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Plan for the Session

● Scott Burris (CPHLR): Introduction – Legal Epidemiology and Harm 

Reduction

● Darian Diepholz (CDC):  Overview of this collaborative legal epidemiology 

project and its origin

● Katie Moran-McCabe (CPHLR): A new Syringe Access Laws dataset

● Tamara Rushovich (Drexel University): Analysis of the impact of SSP laws 

on infectious endocarditis, hepatitis C, and HIV

● Klaus Mueller (Stony Brook University): A new policy dashboard

● Q&A with attendees
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Policy Surveillance
3
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Evaluation has been another story

● As Tamara will discuss, it is not easy to assess 

the impact of harm reduction legislation on health 

outcomes

○ Law ≠ receipt of services; services happen without law

○ Limited data on the drug using population and their health

○ The result has been not much research and much of the research 

coming to dubious conclusions about harm reduction making 

outcomes worse.



But also a profound 

institutional/cultural 

failure to take law 

seriously.
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An Ideal Sequence of Policy 

and Research



Missed Opportunities for Impact: The timing of legal 
epidemiology of naloxone laws



And now on with the show…



Using Legal Epidemiology to Advance Harm 

Reduction Policies to Improve Outcomes 

Related to HIV and Viral Hepatitis

Overview of the Project
Darian Diepholz, JD MPH
Public Health Analyst, Centers for Disease Control and Prevention



• Funded by PS23-0009: Advancing Policy as a Public Health Intervention to Reduce 
Morbidity, Mortality and Disparities in HIV, Viral Hepatitis, STDs, and Tuberculosis

• Purpose: Strengthen the ability of leaders who make decisions in public health to 
identify and implement evidence-based policy interventions that will save lives, save 
money, and protect people from HIV, viral hepatitis, STDs, and TB
• (Comp. 1) Grow breadth and depth of NCHHSTP-disease related longitudinal law and policy 

surveillance data sets and conduct comprehensive health and economic outcome 
assessments to inform public health practice. 

• (Comp. 2) Conduct and facilitate legal and policy-related technical assistance among leaders 
who make decisions impacting NCHHSTP-related health outcomes, including developing 
proactive technical assistance tools.
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Identify 
policy 

priorities

Collect & 
code 

law/policy 
data

Conduct 
health & 
economic  
outcome 

assessments 

Create 
technical 

assistance 
tools

Provide legal  
technical 

assistance

Disseminate 
technical 

assistance 
resources

PPHI Work Happens on a Continuum

Component 1 Component 2



Project Origin

Goal: Expanding existing data to understand state laws that 
address the infectious disease consequences of the opioid 

epidemic, including laws authorizing SSPs

Syringe services programs (SSPs) were identified as a priority 
topic based on study results

Mini-Delphi Study

19 participants 19 legal actions reviewed and rated



Syringe Services Programs (SSPs)

• SSPs are proven and effective community-
based prevention programs that can 
provide a range of services

• Access to clean syringes and injection 
equipment 

• Disposal of used syringes

• Vaccination, testing, and linkage to 
infectious disease care 

• Linkage to substance use disorder 
treatment and other supportive services 
(e.g., housing, job programs, food banks)
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Over 30 Years of Research Demonstrate that SSPs are Safe and 
Effective

74%

SSPs + MOUD* 
together

HIV & Hepatitis 
C Transmission

• SSPs…

• Do not increase crime or illegal drug use

• Keep communities clean and first responders 
safe by providing safe needle disposal

• People who use SSPs are..
• 5 times as likely to enter treatment for a 

substance use disorder

• 3 times as likely to reduce or stop injecting
than those who don’t use the programs

Source: https://www.cdc.gov/syringe-services-programs/php/index.html

*Medications for Opioid Use Disorder
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Policy Strategies for Preventing Injection Drug Use Associated 
Infections

• The passage, implementation, and evaluation of laws and policies can be used to 
achieve public health goals.

• State and local laws can facilitate access to services for people who inject drugs to 
prevent overdoses and stop the spread of infectious diseases.

• Public health practitioners, elected officials, 
healthcare administrators, law enforcement 
officials, and people who use drugs can work 
together to implement cost-effective policies 
to save lives and keep communities safe. 



Overview of Project

Research Questions

What is the effect of state laws supporting access 
to clean syringes, including SSP authorization and 
associated drug laws on HIV and hepatitis C 
prevalence and incidence?

What is the effect of state laws supporting access 
to clean syringes, including SSP authorization and 
associated drug laws on infectious endocarditis 
hospitalizations and cost?

3-Part Assessment

Longitudinal Legal Assessment

Evaluation on Impact of Laws

Machine Learning



Using policy surveillance to track state laws 

regulating access to syringes: A foundation for 

advancing policies to improve health outcomes
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Methods 



Legal epidemiology

The scientific study of law as a factor in the cause, distribution, and prevention 

of disease and injury in a population.
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Identification of Priority Research 
Needs – Landscape Assessment

● Mini-Delphi process

● Rapid legal scans

● Topics selected based on:

○ Initial areas of interest, and 

○ Causal inferences regarding how laws may affect health outcomes related to 
the infections of interest

● Purpose: 
○ What research already exists on the health effects of the laws? 

○ What is the quality of that research?
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Policy Surveillance 

The systematic collection, 

analysis, and dissemination 

of laws and policies across 

jurisdictions or institutions, 

and over time.
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Supportive legal environment for accessing 
clean syringes
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Select Legal Variables



25

Quantitative Legal Data



Results
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State Syringe Access Laws dataset

● Key features of state statutes and regulations governing syringe 

services programs (SSPs) and drug paraphernalia distribution and 

possession

● Covers all 50 U.S. states and the District of Columbia

● Dataset dates: January 1, 2010 through June 1, 2024
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Laws Explicitly Authorizing SSPs

As of January 1, 2010: 13 states and DC As of June 1, 2024: 32 states and DC
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No Local Approval Required for SSPs

As of June 1, 2024: 24 states & DC (76% of jurisdictions that explicitly authorize SSPs)
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No local approval, no required exchange & 
no max. number of syringes

As of June 1, 2024: 13 states (39% of jurisdictions that explicitly authorize SSPs)

Of these, only Delaware 
prohibits secondary 

exchange of syringes
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Drug paraphernalia possession laws as of 
June 1, 2024

No prohibition on drug paraphernalia possession: 
10 states (generally); DC (for personal use)

Law explicitly excludes syringes from prohibition on 
possession (4 states in blue), or exempts SSP 

participants (14 states & DC in red)
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Drug paraphernalia distribution laws as of 
June 1, 2024

No prohibition on free distribution of drug 
paraphernalia: 6 states

Law explicitly excludes syringes from prohibition on 
distribution (5 states in blue), or exempts SSP 

employees (17 states & DC in red)
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Putting It All Together: As of June 1, 2024

VTState does not bar the free distribution of 
paraphernalia

AND

AND

Law does not penalize possession of drug 
paraphernalia

AZ, GA, IL, NV, NH, NJ, NC, 
ND, OH, OK, VT, VA

NH, VT

Law does not require local approval, exchange, or max. 
number of syringes, and does not prohibit secondary 

exchange

AND

State explicitly authorizes SSPs
AZ, CA, CO, CT, DE, DC, FL, GA, HI, ID, IL, IN, 

KY, LA, ME, MD, MA, NV, NH, NJ, NM, NC, 
ND, OH, OK,RI, TN, TX UT VT, VA, WV
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Stay in Touch – Dataset coming soon!
34

Katie Moran-McCabe (she/her)

Lead Law and Policy Analyst

Center for Public Health Law Research,

Temple University Beasley School of Law

Email: kathleen.mccabe@temple.edu

● Visit phlr.temple.org, LawAtlas.org,

and PDAPS.org

● Sign up for our bi-weekly newsletter: 

https://bit.ly/CPHLRemail

● Follow us on social media

○ Instagram: @templelegalepi

○ Twitter/X: @PHLR_Temple

○ Facebook

○ LinkedIn

○ YouTube



Legal epidemiology in action: Using legal data to evaluate the effect of 
laws addressing access to sterile syringes in the United States

Presenter: Tamara Rushovich, PhD, MPH

Co-investigators: Katie Moran-McCabe, Scott Burris, Ana V. Diez-Roux, and Alina 
Schnake-Mahl
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Injection drug use is a risk factor for skin infections and 
infective endocarditis

• People who use injection 
drugs are at higher risk for 
contracting skin and soft 
tissue infections and infective 
endocarditis because bacteria 
from dirty needles can enter 
the bloodstream.

• Infective endocarditis is a 
serious and potentially fatal 
condition where the lining of 
the heart becomes inflamed.  

36
Citations: https://my.clevelandclinic.org/ health/diseases/16957-endocarditis, https://www.mayoclin ic.org/diseases-conditions/endocarditis/symptoms-causes/syc-20352576 , 
https://pubmed.ncbi.nlm.nih.gov/33303334/



Hospitalizations and mortality due to infective endocarditis 
have increased in the past ten years, with recent decreases

37

Abdul Jabbar, Ali Bin et al. “Trends of infective endocarditis mortality in young adult population of US: A concerning rise a nd its 
association with substance abuse.” International journa l of cardiology. Cardiovascular risk and prevention vol. 25 200404. 15 
Apr. 2025, doi:10.1016/j.ijcrp.2025.200404

Medicaid claims data (excludes four s tates due to poor data quality (excluded states: CT, MA, OK, TN)



Prevalence of injection drug use has increased over 
the study period and decreased in recent years

Park, Daejun et al. “Trends  and dis tinct profiles  of persons  who inject drugs in the United States, 2015-2019.” Preventive medicine vol. 164 (2022):  107289. doi:10.1016/j.ypmed.2022.107289
38



Syringe service programs provide clean needles 
that help prevent the spread of infectious 
diseases
• Syring service programs have been shown to reduce the transmission of 

HIV effectively1

• Syringe service programs were associated with fewer skin and soft 
tissue infections2

• Syringe service programs were associated with fewer recurrences of 
infective endocarditis3

39

1 Fernandes, Ricardo M., et al. "Effectiveness of needle and syringe Programmes in people who inject drugs–An overview of systematic reviews." BMC public health 17.1 (2017): 309.
2 Tomolillo, C. M., Crothers, L. J., & Aberson, C. L. (2007). The Damage Done: A Study of Injection Drug Use, Injection Related Abscesses and Needle Exchange Regulation. Substance Use & Misuse, 42(10). 
https://doi.org/10.1080/10826080701204763
3 Bahji, Anees; Yanagawa, Bobby; Lamba, Wiplove. Harm Reduction for Injection Drug Users with Infective Endocarditis: A Systematic Review. The Canadian Journal of Addiction 1 1(2):p 13-23, June 2020. | 
DOI:  10.1097/CXA.0000000000000080 



Research Question and Hypothesis

What is the effect of more permissive vs. restrictive syringe service program laws 
on Medicaid patient infective endocarditis hospitalizations in the US from 2016-
2021?  

We hypothesize that when states adopt more permissive syringe service program 
laws, there will be a larger decrease in incidence of infective endocarditis and 
skin/soft tissue infections than states in with less permissive laws. 
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Law vs implementation 

41



Law vs implementation 
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Data

➢Syringe Service Program Laws – Temple Center for Public Health Law
• Binary: ”Are syringe service programs explicitly allowed?” Yes/No

• Score: range from -3 (most restrictive) to 6 (most permissive)

• Categorical: most restrictive (-3 to 0), middle (0.5 to 2.5), most permissive (3 to 
6).

• Categorical with untreated category: 0, and then middle (0.5 to 2.5), most 
permissive (3 to 6).
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Data

➢Medicaid inpatient hospitalization data (T-MSIS) – 46 states (2016-
2021)
• Infective Endocarditis and skin/soft tissue infections are defined using ICD-10 

codes. 

• Aggregated counts by state, year, age, and sex (race and ethnicity data were 
unusable due to data quality). 

➢Population data: American Community Survey

➢State-level covariate control data: poverty, homelessness, Medicaid 
expansion status, partisan control, heroin mortality rate. 
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Epidemiology of Infective endocarditis 
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Difference in differences design 
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Difference in differences design – staggered adoption 
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48IE = infective endocarditis



49
https://www.annualreviews.org/content/ journals/10.1146/annurev-publhealth-061022-050825



Conditional parallel pre-trends are present

50IE = infective endocarditis, SSTI = skin and soft tissue infections



Conditional parallel pre-trends are present

51IE = infective endocarditis, SSTI = skin and soft tissue infections



Syring service program laws are not significantly associated with 
changes in infective endocarditis or skin/soft tissue infection rates

52IE = infective endocarditis, SSTI = skin and soft tissue infections



53IE = infective endocarditis, SSTI = skin and soft tissue infections



Sensitivity and robustness analyses showed 
similar results

• Replicated the analysis using hospitalization data from the AHRQ 
State Inpatient Dataset for 13 states

• Replicated the analysis with the Mundlak and basic DID estimators 

• Replicated the analysis and iteratively drop one state 

• Replicated the analysis with different ICD-10 definitions for skin 
and soft tissue infections
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More permissive syringe service program laws may 
not be enough to reduce infective endocarditis. 
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Possible explanations include:
➢ Differences in implementation and or funding of the laws
➢ Syring service programs are known to operate underground in 

states that have restrictive laws

➢ There is variation in syringe service program laws within states at 
the local level

➢ The fact that individuals who use injection drugs may travel to 
states that have more permissive syringe service program laws so 
that they can receive services



Strengths and Limitations 

Strengths:

• Comprehensive legal dataset with granular policy data

• Robust staggered difference in differences design

• Replication in two complementary hospitalization datasets

Limitations

• Due to the limited number of years of Medicaid data, we were unable to look at the 
full range of states that experienced a change in syringe service program laws over 
time. 

• Lack of data on implementation or enforcement of syringe service program laws or 
funding of syringe service programs. 

56



Conclusions

• The presence of a law permitting the operation of syringe service 
programs does not significantly change the rate of infective 
endocarditis or skin and soft tissue infections. 

• Understanding implementation alongside law and policy changes 
related to syringe service program laws is a vital component of a legal 
epidemiology evaluation project. 
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THANK YOU!

Tamara Rushovich, PhD MPH

tr842@Drexel.edu
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Machine Learning–Assisted Causal Analysis of Public Health Laws                         

Across County-Level Subgroups

Presenter: Klaus Mueller, PhD 1

Co-Investigators: Yanming Zhang 1, Recai Yucel, PhD 2, Scott Burris, JD 2

1 Stony Brook University   2 Temple University 



Mission: Explore the Effect of Public Health Law to Lower Death from 
Opioid Abuse

60

Law



What We Want: Gauge the Causality

Public Health Law Opioid Death Rate Differential

Naloxone Dispensing 
w/o Presciption

Opioid Death Rate 2017 - Opioid 
Death Rate 2013

causal relation

For example:

Cause

Effect

20172013 2015

death rate 
differentialdeath rate

tim
e

Law enacted Effect observed



Gauge Causality: Conduct Experiments 

US Counties = 3,143 Unique Public Health Experiments

Sufficiently 

▪Numerous

▪Homogenous

▪ Characterized 



Data: NORC Dataset + Opioid Mortality from CDC Wonder

Some of these factors 
are  provided in the data

NORC covers these variables for 3 time spans (2009-2013-2017-2021) for 3,143 counties



Laws: Temple CPHLR PDAPS Database 

https://pdaps.org/datasets/good-samaritan-overdose-laws-1501695153

Download



Causality Metric: Conditional Average Treatment Effect (CATE)

Want to know whether the opioid death rate Y of a given county C will 
improve after treating it with law L, conditional on a set of covariates x

CATE(x) = E[Y(1) − Y(0) ∣ X = x] 

Y(1): death rate differential in county C with law L applied

Y(0): death rate differential in county C with law L not applied

x: the county’s socioeconomic profile (NORC data)

Problem: We can either observe Y(1) or Y(0), but not both 



Solution: Estimate the Counterfactual

Train a Bayesian Additive Regression Tree (BART) with observed data

▪ Some counties were treated with L → Y(1) 

▪ Some counties were not treated with L → Y(0) 

Then use the trained model to estimate the counterfactuals for each C

▪ Estimate Y(1) for the untreated counties 

▪ Estimate Y(0) for the treated counties 



Algorithm

1. Choose a law L

2. Identify counties with and without L → Lactive and Linactive

3. Pick a time interval and compute death rate differentials

4. Train BART model, estimate counterfactuals                                                            
→ yields a complete set of Lactive and Linactive

5. Test statistical significance (several tests) 

6. Compare distributions of Lactive and Linactive

to gauge L’s effectiveness 

Problem: The US is too heterogeneous in X
to reach statistical significance for most/all 
L



Solution: Test Law on Carefully Selected Subgroups of Counties

Problem: There are an infinite number of county subgroups → tedious to find

Solution: Use pattern mining to identify promising county subgroups that 
associate with death rate differentials that (on average) are lower (or higher) than 
the global average 

▪ Not necessarily geographically connected

▪ Formed by combination of intervals of some X and possibly Ls

▪ Fall into a hyperbox in the high-dimensional                                                                 
space formed by all X and Ls



Result: for Naloxone Use

Subgroup: urban counties

Law: Pharmacist-dispensing-
method_Standing order

→ Pharmacists are allowed to dispense 
or distribute naloxone without a patient-
specific prescription from another 
medical professional 

When the law is active the mean opioid death 
rate differential is 43.43 whereas it is 62.22
when the law is inactive.



Another Result: for Naloxone Use

Subgroup: urban counties

Law: Pharmacist-dispensing-
method_Protocol order

→ More restrictions for pharmacists to 
provide naloxone

When the law is active the mean opioid death 
rate differential is 51.10 whereas it is 44.06
when the law is inactive.



Legal-Epi-Explorer: An Interactive Visual Dashboard for Practical Use

Legal-Epi-Explorer allows analysts to

▪ Test laws if they’re statistically significant (and effective) for a 
subgroup of counties 

▪ Save valuable laws to a database along with the associated subgroup 
definitions → we call it a pattern

▪Obtain recommendations on possibly effective laws for a selected 
county with the ability to fine tune the subgroup definitions 





Choose the treatment (in this case, a law) from the database



Choose an associated county subgroup from the database



Every treatment (law or other intervention) will be 
converted to a binary value (on/off). Specify the value/range 
for active (treated) and inactive (control) level.

Play with the sliders to adjust the subgroup 
definition before BART-based testing.

Number of counties with and without the 
law in the selected subgroup, also 
highlighed on the geomap 



Once the parameters are confirmed, click the 
Run Analysis button to check the effectiveness 

of the treatment using BART.



The BART-inferred potential outcomes for all counties in 
the subgroup, visualized as a histogram. The law passed all statistical tests



Feature importance plots with value histograms



Pick a county of within the 
subgroup from the GeoMap The county’s  attribute values 

visualized as red markers

The selected county’s potential outcome

Check the laws effectiveness for a specific county

Law is effective: Death rate 
is 67.96 with law in place 
vs. 79.40 when not



Save this pattern to 
the database



Recommendations: Find the Law That Best Fits Your Specific Community

Often laws are incompatible with a community’s socio-economic profile 

▪ Can lead to friction, non-compliance, or plain ineffectiveness 

▪ It’s therefore important to find the right law for a given community 

As Legal-Epi-Explorer learns more patterns 

▪ It can use its knowledgebase to recommend laws to local 
policymakers 

▪ Laws with high prospects of fitting the local socioeconomic profile 



Recommendation Mode



Select a county of interest

County is not in this subgroup

Subgroup 
contains 
this county



County of interest
Slightly out of 
the subgroup

The county is not part of the group of counties where the ‘Goodsam Cs - Charge’ law is effective 



County of interest Expand the group’s range 
to include the county

Then test for 
effectiveness 
– law is effective!

User finds that this law can be generalized to a larger 
subpopulation (now including the county of interest)



Save this pattern 
to the database



Conclusions

As more patterns are identified Legal-Epi-Explorer gets better at recommending

▪ Can spare local communities from ill-fitting health policies

▪ Important especially since it takes several years to see what works and what not

▪ Learn from the experiences of other communities and contribute your own  

Public health laws are not the only interventions that can be tested 

▪ Socioeconomic “treatments”, like better schools or food environments, can also be tested within 
the dashboard, for any outcome variable

Legal-Epi-Explorer runs on a hosted server for platform independence 

▪ Development is ongoing 



Please take this survey to evaluate conference sessions.



THANK YOU



Why Can BART Estimate Causality? 

Enables counterfactual prediction: BART models outcomes flexibly by 
combining many weak trees

Great for heterogeneous treatment effects: BART can estimate CATEs 
smoothly across subgroups of 𝑋; captures nonlinearities and interactions

Full posterior: gives credible intervals (uncertainties) for CATEs (as 
opposed to causal forests)



When Can BART Estimate Causality?

Consistency: all treated counties received the same treatment → law L
must be well defined

Unconfoundedness (Ignorability): no hidden confounders → include a 
comprehensive set of covariates X with domain expertise

Positivity (Overlap): every county has some chance of receiving 
treatment and control → no law L is inherently impossible for county C


