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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:

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



Recent / Current NC Linkage Projects

e MVC-Deaths*
MVC-ED

MVC-Medicaid

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



Core Concepts
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Methods

Methods

o Deterministic Many relevant methods and
o Probabilistic variations, but on our projects
o Fuzzy we've often prioritized:
o Supervised / Unsupervised, Test-Train

_ . e More transparency
o Hierarchical e Less complexity
o Blocking (N x M comparisons) e High quality
o ...Pros & Cons (Black Box vs. Control) e Human supervision

e Sustainable methods



MVC-ED-Death Linkage




MVC-ED-Death: Linkage Entity

Crash

Rows are...
person-vehicle-positions

Death ED

Rows are... Rows are...
individual people, single  visit “steps” or fragments

death events

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

Anticipated
match space.

Crashes
832,058 (100)

Non-fatal
830,590 (99.8)

Fatal
1,468 (0.18)
-

Death Certificates
94,867 (100)

MVC-related Non MVC
1,652 (1.74) 93.211(98.3)




MVC-ED-Death: e

Linkage Entity / - 5,084,987 (100)
Anticipated
Ta I'g et match space. MVC-related Non MVC
150,200 (3.0) 4.934w (97.0)
——
MVC-ED g <) —{> Al
2 r B
Expecting maybe... w0

80,0007

Harder to tell than
MVC-death

Crashes
832,058 (100)

Not-Severe
796,551 (95.7)




MVC-ED-Death: General framework

actually two
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MVC-ED-Death: Harmonization

Variable Table

Age in years
oge in integer years

Date of Birth
Month-Day foctor

Gender
M/F foctor

Race-Ethnicity

Harmonized Variable

NA

Variables & Cleaning / Recoding notes

Crash

orsh_id, vabpos, pernum

Death

age, agetype

ED

3ge

NCTR

TraumaRecord Ordinaly

Unique 1D for each
dataset. Create if
necessary

vid_crash_veh_per
Note: still seem t0 be
S duplicate UIDs

non-year (month, day
hour, minute) are
calculated in years
and rounded 10
integer

Unique id for each person-
event Unks all NCTR tables
together

I_age_num

age, agetype

CalcAge

Drop ages < 0 or greater
than 120 Promote '0"t0 1
year old, Function
get clean_age_num

noa-year (month, day,
hour, minute) are
calculated in years
and rounded 10
Integer

Calculated based on
ED/hospital arival date and
birthdate. No constraints
QC checks: ages<0or>120
formatnn.n

| dob date

Hob_yr, dob_mo, dob_d

Birthdate

Cannot be > today
Dropping (as missing) any
Jan 1 or year 1900 DOBs

QC check: if >oday

| dobmd fct

fob_yr, dob_mo, dob_d

Birthdate

(same drops 3s above)

| gender fct

sex

Gender

Male or female only

M/F/blank, Blanks and
values other than M/F are
reported in QC reporn

|_raceeth fct

racer, hisp

]xmsc , ethnicitydes

Race, Race2, Ethnicity




MVC-ED-Death: Distance & Direction

Note the same data
can be represented scaling can
multiple ways: be important
Date of death as date, m here
as string (to catch

exact match, etc.
County can be exact
match (factor), string -
distance, spatial m
centroid in miles, etc. mm




MVC-ED-Death: Linkage approaches

(Tree-based distance classifiers)

=) d_dod_date < 3
[ non-match ]
I 1797 / 3'099 ]

d_dob_date < 2 W d_rzip5_str<1

match non-match
1250 / 1342 1705 / 1757
43% d_rzip5_str< 2 d_dob_date <1 57%

non-match @

87/ 106 [ 37/72
. 3% i RS
_age num <1 d_dobym_str >= 12 d_event_date >=
match non-match match
16/18 85/88 36/ 61
1% 3% 2%

d_age_num <

match match non-match non-match
1231/1236 2/2 23/31 17/30 0/1 67011685
40% 0% 1%




MVC-ED-Death: Linkage

approaches

(Linksolv / Probablistic Linkage)

- Prepare Data

Manage Project (New) > Prepare Data (New) > Standardize ? ‘ ‘@

O]
\

Prior steps must be complete before you Standardize

1 Link to Tables | 2 Select Input | 3 Review Input | 4 Standardize | 5 Review Std | 6 Test Values

1st Input Field 2nd Input Field
Age |
BirthDate |w
BirthDate | v ||CrashDate
BirthDate |
Bir hiDale
Collide
CrashCounty
CrashDate
CrashTime
CrashTime
CrashZip =
Record: [I4) 4 [ 1 [ Jp1]pk]of 15

Standar |
dize

Std Method Std Option Output Field
StdAge | StdAge v |/StdAge
Stdpirth StdBirth v || StdBirth
Stdsirth ~ | StdDobAge | v | StdDobAge
- | Stdirth ~| Stdpobd [~ | StdDobD
~| SwWbubM |+ | StdDubM
v Collide1
'ﬂ StdCopy CrashCounty1
Stdbate | v || StdDate
x| StdHour StdHour
~ | StdTime StdTime
g v CrashZip1

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

lterative (recursive)

Process.

. 1. Join on
Make the best links you
can, remove those IDs, then
9 quset A&B 2. Filter on
make the next best links passed
you can... etc.

Linkage
Command
Table

(Csv)
4, Pass
known links 3,,:,: ﬁ:::
to self
Known links
(NULL)




MVC-ED-Death:
Cascade Linkage steps

Demo Cras esid. ¢
e Deterministic Bac(®) | Eaa® |
di llowed [
e Fuzzy (distance allowed) =
e 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 14 v | ot

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

link_id

|_dob_date

link_name
1 Exact: completely matching
2 Place-2: Drop R city, Rzip
3 Place-2: Drop R city, C county, R county
4 Demo-1: drop race
5 Crash-1: crash pos
6 Crash-2: crash & crash pos
7 Date-1: Day 30 away
8 Place-Max: Just states, crash pos, date+1
9 Demo-Max: Age only
10 Crash drop fatal/severe, date 30 days
11 Demo-Max: Age only, crash flex
12 Crash drop inj/crash
13 Date-Max: No date, MD match, near ccount 0
14 Date-Max: No date, MD match, near ccount NA 0

2

2
CCPOPOOOOCOOCOO

oroMOoOOOOOOGO o l-2enm

|_dobmd_fct

cocCcCoocPOoOOCOCOOCOCOCO

e_lgl

cstate_fct

2
cooco®P oo oo o llisrashlgl

cocooocooo o lsen
>Pococooco®ooo e
coococooo o

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

N
0 O|NA ONA
0 O|NA NANA ONA
0 O] ONA ONA NA

(=]
OOOOOOOOOOOOI—-

ONA| 0 0O O ONA[NA NA NA NA NA |[NA NA| :

|_acc_date

(=3 =l = « 3 =)

ONA| 0 0O O ONA[NA NA NA NA NA |[NA NA| 30

accmd_fet

cococoool




MVC-ED-Death: Accuracy

e Good (true) links, bad (false) links, missed links

e Supervised: Comparison to gold standard (or a sample in case of ED)

e Hand review and comparison tables really help understand quirks & special
cases

Total Hand Total Links True Links False Links Missed Links
Link Method Linked Found N % N % N %

linksolv
cascade
RPT (old)




MVC-ED-Death:
Accuracy

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

Four way Venns technically exist... But
eek!

Crash-Death Pair Venn Diagram

cascade rpt
linksolv 2 20 hand_review
(0.13%) (1.32%) ~
0 3 15
0.2% count
(0%) (0-2%) = (0.99%) .
0 35
6 (0%) (2.31%) 33 900
0 .(79;-26% o4 o
(0%) 29 111 (1.59%)
(1.92%) (7.33%) 0
36
(2.38%)

Includes 1,483 hand reviewed true matches, 1,382 Linksolv
matches, 1,302 recurisive partitioning tree matches, and
1,375 cascade matches



MVC-ED: Changing Definitions

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

e ED linkage is WIP (finishing this month)...
e ..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



Thanks!

Mike Dolan Fliss, PhD, MPS, MSW
mike.dolan.fliss@unc.edu
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