PATTERNS IN US DRUG POISONING MORTALITY, 1999-2009
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APPENDIX A

Table A1. Variables included in models of drug poisoning mortality.

	Region of the country (Division: New England, Mid-Atlantic, East North Central, West North Central, South Atlantic, East South Central, West South Central, Mountain, Pacific)
	Median age

Percent black

Percent white

Percent Hispanic

	Latitude and longitude of county centroid
	Percent Asian

	Square miles
	Percent other race

	Population size
	Percent with less than HS education

	Residential density
	Percent female headed households

	Percent rural
	Number of MDs

	Percent of land that is farm
	Number of hospitals

	Median home value
	Percent on Medicare

	Percent household public assistance
	Percent on Medicaid 

	Percent renter occupied housing
	Number in jail

	Percent households with dividend income
	Number in juvenile detention

	Percent English speaking
	Number homeless

	Percent native
	Average percent humidity in July

	Percent households without earnings
	Above the median arrests for drug sale

	Above the median arrests for drug-related crimes 
	Percent unemployed

	Central, fringe, medium metropolitan, micropolitan, non-core/rural

Percent of deaths with pending causes

Proportion of population reporting nonmedical prescription drug use


Methods

Principal Components Analysis:

Results from the principal components analysis of included variables (listed above). The principal components analysis excluded urban rural classification, census division, percent pending deaths, percent of population reporting nonmedical prescription drug use in order to examine these variables separately in relation to drug poisoning AADRs.

Table A2. Principal components analysis results.

	Component
	Eigenvalue
	Cumulative Proportion

	1
	6.7
	18.8%

	2
	5.7
	36.7%

	3
	4.3
	49.3%

	4
	2.5
	56.7%

	5
	2.2
	63.0%

	6
	1.2
	66.7%

	7
	1.2
	70.2%

	8
	1.1
	73.4%

	9
	0.9
	76.1%

	10
	0.8
	78.4%

	11
	0.7
	80.4%

	12
	0.6
	82.3%


The first 8 factors were selected, with eigenvalues>1.

Two-Stage Models and Sensitivity Analyses:

In this application, the first stage modeled the probability of observing no deaths, and the second stage modeled the expected death rate, conditional on having a death. Logistic regression procedures in GLLAMM1 (i.e., binomial distribution with logistic link) were used to model the probability of observing no drug poisoning deaths for a given county and year (approximately 31% of county-year observations recorded zero deaths).  The age-adjusted death rates due to drug poisoning were log-transformed and then modeled using the linear regression procedures (i.e., Gaussian distribution in identity link) in GLLAMM. 

Pr(Yij = 0) =  ((1)  + (1(1) *Xj  + (2(1) *Yearij ++(3(2) *Divisionj + ζj1(1) + (ij(1)

Stage 1

E(Yij | Yij > 0) =  ((2)  + (4(2) *Xj  + (5(2) *Yearij +(6(2) *Urbanj*Yearij + ζj2(2) + (ij(2)

Stage 2

In this model, Pr(Yij = 0) is the probability of observing no drug-poisoning deaths for year i in county j and E(Yij | Yij > 0) is the expected log-transformed AADR for year i in county j. Additionally,  ((1)  is the mean probability of observing no deaths and  ((2)  is the mean log-AADR; X refers to a vector of county-level covariates (i.e., principal component scores) included in both stages;
 ζj(1) and ζj(2) are county-level random effects with means zero and variance τ2(1) and τ2(2); and ( ij(1) and ( ij(2)  are the random errors associated with the ith year in the jth county. The residuals, (ij(1) and (ij(2), are assumed to follow a logistic and normal distribution, respectively, with mean zero and variances σ²(1) and σ²(2) . For each county and year, the predicted posterior probabilities of having a death obtained from the first step was multiplied by the posterior mean drug-related AADR obtained from the second step to generate a predicted drug-poisoning AADR for each county and year. 

E(AADR)= [1- Pr(Yij =0)]*eYij
These predictions incorporate both an empirical Bayes estimate for each county, plus the linear (or log-linear) prediction from the fixed effects portion of the models.2-3  Estimated annual predicted AADRs were examined by NCHS urban-rural classification as well as census division, to determine if there were different time-trends by urbanization or region of the country.  

Sensitivity Analyses
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Zero-inflated Poisson models (i.e., death counts as the outcome) were explored as an alternative approach, but the data were substantially over-dispersed and fit statistics4 from these models indicated poorer fit than the log-transformed AADR.  Fit statistics included Akaike’s Information Criterion (AIC) and the Bayesian Information Criterion (BIC), where lower values indicate better fit. Moreover, it was important to model age-adjusted death rates to account for age in estimating drug poisoning mortality.  Additionally, several other more complex models were explored such as those with state-level and year random effects and models with composite links to jointly estimate the first and second stages5, but models would not converge, so simpler two-level, two-stage models were selected.  Intra-class correlation coefficients (ICC) and proportion change in variance (PCV) were calculated based on null (i.e., no covariates) and fully adjusted (i.e., including all county fixed effects) models.  The ICC is indicative of the between-county heterogeneity in outcomes (i.e., probability of observing no deaths and the log-transformed AADR) and is calculated as: 
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The PCV describes the proportion of county variation in outcomes that is attributable to the various covariates included in each of the models, and is calculated as:6
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APPENDIX B

Video B1. Animation of annual county-level age-adjusted death rates due to drug poisoning.
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APPENDIX C
Figure C1. Difference between predicted and actual AADR summed over the 10 years by urban-rural classification
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� Stage 1 models did not include urban-rural classification or the Year*Urban interaction term, since models including these covariates would not converge. 





