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Opioid use disorder (OUD)

Source: https://www.cdc.gov/drugoverdose/training/oud/accessible/index.html

Opioid use disorder (OUD) is defined in the Diagnostic and Statistical Manual 
of Mental Disorders, Fifth Edition (DSM-5) as a problematic pattern of opioid 
use leading to clinically significant impairment or distress.

OUD prevalence estimates are needed at the county-level to adequately 
improve treatment and recovery services nationally (e.g., distributing 
buprenorphine, naloxone).

The [abatement] agreement identifies as key factors (1) the total volume of 
opioids; (2) number of overdose deaths; and (3) number of individuals with 
OUDs.*  

*Alexander GC, Mansour O. Distribution of Abatement Funds Arising From US Opioid Litigation. JAMA. 
2022;328(19):1901. doi:10.1001/jama.2022.19667
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National Survey on 

Drug Use and Health

(NSDUH)



Alcohol Use Disorder is only SUD available at Substate Regions

NSDUH Substate Estimates. Accessed May 26, 2025. https://datatools.samhsa.gov/saes/substate



What are the options for estimating 

county-level OUD in the general 

population?

Why now?



States participating in data linkage projects



Example Indicators for OD2A



Planned data linkages by state

Emergency 

Department

Hospital 

Discharge

Emergency 

Medical 

Services

State 

Unintentional 

Drug Overdose 

Reporting 

System

Vital 

Records

National 

Violent 

Death 

Registry 

System

Medical 

Examiner

Prescription 

Drug 

Monitoring 

Program

Criminal 

Justice  Individual  Area

Alaska 1 1 1 1 1 5

Arizona 1 1 1 3

California 1 1 1 1 4

Colorado 1 1 1 3

Hawaii 1 1 1 1 4

Illinois 1 1 1 1 1 4

Indiana 1 1 1 1 1 5

Kentucky 1 1 1 3

Minnesota 1 1 1 1 1 5

Nebraska 1 1 1 1 1 5

New York 1 1 1 1 1 5

North Carolina 1 1 1 3

Oklahoma 1 1 1 1 1 1 6

Oregon 1 1 1 1 1 1 1 1 8

Pennsylvania 1 1 1 1 4

Rhode Island 1 1 1 1 1 5

Tennessee 1 1 1 1 1 1 6

Vermont 1 1 1 1 1 5

Washington 1 1 1 1 4

Wisconsin 1 1 1 1 1 5

Total 5 11 10 5 16 1 1 14 8 10 10 92

Non-Fatal (1) Other (3) Level (3)

OD2A Requirements=(1 AND 2) AND [(1 or 2) AND 3]

State

Social Determinants

Fatal (2)

Total



Capture-Recapture: “Salmon Cannon”

Source: https://www.theguardian.com/environment/2019/aug/15/salmon-
cannon-fish-dam

https://aws.amazon.com/blogs/aws/a
ws-lake-formation-now-generally-
available/
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Capture-Recapture (2-way): “Deeper Dive”

10

𝑇𝑜𝑡𝑎𝑙 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛
 =

5

20

Method: *Lincoln–Peterson 

Source: Seber GAF. The Estimation of Animal Abundance, and Related Parameters. New York, NY: Hafner Press; 1973. 

<“Capture” stage>

10 fish are captured, tagged, and released.

<“Recapture” stage>

20 fish are captured and 5 of which are found to 

have been tagged previously.

10

40
 =

5

20

*Assumption: the fraction of tagged fish in 

the “recapture” is proportional to the 

fraction of fish that would have been 

initially “captured” in the total population. 𝑇𝑜𝑡𝑎𝑙 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 =  40 = 10 + 20 + 10

Data lake 1 Data lake 2

Unknown



(2 data lakes) 

D1*D2=5 shared

D1=5 unique
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Capture-Recapture (3-way): “Deeper Dive”

Data lake 1 (D1) Data lake 2 (D2) Data lake 3 (D3)

(3 data lakes)

D1*D2*D3=3 shared

D2*D1=2 shared

D1=5 unique
Barocas et al. found that a minimum of 4 databases were required for 

stable estimates 



3

Capture-Recapture “Data Lakes”: 2 published studies from MA and KY

7 healthcare databases 

1. All Payer Claims Data, 

2. Treatment Admissions,

3. Inpatient hospitalizations, 

4. Death certificates, 

5. Births 

6. EMS

7. Prescription Monitoring Program (PMP)

• At least 4 were optimal!

• Stratified by county, age group (11-25, 26-44, 
45+), sex

4 healthcare databases 

1. Medicaid claims, 

2. EMS,

3. PMP,

4. Death certificates 

• Stratified by county, age group 
(18-34, 35-54, 55-64), sex
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• Individuals are matched across the datasets.

• Stratified by county, age group (18-34, 35-54, 55-64), sex

Medicaid KASPER Vital Statistics Emergency Medical Services (EMS)

Age 11 years or older

Definition 1 medical claim with
an OUD diagnosis code

At least 1 buprenorphine
prescription

Opioid-related
deaths

An EMS response for
an opioid overdose

Capture-Recapture “Tags”: OUD identification
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Known and unknown estimates (CY 2018)

“Known” people with OUD (N = 95,083) “Unknown” people with OUD (N = 160,268) 

PMP
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Findings

Source: United States Department of Health and Human Services. Substance Abuse and Mental Health Services Administration. 

Center for Behavioral Health Statistics and Quality. National Survey and Drug Use and Health, 2015-2016 for Massachusetts and 

2016-2018 for Kentucky 

4.8 times higher 4.4 times higher

Wang J et al. Massachusetts Prevalence of Opioid Use Disorder 
Estimation Revisited: Comparing a Bayesian Approach to Standard 
Capture–Recapture Methods. Epidemiology. 2023;34(6):841-849. 
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County-level OUD Prevalence (2019)

6.6% 

(2018)
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Meet the Current Team

David M. Kline
Associate Professor, Biostatistics 
and Data Science

Staci Hepler
Associate Professor & Assistant Chair
Department of Statistical Sciences

Brian White 
Biostatistician III - Wake Forest 
School of Medicine | Statistics

Anna L. Smith
Assistant Professor of 
Statistics

Fan Xiong
Senior Epidemiologist  WA 
State Department of Health

Jillian Jetson
Epidemiologist III 
WA State Department of Health

Audrey Hu
Epidemiologist III 
WA State Department of Health

Eugene Shin
Senior Data Analyst
Institute for Pharmaceutical 
Outcomes & Policy
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Methods development and application in multiple states
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Current Approaches + New Ideas (CRC and Abundance) for Counties

*State rates obtained from: Krawczyk N et al. Has the treatment gap for opioid use disorder narrowed in the U.S.?: A yearly assessment from 2010 to 2019”. International Journal of Drug Policy. 
2022;110:103786. doi:10.1016/j.drugpo.2022.103786
**Keyes KM et al. What is the prevalence of and trend in opioid use disorder in the United States from 2010 to 2019? Using multiplier approaches to estimate prevalence for an unknown population 
size. Drug and Alcohol Dependence Reports. 2022;3:100052. doi:10.1016/j.dadr.2022.100052
†  Barocas JA, White LF, Wang J, et al. Estimated Prevalence of Opioid Use Disorder in Massachusetts, 2011-2015: A Capture-Recapture Analysis. American Journal of Public Health. 
2018;108(12):1675-1681. doi:10.2105/AJPH.2018.304673

Method Linkage
County 

estimate

1) National Survey on Drug Use and Health (NSDUH)* No State-based

(2) NSDUH + Multiplier*† No State-based

(3) Multiplier + Overdose adjustment** No County-based

(4) Capture-Recapture (linkage required) Yes County-based

(5) Bayesian Integrated Abundance Model Yes/No
State/County-

based

(6) Bayesian Benchmark Multiplier No
State/County-

based

https://doi.org/10.1016/j.drugpo.2022.103786
https://doi.org/10.1016/j.dadr.2022.100052
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Linked PDMP and Death Certificate Data (via CDC’s OD2A)

2019 Washington State

(A) Opioid-involved deaths 705

(B) Buprenorphine Rx 44,983

ODs in PDMP (within year) 80/44,983 
(0.17%)*

PDMP in Ods (within year) 80/705 (11.3%)**

*Unknown county residence not included (< X%)

**State Unintentional Drug Overdose Reporting System (SUDORS) 6.9% of 
fatal overdoses with evidence of SUD treatment

80 linked 
in both
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People with OUD (no.) variability by methods in WA state (2019)

PDMP + Mortality

NSDUH NSDUH*Multiplier Bayesian Integrated

NSDUH*Multiplier
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Estimated county-level prevalence of opioid misuse (in the general population)

Bayesian Integrated Abundance models



3Bayesian Integrated Abundance models

State-level NSDUH improving, but county still not available



Method

1) National Survey on Drug Use and Health (NSDUH)*

(2) NSDUH + Multiplier*†

(3) Multiplier + Overdose adjustment**

(4) Capture-Recapture (linkage required)

(5) Bayesian Integrated Abundance Model

(6) Bayesian Benchmark Multiplier

State/county 
Interactive OUD 

dashboard
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• Predicting opioid use with machine learning models in KY 
and CA

• Social Network Analysis of Opioid Prescribing Networks in 
KY

• Small-area stimulant prescribing and social determinants 
in KY  

Other PDMP-centric projects from our team
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Questions?
Chris.Delcher@uky.edu

Special thanks to the Washington State and Wake 
Forest teams: 

Workshop at:
Council of State and Territorial Epidemiologists 

(CSTE) 2025 CSTE Annual Conference, 
Grand Rapids, Michigan

June 8, 2025 
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