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○ Cascading linkage : MVC-ED-Death Linkage (Mike)

● Questions & Discussion!



Why Link (in very short)

● Silos of public health systems in NC
● Relevant data fields only available elsewhere
● Implications for understanding data collection / coding / quality differences
● Up or downstream events in time
● ...etc. many meaningful and justifiable reasons!

Ultimately: 

● Compelling public health surveillance purposes. 
● Aim for actionable insights, since linkage can be time and cost consuming.



Recent / Current NC Linkage Projects

● MVC-Deaths*
● MVC-ED

● MVC-Medicaid
● MVC-NC Trauma Registry
● MVC-NCHA hospital encounter
● MVC-EMS



Core Concepts



Methods

● Methods
○ Deterministic
○ Probabilistic
○ Fuzzy
○ Supervised / Unsupervised, Test-Train
○ Hierarchical
○ Blocking (N x M comparisons)
○ ...Pros & Cons (Black Box vs. Control)

Many relevant methods and 
variations, but on our projects 
we’ve often prioritized: 

● More transparency
● Less complexity
● High quality
● Human supervision
● Sustainable methods



MVC-ED-Death Linkage



MVC-ED-Death: Linkage Entity

Crash

Rows are... 
person-vehicle-positions

Death

Rows are... 
individual people, single 
death events

ED 

Rows are...
visit “steps” or fragments

De-duplication / clustering / 
self-linkage would help here. 
Combine records. 



MVC-ED-Death: 
Linkage Entity / 
Target

MVC-Death

Expecting ~ 1,500-1,600 
valid matches a year



MVC-ED-Death: 
Linkage Entity / 
Target

MVC-ED

Expecting maybe… 
80,000?

Harder to tell than 
MVC-death



MVC-ED-Death: General framework

actually two 
separate 
linkages, but 
same 
process and 
linkable 
afterward



MVC-ED-Death: 
Candidate 
Linkage Fields / 
Data quality



MVC-ED-Death: Harmonization



MVC-ED-Death: Distance & Direction



MVC-ED-Death: Linkage approaches
(Tree-based distance classifiers)



MVC-ED-Death: Linkage 
approaches
(Linksolv / Probablistic Linkage)

See: 

● Shlomo N. (2019) Overview of Data 
Linkage Methods for Policy Design and 
Evaluation. In: Crato N., Paruolo P. 
(eds) Data-Driven Policy Impact 
Evaluation. Springer, Cham

● Handbook for Data Linkage

● etc.



MVC-ED-Death: Linage approaches
Cascade

Iterative (recursive) 
process.

Make the best links you 
can, remove those IDs, then 
make the next best links 
you can… etc.



MVC-ED-Death: 
Cascade Linkage steps

● Hierarchical 
● Deterministic
● Fuzzy (distance allowed)
● Cascade (shrink as you go)

Less “push button” but very 
transparent (not a black box). Very 
fast, relatively easy to implement 
and investigate. Know why every 
match was included. Wrote a 
function in R to read a command 
csv file. SAS macro in the works.



MVC-ED-Death: 
Cascade Linkage steps

● Current R method - read an 
easy to read excel file as the 
“commands” for linkage

● Can also be implemented in 
SAS, SQL, or otherwise as a 
series of standardized steps



MVC-ED-Death: Accuracy

● Good (true) links, bad (false) links, missed links
● Supervised: Comparison to gold standard (or a sample in case of ED)
● Hand review and comparison tables really help understand quirks & special 

cases



MVC-ED-Death: 
Accuracy 

Basic diagrams (especially with 
hand-review) can help clarify linkage 
progress

Four way Venns technically exist… But 
eek!



MVC-ED: Changing Definitions

● Linkage criteria change for each linkage - similar but different!
○ E.g. date distance must be much closer (~0-3 days)

● ED linkage is WIP (finishing this month)...
● ...but preliminary cascade linkage shows tens of thousands of strong 

links each year, and comparable linkage quality to our LinkSolv runs.



Next Steps

● Continue to refine & finish up (this month) our linkage
● Document areas for improvement for the future
● Use the linked datasets for meaningful questions!
● Spread lessons learned to other linkage projects
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