New metrics for assessing linkage quality in
deterministic record linkage of health databases :
supplementary material

sex code associated with the birth date (month/year)
death date (day/month/year)

postcode (no associated date)

hospital identifier 4+ entry date (day/month/year)

ZiHlQ|d®w

marker event (day/month/year)

Table S1: Variables of synthetic datasets. Omitting the day for variable S is on purpose here in order to mimic
SNDS regulatory rules that don’t allow to have full knowledge of this variable. Variable C is the only one without an
associated date.

residency postcode

date of discharge

first scanner

Table S2: Linkage variables for the Brest Stroke Registry (left) and the Artome trial

second scanner

s gender, YOB and MOB

d date of death
E date of hospital entry -

R | first radiotherapy
U date of emergency entry —

R last radiotherapy
N | gender, YOB and MOB

C first chemotherapy
n gender and YOB

C last chemotherapy
D date of death - -

P first planification
d year and month of death -

F first PET
d year of death
G F second PET
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Figure S1: Results on synthetic datasets : computer runtime (seconds)



(%5z) 91 (%08) 2ST | (%¢€9) ¢6¢ € (%08) OFT T (%9) 028 8 (%0€) 000 987 oreIN
(%61) 2 (%08) 879 | (%%9) 0F7€ ¢ (%02) 098 ¥ (%¢) 099 L (%09) 000 828 o[ewa]

(%) u ‘yyeaq
L10¢/e1/1€ | €108/51/1¢ | €102/c1/1¢ L108/31/1€ ¥102/21/1€ L10%/c1/1¢ xeuw
¥10¢/21/10 | 1102/10/10 | 6002/10/10 0102/10/10 8002/10/10 0102/10/10 uru

9jep jusAe Xopufy
6T 1D 70 e 9°T ¢ €0 :¢D 91 :ed 70 9V
0°C ‘¥D 70 vd LT %A €0 WD LT vd A A
¥ €D 70 €l 1°C € 70 €D 1°C ed 70 '€V
gL T 70 ol 69 zd 70 ©¢D 69 ¢d 70 TV (%) Aouenbeyy g doj,
0°9T :ID 90 ‘1d 16T ‘1 90 '1D 1°¢1 1d 90 TV un [eorydeisSoon)
(%9¢) 98 | (%18) 018 | (%9¢€) 009 € (%18) 00€ 7T (%19) 000 €5T | (%97) 000 0SE T (%) u ‘orewag
68 — ST 68 — 81 68 — 81 68 — 81 68 — 81 68 — 81 Xew-uru
6CIF9TI | 9CTFFIS | 0°CTFOBY GCTF1°09 99T FL'LV T'TTF9°99 STeIN
68 — 62 68 — 8T 68 — 92 68 — 81 68 — 81 68 — ST Xeur-urur
9TTFT1'99 | LGTFTOS | 0°0TF0FL GTIFI09 7 LT F9°0S GTIFI109 o[ewoq
a3y
00T 000 T 000 OT 000 0€ 000 00€ 000 000 € IoquINu SpIoddY
(L) Aury, | (S) mews | () wmipejy | (1) ojerpawtejuy | () oSreq (H) °8nH oureN]
sjasejep [[ews sjasejlep WINIPOJAL sjosejep adJte| So1)SLI9ORIRY D)

descriptive statistics

Table S3: Synthetic datasets :



Factor Parameter | Estimate = SE | P value If{elat‘lve
raction
—.0061 £ .0001 .0001 0.9939
Size/ratio 1 vs. 3 (size and ratio) o <
B1 .0000 = .0000 0.2661 1.0000
—.0025 + .0001 .0001 0.9975
Size/ratio 2 vs. 3 (size effect) a2 <
B2 —.0004 + .0001 < .0001 0.9996
—.0053 + .0005 .0001 0.9947
Size/ratio 4 vs. 3 (ratio effect) o3 <
53 .0000 £ .0000 0.3231 1.0000
.0000 £ .0001 0.7070 1.0000
Overlap 80% vs. 100% o
Ba —.0003 + .0000 < .0001 0.9997
as .0000 £+ .0000 0.1573 1.0000
Error Death error vs. no error
Bs .0000 = .0000 0.9999 1.0000
L. ag .0000 = .0000 0.1573 1.0000
Death missing vs. no error
Be .0000 = .0000 0.9418 1.0000
ar —.0354 £+ .0001 < .0001 0.9652
Event date error vs. no error
Br .0000 =+ .0000 0.1504 1.0000
L. asg —.0001 £+ .0000 < .0001 0.9999
Event date missing vs. no error
s —.0004 + .0000 < .0001 0.9996

Table S4: Synthetic datasets : Univariate regression analyses of recall («), and precision () for combinatorial al-
gorithm. Association estimates between pre-specified factors and recall (parameter «;) or precision (parameter [3;)
through generalized linear models (binomial distance and log link) applied to datasets simulation (30 replicates by
scenario) linked by the combinatorial algorithm using four variables: date of birth (MM/YYYY) combined with sex,
postal code, date of index event, and date of death. There were four scenarios combining dataset size and ratio (scenario
1: Huge-Intermediate size / ratio 100:1, scenario 2: Large-Medium size / ratio 30:1, scenario 3: Intermediate-Small
size / ratio 30:1, scenario 4: Medium-Tiny size / ratio 100:1), different measurement error rates (dataset with clean
records or with 5 % of corrupted records with two types of error: missing value or error defined as adding two days to
some dates ; and applied on two variables types (death date or marker event date), and two overlap level: 100% (i.e.
no missing records in the target database) and overlap of 80% (80% of the source database in the target database).



Variable Coefficient | Liberal p
Intercept 0.3042298 < .0001
Size/ratio 2 vs. 1 (ratio effect) —0.7555905 < .0001
Size/ratio 3 vs. 1 (size and ratio) | —5.0855437 < .0001
Size/ratio 4 vs. 1 (size effect) —17.0456295 < .0001
Overlap 80% vs. 100% 0.1702417 < .0001
Death date error vs. no error 0.0032890 0.7390
Death date missing vs. no error 0.0091282 0.3551
Event date error vs. no error 0.0286600 0.0037
Event date missing vs. no error 0.0375838 0.0001

Table S5: Synthetic datasets : Multivariate linear regression model with a log-transformation of runtime. Associa-
tion estimates between pre-specified factors and computational performance (log-transformation of runtime) through
multivariate linear regression model applied to datasets simulation (30 replicates by scenario) linked by the combina-
torial algorithm using four variables: date of birth (MM/YYYY) combined with sex, postal code, date of index event,
and date of death. There were four scenarios combining dataset size and ratio (scenario 1: Huge-Intermediate size
/ ratio 100:1, scenario 2: Large-Medium size / ratio 30:1, scenario 3: Intermediate-Small size / ratio 30:1, scenario
4: Medium-Tiny size / ratio 100:1), different measurement error rates (dataset with clean records or with 5 % of
corrupted records with two types of error: missing value or error defined as adding two days to some dates ; and
applied on two variables types (death date or marker event date), and two overlap level: 100% (i.e. no missing records
in the target database) and overlap of 80% (80% of the source database in the target database). The above statistics
were not adjusted for the fact that the dependent variable was log-transformed and so are generally liberal.

Variable | Description Of:currences (0] ccurrences Information
in target in source usage (%)
E date of hospital entry 3680 3803 96.8
U date of emergency entry 3285 3465 94.8
N gender, YOB and MOB 3786 3803 99.6
n gender and YOB 3791 3803 99.7
D date of death 1934 2175 88.9
d year and month of death 1999 2175 91.9
d year of death 2013 2175 92.6
G residency postcode 3620 3803 95.2
S date of discharge 3513 3726 94.3

Table S6: Information usage per variable for the Brest Stroke Registry project



ekl | Desmdiion Of:currences Of:currences Information
in target in source usage (%)
s gender, YOB and MOB 127 127 100.0
d date of death 28 29 96.6
R first radiotherapy 125 127 98.4
R last radiotherapy 108 124 87.1
(@] first chemotherapy 114 127 89.8
C last chemotherapy 101 126 80.2
P first planification 93 120 77.5
F first PET 93 97 95.9
F second PET 94 97 96.9
F first scanner 104 108 96.3
F second scanner 102 108 94.4
E hospital 126 127 99.2

Table S7: Information usage per variable for the Artome trial project

Nb missed | Linked Linkage
variables pairs Azl percentage

0 3058 3058 76.7 %

1 414 3472 87.1 %

2 117 3589 90.1 %

3 198 3787 95.0 %

4 15 3802 95.4 %

5 1 3803 95.4 %

Table S8: Linkage percentage per number of missed variables for the Brest Stroke Registry project (denominator =
3985)

Nb missed | Linked Linkage
variables pairs el percentage

0 61 61 47.3 %

1 41 102 79.1 %

2 18 120 93.0 %

3 4 124 96.1 %

4 126 97.7 %

5 1 127 98.4 %

Table S9: Linkage percentage per number of missed variables for the Artome trial project (denominator = 129)



robustness

o(x) a(y) 0 1 2 3 4 5 | total

1 EUNnDddGS | ......... 10 76 396 901 80 1463
2 ....Ddd. 4 82 48 138
3 L 1 20 50 10 81
4 ] e S 13 49 7 69
5 ..D... 1 18 23 2 44
6 | | G. 2 7 17 2 28
7 .Dd. .. 2 7 2 11
8 E...... GS 1 6 8
9 ..Nn.... 7 1 8
10 ....Dhdd.s 2 8
11 EU..... G 7 7
12 .U..D.. 5 2 7
13 .U..Ddd 2 4
14 E...... G. 2 1 3
15 ....D...S 1 1 1 3
16 U..... G 1 1 2
17 [ U S 2 2
18 .Nn....S 2 2
19 NG 2 2
200 e GS 2 2
21 EU..... GS 1 1
22 U..Dd. 1 1
23 .NnD. .. 1 1
24 DddG 1 1
25 .Dd..S 1 1
26 | EUNn...GS | ......... 3 707 661 2 1409
27 U, 16 53 74
28 | e S 26 35 61
2 ] e G. 8 14
30 S | P 2 2
31 E...... GS 1 1
32 E...... G 1 1
33 U, S 1 1
34 Lo GS 1 1
35 | E.NnDAdGS | ......... 3 18 86 15 122
36 E...... GS 25 3 29
37 E...... G. 1 16 1 18
38 ] e S 2 12 3 17
39 .Ddd. 1 6 9
40 ..D.... 5 1 6
5 (e G. 1 4 5
42 | e GS 2 2
43 E...DddG 1 1
44 .Nno..... 1 1
45 NG 1 1
46 .Dd. . 1 1
47 ....DddG 1 1
48 | E.NnDddG. E...... G 31 22 53
49 | e 2 5 1 8
50 ..D.. 1 2 3
51 E...D..G 1 1
52 | E.Nn...GS | ......... 4 1 7 46
53 | e S 2 2 4
54 | | oo GS 1 1
55 | ] e G. 1 1
56 | E.Nn...G. | ......... 3 3 6
57 | | ool G. 2 2
58 | EUNn...G. | ......... 1 3 4
total 165 1056 927 638 937 80 3803

Table S10: Linkage cartography for the Brest Stroke Registry project after filtering by the expert. The filtering was
carried out with the help of another variable A (ICD-10 codes for stroke like 160 for instance) that does not appear
here. Actually, the purpose of the linkage was to have a gold standard with the registry for surely detecting strokes,
and then to develop an algorithm for detecting stroke events in the SNDS. The variable A was thus not used in the
linkage in order not to interfere with the stroke detection algorithm but was useful to validate some links with poor

information in their target signature.




robustness

o(x) a(y) 2 3 4 5 6 total

1 s.RRCCPFFFFE | ............ 2 1 16 12 31
20 | oo Covvnn 2 4 2 8
3] e P..... 2 3 3 8
4 ..R..P..LL. 2 2
5 .RR..P..... 1 1
6 ..R...F 1 1
7 .CCPF 1 1
8 .CC...... 1 1
9 .C.P..... 1 1
10 ..Cooll F 1 1
11 LCollll 1 1
2y ] CP..... 1 1
S C...FF. 1 1
) FFFF 1 1
L O, F.. 1 1
16 sdRRCCPFFFFE | ............ 2 4 9
17 LColn 1 1 2
< F. 2 2
19 decoaooae, 1 1
20 .CC...... 1 1
21 ] e, CPFF.F 1 1
2 | o CP..... 1 1
23 o Covvnn 1 1
24 s.RRCCP..FFE | ............ 1 1 4 6
25 e P..... 1 2 1 4
26 LRooo 3 3
27 ..CC...... 1 2 3
28 ..R..P..... 1 1
29 Reoll, E 1 1
301 | oo C...F.. 1 1
3t | Covvnn 1 1
32 | e F.. 1 1
33 s.RRCC.FFFFE | ............ 1 2 2 5
2 Covn 1 1
35 | s.RRCCPFF..E | ............ 1 2 1 4
36 T S 2 2
37 .R.CP..... 1 1
38 .R..P..... 1 1
39 | oo P..... 1 1
40 sdRRCCP....E | ............ 3 3
41 Rl 1 1
42 (e P..... 1 1
43 sdR.CCP....E | ............ 2 2
44 sdRRCCPFF. .E ...CC...... 1 1
45 | sdRRCCP..FFE .RR..P..... 1 1
46 .CC...... 1 1
47 sdR.CCPFF..E | ...... P..... 1 1
48 s.RRCC.FF..E | ............ 1 1
49 s .RRC.PFFFFE Reooool 1 1
total 14 35 22 29 24 127

Table S11: Linkage cartography for the Artome trial project




