and prevalence of opioid abuse and dependence in Medicaid
patients (52).
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TABLE 2a | Multiple linear regression analyses results NHW 45-54 FEMALE all-cause mortality and mean APC Medicaid spending.

66 counties Unadjusted Model 1 Model 2 Model 3 Model 4 Model 5

R2 0.502 0.558 0.558 0.558 0.560 0.563

Adjusted R2 0.494 0.544 0.537 0.519 0.539 0.527

F (df) 64.56 (1, 64) 39.72 (2, 63) 26.06 (3, 62) 26.12 (3, 62) 26.31 (3, 62) 15.46 (5, 60)

P (F) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Medicaid β 0.234 0.194 0.194 0.189 0.178 0.177

Medicaid Wald P <0.001 <0.001 0.001 <0.001 <0.001 <0.001

CI95 0.176,

0.292

0.132,

0.256

0.107,

0.280

0.114,

0.263

0.094,

0.262

0.081,

0.273

VIF* 1.0 1.26,

1.26

2.42,

1.26,

2.24

1.79,

1.28,

1.45

2.29,

1.26,

2.07

4.22,

3.46,

2.91,

1.76

1.30

Breusch-Pagan chi2, P** 3.99

0.046

2.83

0.093

2.85

0.091

2.96

0.085

3.59

0.058

3.52

0.061

Medicare Opioid Claims Wald P 0.007 0.007 0.007 0.007 0.007

Smoking Wald P 0.979 0.576

Obesity Wald P 0.779 0.629

Poverty Wald P 0.563 0.428

*Variance Inflation Factors (checking for multicollinearity).

**Breusch-Pagan/Cook-Weisberg Tests (checking for linear heteroskedasticity) (37).

Model 1–adjusted for Medicare opioid claims.

Model 2–adjusted for Medicare opioid claims & smoking.

Model 3–adjusted for Medicare opioid claims & obesity.

Model 4–adjusted for Medicare opioid claims & poverty.

Model 5–adjusted for Medicare opioid claims, smoking, obesity & poverty.

Confounding
Smoking, obesity, and poverty each confound the association
between Medicaid spending and AI/NHW45-54 mortality, with
poverty having the strongest attenuating effect. Poverty in
Oklahoma has been slowly rising. The US Census Bureau shows
the Oklahoma poverty rate to have been 14.7% in 1999, 16.2%
in 2010, and 16.5 in 2016 (53). The question is whether poverty
is more an upstream determinant of Medicaid opioids on the
pathway toward Oklahoma mortality, than a risk factor itself
for mortality. Could another yet un-discovered, un-measured,
downstream variable be confounding the Medicaid-Mortality
association? Possibly, but until such a risk factor is discovered
Medicaid prescription opioids should garner the attention of
US epidemiologists, public health entities, economists, and
sociologists, as being the most important risk factor for rising US
midlife mortality.

Assumptions With Data Collected
An assumption was made that the aggregated, annual
data points for Oklahoma counties were representative
of the 2000–16 timeframe. Strong, crude associations
between mortality were found, giving credibility to this
assumption. Additional assumptions for the final MLR
models include validity of the county-level measurements
of prevalence from surveys of smoking and obesity, as
these data points are estimates of the true population
prevalence of each. Assumptions unable to be tested,

are that within counties constant and regression
coefficient/slope coefficients are homogenous; and that
random errors within data sets are uncorrelated with
each other.

Limitations
This is an ecological study, and as such causal conclusions
or assumptions about individual or community-level AI/NHW
45-54 mortality risk factors are not valid. Medicaid spending
could be a proxy measure for overall prescription opioid
spending, as pharmaceutical market forces extend beyond
Medicaid prescribers. Data from the Veterans Administration,
Indian Health Service, and Medicare or private insurance
were not available to the extent that they could be applied
to regression models. These conclusions are not generalizable
across the US; the effect of Medicaid exposure on all-cause
AI/NHW45-54 mortality might be very different in other
states. Nonetheless, the US remains in the throes of both
the Opioid Epidemic that has claimed the lives of many
hundreds of thousands of Americans and a simultaneous
decrease in life expectancy—the primary risk factors for both
crises should be sought out with due diligence in every
state, so the trend of rising premature mortality can be
reversed. If Medicaid opioid prescribing is the common risk
factor for both crises, then it is especially critical to examine
and correct.
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TABLE 2b | Multiple linear regression analyses results NHW 45-54 MALE all-cause mortality and mean APC Medicaid spending.

71 counties Unadjusted Model 1 Model 2 Model 3 Model 4 Model 5

R2 0.707 0.737 0.741 0.739 0.751 0.754

Adjusted R2 0.702 0.730 0.730 0.728 0.740 0.735

F (df) 166.16 (1, 69) 95.39 (2, 68) 63.80 (3, 67) 63.28 (3, 67) 67.45 (3, 67) 39.87 (5, 65)

P (F) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Medicaid β 0.430 0.379 0.345 0.364 0.317 0.310

Medicaid Wald P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

CI95 0.363

0.496

0.306

0.452

0.243

0.447

0.278

0.449

0.222

0.413

0.202

0.419

VIF* 1.000 1.33

1.33

2.57

2.37

1.34

1.80

1.37

1.36

2.36

2.10

1.33

4.30

3.47

2.98

1.58

1.40

Breusch-Pagan chi2 P** 0.97

0.3240

2.57

0.109

2.07

0.150

1.94

0.163

1.05

0.305

0.57

0.4505

Medicare Opioid Claims Wald P 0.006 0.008 0.005 0.007 0.006

Smoking Wald P 0.347 0.590

Obesity Wald P 0.486 0.412

Poverty Wald P 0.056 0.072

*Variance Inflation Factors (checking for multicollinearity).
**Breusch-Pagan/Cook-Weisberg Tests (checking for linear heteroskedasticity) (37).

Model 1–adjusted for Medicare opioid claims.

Model 2–adjusted for Medicare opioid claims & smoking.

Model 3–adjusted for Medicare opioid claims & obesity.

Model 4–adjusted for Medicare opioid claims & poverty.

Model 5–adjusted for Medicare opioid claims, smoking, obesity & poverty.

FIGURE 10 | County-level Oklahoma Medicaid spending linear regression plot (crude association) with female AI/NHW45-54.

Future Directions
Detailed study of Medicaid data at the individual level would
provide valuable insight into increasing AI/AN45-54 mortality.
Specifically, data on opioid prescribing rates, medical examiner
reports, and geographical locations of the deceased would

allow for case-control and cohort studies that could better
characterize the effects on AI/AN45-54 mortality. Prescribing
data from the Oklahoma Health Care Authority, Indian
Health Service, Oklahoma Bureau of Narcotics and Dangerous
Drugs, and Medical Examiner’s Office, would allow closer
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FIGURE 11 | County-level Oklahoma Medicaid spending linear regression plot (crude association) with male AI/NHW45-54.

examination of physicians associated with geographic hotspots
of overprescribing and mortality. Medicaid resource utilization,
and opioid prescribing, should be scrutinized in every state
to determine if associations exist between Medicaid spending
and mortality.

The Opioid Epidemic: a Global Threat?
While the Opioid Epidemic has not yet gone global, increases in
opioid prescribing outside the US have been reported in Canada
(54), Serbia (55), the United Kingdom (56), Germany (57), and
in several other European countries (58). Future studies will need
to be conducted as global trends are monitored, and the impact
of prescription opioids on population morbidity and mortality
measured. In order to achieve a reduction of premature deaths,
as set forth in the United Nations Sustainable Development Goal
for Health, preventing excessive opioid prescribing by healthcare
systems will be important, but critical if this exposure is linked to
all-cause mortality increases.

CONCLUSION

In Oklahoma, per capita Medicaid spending is a
very strong risk factor for all-cause mortality in the
combined populations of American Indian/Alaska
Natives (AI/AN) and non-Hispanic whites (45–54-
years-old), both males and females, after controlling
for Medicare opioid claims, smoking, obesity,
and poverty.

DATA AVAILABILITY STATEMENT

The datasets generated for this study will not be made publicly
available They are readily available online, and the links are
provided in the paper.

AUTHOR CONTRIBUTIONS

The author conceived of this research, performed the
background work, collected the data, performed all
statistical analyses, and wrote the paper. This research
was originally conducted as an EPM500 Project Report, as
required during the author’s Epidemiology Master’s degree
studies at the London School of Hygiene and Tropical
Medicine (UK).

ACKNOWLEDGMENTS

The author would like to thank and acknowledge Dr. Elizabeth B.
Brickley for her mentorship, guidance, and thoughtful comments
during the foundational research that developed into this study.
Dr. Elizabeth B. Brickley is an Assistant Professor of Infectious
Disease Epidemiology in the Faculty of Epidemiology and
Population Health at the London School of Hygiene and Tropical
Medicine (UK).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpubh.
2020.00139/full#supplementary-material

Supplementary Figure 1a | Histogram—Mean Annual County Medicare

Opioids–Female Dataset.

Supplementary Figure 1b | Histogram—Mean Annual County Medicare

Opioids–Male Dataset.

Supplementary Figure 2a | Histogram—County Population Obesity–Female

Dataset.

Supplementary Figure 2b | Histogram—County Population Obesity–Male

Dataset.

Supplementary Figure 3a | County Smoking–Female Dataset.

Frontiers in Public Health | www.frontiersin.org 12 April 2020 | Volume 8 | Article 139

https://www.frontiersin.org/articles/10.3389/fpubh.2020.00139/full#supplementary-material
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Brandenburg Medicaid Spending and All-Cause Mortality

Supplementary Figure 3b | County Smoking–Male Dataset.

Supplementary Figure 4a | Histogram—County Population in Poverty–Female

Dataset.

Supplementary Figure 4b | Histogram—County Population in Poverty–Male

Dataset.

Supplementary Figure 5a | Residuals vs. Fitted MAPC Medicaid vs.

NHW45-54–Female Dataset.

Supplementary Figure 5b | Residuals vs. Fitted MAPC Medicaid vs.

NHW45-54–Male Dataset.

Supplementary Table 1 | Online, publicly accessible databases used in

this study.

Supplementary Table 2a | Simple linear regressions between annual Oklahoma

AI-NHW45-54 all-cause mortality and Medicaid spending per capita statewide

(1999-16).

Supplementary Table 2b | Simple linear regressions between annual Oklahoma

AI45-54 all-cause mortality and Medicaid spending per capita statewide

(1999-16).

Supplementary Table 2c | Simple linear regressions between annual Oklahoma

NHW45-54 all-cause mortality and Medicaid spending per capita statewide

(1999-16).

Supplementary Table 3 | County-Level Variable Summaries.

Supplementary Table 3a | Primary Outcome: NHW-45-54 All-Cause Mortality∗

(2000-16). ∗Deaths per 100 000 persons .

Supplementary Table 3b | Primary Exposure: MAPC Medicaid Spending∗

(2000-16). ∗U.S. Dollars.

Supplementary Table 3c | Secondary Exposure: MAPC Medicare Opioid Claims

(2013-14).

Supplementary Table 3d | Covariate Exposure∗ Variables. ∗Proportion of

Individuals Surveyed.

Supplementary Table 4 | Correlations between mortality and explanatory

variables.

Supplementary Table 4a | Pearson r correlations between county level

AI-NHW45-54 mortality and explanatory variables (FEMALE mortality dataset).

Supplementary Table 4b | Pearson r correlations between county level

AI-NHW45-54 mortality and explanatory variables (MALE mortality dataset).

REFERENCES

1. United Nations Statistical Commission Inter-agency and Expert Group on

SDG Indicators. Global indicator framework for the Sustainable Development

Goals and targets of the 2030. Agenda for Sustainable Development. Available

online at: https://sustainabledevelopment.un.org/sdg3 (accessed January 18,

2020).

2. Shiels M, Chernyavskiy P, Anderson W, Best A, Haozous E, Hartge P, et al.

Trends in premature mortality in the USA by sex, race, and ethnicity from

1999 to 2014: an analysis of death certificate data. Lancet. (2017) 389:1043–

54. doi: 10.1016/S0140-6736(17)30187-3

3. Case A, Deaton A. Rising morbidity and mortality in midlife am+ong White

Non-Hispanic Americans in the 21st century. Proc Natl Acad Sci USA. (2015)

112:15078–83. doi: 10.1073/pnas.1518393112

4. Brandenburg, MA. American Indian midlife mortality is increasing in

Oklahoma: a 1999-2016 time-series study. J Oklahoma State Med Assoc.

(2019) 112:303–6. doi: 10.13140/RG.2.2.24012.16000

5. The US Burden of Disease Collaborators. The State of US Health, 1990-

2016. Burden of Diseases, Injuries, and Risk Factors Among US States. JAMA.

(2018) 319:1444–72.

6. US Census Bureau. QuickFacts Oklahoma. Available online at: https://

www.census.gov/quickfacts/fact/table/ok,US/PST045217 (accessed January

18, 2020).

7. Indian Health Service. The Opioid Epidemic: the Indian Health Service

Response to a National Crisis. Rockville, MD: US Department of Health and

Human Services, Indian Health Service; (2017). Available online at:: http://

www.npaihb.org/wp-content/uploads/2018/12/National-IHS-Committee-

on-Heroin-Opioids-and-Pain-Efforts.pdf (accessed January 18, 2020).

8. Kochanek KD, Murphy SL, Xu J, Tejada-Vera B. Deaths: final data for 2014.

Vital Stat Rep. (2016) 65:1–122.

9. Arias E, Heron M, Hakes JK. The validity of race and Hispanic-origin

reporting on death certificates in the United States: An update. National

Center for Health Statistics. Vital Health Stat. (2016) 2:1–21.

10. Joshi S, Weiser T, Warren-Mears V. Drug, opioid-involved, and heroin-

involved overdose deaths among American Indians and Alaska Natives

- Washington, 1999-2015. Morb Mortal Wkly Rep. (2018) 67:1384–

7. doi: 10.15585/mmwr.mm6750a2

11. Dougherty TM, Janitz AE, Williams MB, Martinez SA, Peercy MT. Racial

misclassification in mortality records among American Indians/Alaska

Natives in Oklahoma from 1991 to (2015). JPHMP. (2019) 25:S36–

S43. doi: 10.1097/PHH.0000000000001019

12. Brandenburg, MA. Oklahoma American Indian 45-54-year-old population

mortality and medicaid opioid spending: comparing 1999-2008 trends.

Toxicol Environ Health Sci. (2019) 11:185–9. doi: 10.1007/s13530-019-0406-4

13. Warner M, Chen LH, Makuc DM, Anderson RN, Miniño AM. Drug

poisoning deaths in the United States, 1980-2008. NCHS Data Brief.

(2011) 81:1–8.

14. Rudd RA, Seth P, David F, Scholl L. Increases in drug and opioid overdose

deaths - United States, 2000-2015. MMWR Morb Mortal Wkly Rep. (2016)

65:1445–52. doi: 10.15585/mmwr.mm655051e1

15. Dieleman J, Baral R, BirgerM, Bui AL, Bulchis A, Chapin A, et al. Spending on

personal health care and Public Health, 1996-2013. JAMA. (2016) 316:2627–

46. doi: 10.1001/jama.2016.16885

16. Kochanek KD, Murphy SL, Xu J, Tejada-Vera B. Deaths: final data for 2014.

Vital stat Rep. (2016) 65:1–122.

17. Weimer MB, Korthuis PT, Behonick GS, Wunsch MJ. The source of

methadone in overdose deaths in western Virginia in 2004. J Addict Med.

(2011) 5:188–202. doi: 10.1097/ADM.0b013e318211c56a

18. Centers for Disease Control Prevention. Annual Surveillance Report of Drug-

Related Risks Outcomes - United States, (2017). Surveillance Special Report 1.

Centers for Disease Control Prevention, U.S. Department of Health and Human

Services. (2017) Available online at: https://www.cdc.gov/drugoverdose/pdf/

pubs/2017-cdc-drug-surveillance-report.pdf (accessed January 18, 2020).

19. Piercefield E, Archer P, Kemp P, & Mallonee S. Increase in Unintentional

Medication Overdose Deaths: Oklahoma, 1994-2006. Am J Prev Med. (2010)

39:357–63. doi: 10.1016/j.amepre.2010.05.016

20. Langthorn L, Nguyen C. Unintentional Poisonings Related to Medications,

Oklahoma, 2007-2009. INJURY UPDATE - Injury Prevention Service,

Oklahoma State Department of Health. (2011). Available online at: https://

www.ok.gov/health2/documents/Unintentional_Poisoning_Medications_

2007-2009.pdf (accessed January 18, 2020).

21. Centers for Disease Control Prevention. US County Prescribing Rates.

Available online at: https://www.cdc.gov/drugoverdose/maps/rxcounty2015.

html (last accessed on January 18, 2020).

22. Cosgrove J. Oklahoma Researcher Reports Link Between of Pen Pharmacies’

Output, Overdoses.TheOklahoman. (2015). Available online at: http://newsok.

com/article/5443349 (accessed January 18, 2020).

23. Deaton A. Opioid Addiction, Medicaid, and Big Pharma. National Association

for Business Economics. (2017) Available online at: https://www.c-span.org/

video/?c4659810/opioid-addiction-medicaid-big-pharma (accessed January

18, 2020).

24. Eberstadt N. Deaths of despair: Opioids, community, and the economy.

American Enterprise Institute. (2017) Available at: http://www.aei.org/events/

deaths-of-despair-opioids-community-and-the-economy/ (last accessed on

January 18, 2020).

25. Chetty R, Stepner M, Abraham S, Lin S, Scuderi B, Turner N, et al. The

association between income and life expectancy in the United States, 2001-

2014. JAMA. (2016) 315:1750–66. doi: 10.1001/jama.2016.4226

Frontiers in Public Health | www.frontiersin.org 13 April 2020 | Volume 8 | Article 139

https://sustainabledevelopment.un.org/sdg3
https://doi.org/10.1016/S0140-6736(17)30187-3
https://doi.org/10.1073/pnas.1518393112
https://doi.org/10.13140/RG.2.2.24012.16000
https://www.census.gov/quickfacts/fact/table/ok,US/PST045217
https://www.census.gov/quickfacts/fact/table/ok,US/PST045217
http://www.npaihb.org/wp-content/uploads/2018/12/National-IHS-Committee-on-Heroin-Opioids-and-Pain-Efforts.pdf
http://www.npaihb.org/wp-content/uploads/2018/12/National-IHS-Committee-on-Heroin-Opioids-and-Pain-Efforts.pdf
http://www.npaihb.org/wp-content/uploads/2018/12/National-IHS-Committee-on-Heroin-Opioids-and-Pain-Efforts.pdf
https://doi.org/10.15585/mmwr.mm6750a2
https://doi.org/10.1097/PHH.0000000000001019
https://doi.org/10.1007/s13530-019-0406-4
https://doi.org/10.15585/mmwr.mm655051e1
https://doi.org/10.1001/jama.2016.16885
https://doi.org/10.1097/ADM.0b013e318211c56a
https://www.cdc.gov/drugoverdose/pdf/pubs/2017-cdc-drug-surveillance-report.pdf
https://www.cdc.gov/drugoverdose/pdf/pubs/2017-cdc-drug-surveillance-report.pdf
https://doi.org/10.1016/j.amepre.2010.05.016
https://www.ok.gov/health2/documents/Unintentional_Poisoning_Medications_2007-2009.pdf
https://www.ok.gov/health2/documents/Unintentional_Poisoning_Medications_2007-2009.pdf
https://www.ok.gov/health2/documents/Unintentional_Poisoning_Medications_2007-2009.pdf
https://www.cdc.gov/drugoverdose/maps/rxcounty2015.html
https://www.cdc.gov/drugoverdose/maps/rxcounty2015.html
http://newsok.com/article/5443349
http://newsok.com/article/5443349
https://www.c-span.org/video/?c4659810/opioid-addiction-medicaid-big-pharma
https://www.c-span.org/video/?c4659810/opioid-addiction-medicaid-big-pharma
http://www.aei.org/events/deaths-of-despair-opioids-community-and-the-economy/
http://www.aei.org/events/deaths-of-despair-opioids-community-and-the-economy/
https://doi.org/10.1001/jama.2016.4226
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Brandenburg Medicaid Spending and All-Cause Mortality

26. World Health Organization. (?2009)?. Global health risks: mortality and

burden of disease attributable to selected major risks. World Health

Organization. https://apps.who.int/iris/handle/10665/44203

27. Global Status Report on Noncommunicable Diseases 2010. (2011). Geneva:

World Health Organization.

28. Tencza C, Stokes A, Preston S. Factors responsible for mortality variation

in the United States: a latent variable analysis. Dem Res. (2014) 31:27–

70. doi: 10.4054/DemRes.2014.31.2

29. Stenholm S, Head J, Kivimäki M, Kawachi I, Aalto V, Zins M, et al. Smoking,

physical inactivity and obesity as predictors of healthy and disease-free life

expectancy between ages 50 and 75: a multicohort study. Int J Epidemiol.

(2016) 45:1260–70. doi: 10.1093/ije/dyw126

30. Centers for Disease Control and Prevention. CDC Wonder. US Department

of Health and Human Services. Available online at: https://wonder.cdc.gov/

(accessed January 18, 2020).

31. Data.CMS.gov. Medicare_Part_D_Opioid_Prescriber_Summary_File_2013.

US Centers for Medicare & Medicaid Services. Available online at: https://data.

cms.gov/Medicare-Claims/Medicare-Part-D-Opioid-Prescriber-Summary-

File-201/yb2j-f3fp/data (accessed January 18, 2020).

32. Data.CMS.gov. Medicare_Part_D_Opioid_Prescriber_Summary_File_2014.

US Centers for Medicare & Medicaid Services. Available online at: https://data.

cms.gov/Medicare-Claims/Medicare-Part-D-Opioid-Prescriber-Summary-

File-201/e4ka-3ncx/data (accessed January 18, 2020).

33. County Health Rankings & Roadmaps: Building a Culture of Health, County

by County. Oklahoma Rankings Data. Robert Wood Johnson Foundation.

Available online at: http://www.countyhealthrankings.org/app/oklahoma/

2018/downloads (accessed January 18, 2020).

34. County Health Rankings & Roadmaps: Building a Culture of Health, County

by County. Oklahoma Adult Smoking. Robert Wood Johnson Foundation.

Available online at: http://www.countyhealthrankings.org/app/oklahoma/

2018/measure/facto/9/map (accessed January 18, 2020).

35. County Health Rankings & Roadmaps: Building a Culture of Health, County

by County. Oklahoma Adult Obesity. Robert Wood Johnson Foundation.

Available online at: http://www.countyhealthrankings.org/app/oklahoma/

2018/measure/factors/11/map (accessed January 18, 2020).

36. Census.gov. How the Census Bureau Measures Poverty. US Census Bureau.

Available online at: https://www.census.gov/topics/income-poverty/poverty/

guidance/poverty-measures.html (accessed January 18, 2020).

37. Breusch TS, Pagan AR. A simple test for heteroscedasticity and random

coefficient variation. Econometrica. (1979) 47:1287–94.

38. Novick TK, Surapaneni A, Shin JI, Alexander GC, Inker LA, et al. Associations

of opioid prescriptions with death and hospitalization across the spectrum of

estimated GFR. CJASN. (2019) 14:1581–9. doi: 10.2215/CJN.00440119

39. Ronan MV, Herzig SJ. Hospitalizations related to opioid abuse/dependence

and associated serious infections increased sharply, 2002-12. Health Affairs.

(2016) 35:832–7. doi: 10.1377/hlthaff.2015.1424

40. Sabita R, Ninkovic J, Banerjee S, Charboneau RG, Das S, Dutta R, et al.

Opioid drug abuse and modulation of immune function: consequences in the

susceptibility to opportunistic infections. J Neuroimmune Pharmacol. (2011)

6:442–65. doi: 10.1007/s11481-011-9292-5

41. Walker JM, Farney RJ, Rhondeau SM, Boyle KM, Valentine K, Clowar

TV, et al. Chronic opioid use is a risk factor for the development of

central sleep apnea and ataxic breathing. J Clin Sleep Med. (2007) 3:455–

61. doi: 10.5664/jcsm.26908

42. Menendez ME, Ring D, Bateman BT. Preoperative opioid misuse is associated

with increased morbidity and mortality after elective orthopaedic surgery.

Clin Orthop Relat Res. (2015) 473:2402–12. doi: 10.1007/s11999-015-4173-5

43. Zheng H, George LK. Does medical expansion improve population health? J

Health Soc Behav. (2018) 59:113–2. doi: 10.1177/0022146518754534

44. Brandenburg MA. Prescription opioids are associated with

population mortality in US deep south middle-age non-hispanic

whites: an ecological time series study. Front Public Health. (2019)

7:252. doi: 10.3389/fpubh.2019.00252

45. Brandenburg MA. Prescription opioids and population cardiovascular

mortality in US south female non-hispanic whites. Toxicol Environ Health Sci.

(2019). doi: 10.1007/s13530-020-00016-y. [Epub ahead of print].

46. Coolen P, Best S, Lima A, Sabel J. Overdose deaths involving prescription

opioids among Medicaid enrollees-Washington, 2004-2007. Morb Mortal

Wkly Rep. (2009) 58:1171–5.

47. Mack KA, Zhang K, Paulozzi L, Jones C. Prescription practices

involving opioid analgesics among Americans with Medicaid, (2010). J

Health Care Poor Underserved. (2015) 26:182–98. doi: 10.1353/hpu.201

5.0009

48. RayWA, Chung CP,Murray KT, Hall K, Stein CM. Prescription of long-acting

opioids and mortality in patients with chronic noncancer pain. JAMA. (2016)

315:2415–23. doi: 10.1001/jama.2016.7789

49. Young K, Zur J. Medicaid and the Opioid Epidemic: Enrollment, Spending,

and the Implications of Proposed Policy Changes. The Henry J. Kaiser Family

Foundation. (2017) Available online at: https://www.kff.org/medicaid/issue-

brief/medicaid-and-the-opioid-epidemic-enrollment-spending-and-the-

implications-of-proposed-policy-changes/ (accessed January 18, 2020).

50. West Virginia Department of Health and Human Resources. 2016

Overdose Fatality Analysis: Healthcare Systems Utilization, Risk Factors,

and Opportunities for Intervention. (2018) Available online at: https://

dhhr.wv.gov/bph/Documents/ODCP%20Reports%202017/2016%20West

%20Virginia%20Overdose%20Fatality%20Analysis_004302018.pdf (accessed

January 18, 2020).

51. Coolen P, Best S, Lima A, Sabel J. Overdose deaths involving prescription

opioids among Medicaid enrollees-Washington, 2004-2007. Morb Mortal

Wkly Rep. (2009) 58:1171–5.

52. McAdam-Marx C, Roland CL, Cleveland J, Oderda GM. Costs of

opioid abuse and misuse determined from a medicaid database. J

Pain Pall Care Pharmacother. (2010) 24:5–18. doi: 10.3109/15360280903

544877

53. US Census Bureau. American Fact Finder. Available online at: https://

factfinder.census.gov/faces/nav/jsf/pages/index.xhtml (accessed January

18, 2020).

54. Orpana HM, Lang JJ, Baxi M, Halverson J, Kozloff N, Cahill L, et al.

Canadian trends in opioid-related mortality and disability from opioid use

disorder from 1990 to 2014 through the lens of the Global Burden of Disease

Study.Health Prom Chronic Dis Prev. (2018) 38:234–43. doi: 10.24095/hpcdp.

38.6.03

55. Jakovljevic M, Lazarevic M, Jurisevic M Jovanovic MR. When cure becomes

an illness - abuse of addictive prescriptionmedicines. Front Pharmacol. (2015)

6:193. doi: 10.3389/fphar.2015.00193

56. Zin CS, Chen LC, Knaggs RD. Changes in trends and pattern of

strong opioid prescribing in primary care. Eur J Pain. (2014) 18:1343–

51. doi: 10.1002/j.1532-2149.2014.496.x

57. Rosner B, Neicun J, Yang JC, Roman-Urrestarazu A. Opioid

prescription patterns in Germany and the global opioid epidemic:

systematic review of available evidence. PLoS ONE. (2019)

14:e0221153. doi: 10.1371/journal.pone.0221153

58. Van Amsterdam, J.; van den Brink, W. The misuse of prescription

opioids: a threat for Europe? Curr Drug Abuse Rev. (2015) 8:3–

14. doi: 10.2174/187447370801150611184218

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Brandenburg. This is an open-access article distributed under the

terms of the Creative Commons Attribution License (CC BY). The use, distribution

or reproduction in other forums is permitted, provided the original author(s) and

the copyright owner(s) are credited and that the original publication in this journal

is cited, in accordance with accepted academic practice. No use, distribution or

reproduction is permitted which does not comply with these terms.

Frontiers in Public Health | www.frontiersin.org 14 April 2020 | Volume 8 | Article 139

https://apps.who.int/iris/handle/10665/44203
https://doi.org/10.4054/DemRes.2014.31.2
https://doi.org/10.1093/ije/dyw126
https://wonder.cdc.gov/
https://data.cms.gov/Medicare-Claims/Medicare-Part-D-Opioid-Prescriber-Summary-File-201/yb2j-f3fp/data
https://data.cms.gov/Medicare-Claims/Medicare-Part-D-Opioid-Prescriber-Summary-File-201/yb2j-f3fp/data
https://data.cms.gov/Medicare-Claims/Medicare-Part-D-Opioid-Prescriber-Summary-File-201/yb2j-f3fp/data
https://data.cms.gov/Medicare-Claims/Medicare-Part-D-Opioid-Prescriber-Summary-File-201/e4ka-3ncx/data
https://data.cms.gov/Medicare-Claims/Medicare-Part-D-Opioid-Prescriber-Summary-File-201/e4ka-3ncx/data
https://data.cms.gov/Medicare-Claims/Medicare-Part-D-Opioid-Prescriber-Summary-File-201/e4ka-3ncx/data
http://www.countyhealthrankings.org/app/oklahoma/2018/downloads
http://www.countyhealthrankings.org/app/oklahoma/2018/downloads
http://www.countyhealthrankings.org/app/oklahoma/2018/measure/facto/9/map
http://www.countyhealthrankings.org/app/oklahoma/2018/measure/facto/9/map
http://www.countyhealthrankings.org/app/oklahoma/2018/measure/factors/11/map
http://www.countyhealthrankings.org/app/oklahoma/2018/measure/factors/11/map
https://www.census.gov/topics/income-poverty/poverty/guidance/poverty-measures.html
https://www.census.gov/topics/income-poverty/poverty/guidance/poverty-measures.html
https://doi.org/10.2215/CJN.00440119
https://doi.org/10.1377/hlthaff.2015.1424
https://doi.org/10.1007/s11481-011-9292-5
https://doi.org/10.5664/jcsm.26908
https://doi.org/10.1007/s11999-015-4173-5
https://doi.org/10.1177/0022146518754534
https://doi.org/10.3389/fpubh.2019.00252
https://doi.org/10.1007/s13530-020-00016-y
https://doi.org/10.1353/hpu.2015.0009
https://doi.org/10.1001/jama.2016.7789
https://www.kff.org/medicaid/issue-brief/medicaid-and-the-opioid-epidemic-enrollment-spending-and-the-implications-of-proposed-policy-changes/
https://www.kff.org/medicaid/issue-brief/medicaid-and-the-opioid-epidemic-enrollment-spending-and-the-implications-of-proposed-policy-changes/
https://www.kff.org/medicaid/issue-brief/medicaid-and-the-opioid-epidemic-enrollment-spending-and-the-implications-of-proposed-policy-changes/
https://dhhr.wv.gov/bph/Documents/ODCP%20Reports%202017/2016%20West%20Virginia%20Overdose%20Fatality%20Analysis_004302018.pdf
https://dhhr.wv.gov/bph/Documents/ODCP%20Reports%202017/2016%20West%20Virginia%20Overdose%20Fatality%20Analysis_004302018.pdf
https://dhhr.wv.gov/bph/Documents/ODCP%20Reports%202017/2016%20West%20Virginia%20Overdose%20Fatality%20Analysis_004302018.pdf
https://doi.org/10.3109/15360280903544877
https://factfinder.census.gov/faces/nav/jsf/pages/index.xhtml
https://factfinder.census.gov/faces/nav/jsf/pages/index.xhtml
https://doi.org/10.24095/hpcdp.38.6.03
https://doi.org/10.3389/fphar.2015.00193
https://doi.org/10.1002/j.1532-2149.2014.496.x
https://doi.org/10.1371/journal.pone.0221153
https://doi.org/10.2174/187447370801150611184218
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

	American Indian and Non-Hispanic White Midlife Mortality Is Associated With Medicaid Spending: An Oklahoma Ecological Study (1999–2016)
	Introduction
	American Indian/Alaska Native Mortality
	The US Opioid Epidemic

	Objective
	Methods
	Mortality Data
	Medicaid Data
	Co-variate Data 
	Data Handling
	Tested Assumptions of Linear Regression

	Results
	Statewide 
	County-Level
	Multiple Linear Regression Assumptions
	Linearity
	Multivariate Normality
	Multicollinearity and Heteroscedasticity

	Confounder Assumptions
	Post-Estimation Analyses

	Discussion
	Prescription Opioids and Population All-Cause Mortality
	Medicaid Opioids
	Confounding
	Assumptions With Data Collected
	Limitations
	Future Directions
	The Opioid Epidemic: a Global Threat?

	Conclusion
	Data Availability Statement
	Author Contributions
	Acknowledgments
	Supplementary Material
	References


