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Identifying pregnancy episodes and estimating the last
menstrual period using an administrative database in
Korea: an application to patients with systemic lupus
erythematosus
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OBJECTIVES: This study developed an algorithm for identifying pregnancy episodes and estimating the last menstrual period
(LMP) in an administrative claims database and applied it to investigate the use of pregnancy-incompatible immunosuppres-
sants among pregnant women with systemic lupus erythematosus (SLE).

METHODS: An algorithm was developed and applied to a nationwide claims database in Korea. Pregnancy episodes were
identified using a hierarchy of pregnancy outcomes and clinically plausible periods for subsequent episodes. The LMP was esti-
mated using preterm delivery, sonography, and abortion procedure codes. Otherwise, outcome-specific estimates were applied,
assigning a fixed gestational age to the corresponding pregnancy outcome. The algorithm was used to examine the prevalence
of pregnancies and utilization of pregnancy-incompatible immunosuppressants (cyclophosphamide [CYC]/mycophenolate
mofetil [MMF]/methotrexate [MTX]) and non-steroidal anti-inflammatory drugs (NSAIDs) during pregnancy in SLE patients.

RESULTS: The pregnancy outcomes identified in SLE patients included live births (67%), stillbirths (2%), and abortions (31%).
The LMP was mostly estimated with outcome-specific estimates for full-term births (92.3%) and using sonography procedure
codes (54.7%) and preterm delivery diagnosis codes (37.9%) for preterm births. The use of CYC/MMF/MTX decreased from
7.6% during preconception to 0.2% at the end of pregnancy. CYC/MMF/MTX use was observed in 3.6% of women within 3
months preconception and 2.5% during 0-7 weeks of pregnancy.

CONCLUSIONS: This study presents the first pregnancy algorithm using a Korean administrative claims database. Although
further validation is necessary, this study provides a foundation for evaluating the safety of medications during pregnancy using
secondary databases in Korea, especially for rare diseases.
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pus erythematosus systemic
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Pregnancy Outcomes Definition
Stillbirth (KCD-7 code only) Z371, 72373, 2374, Z376, 2377, 0364
R313, R3131, R3133, R3136, R3138, R314, R3141, R3143, R3146, R3148, R435, R4351, R4353,
R4356, R4358, R436, R4361, R4362, R438, R4380, R450, R4507, R4508, R4509, R451, R4510, R4514,
Delivery (Procedure code only) R4516, R4517, R4518, R4519, R4520, R4522, R500, R5001, R5002, RA31, RA311, RA312, RA313,
RA314, RA315, RA316, RA317, RA318, RA36, RA361, RA362, RA38, RA380, RA43, RA431, RA432,
RA433, RA434

Abortion (KCD-7code only) 001, 002, 003, 004, 005, 006, O07, O08
Induced abortion (KCD-7 code) 004
(KCD-7 code or procedure code)  (procedure code) R4452, R4456, R4457, R4458, R4459
Spontaneous abortion All abortion episode without codes indicative of induced abortion
1. Identification of pregnancy outcomes Ex) -
. )kH_f(Stlllblrth) KCD-7 RT3 E =8
Pregnanc Outcome .
Delivery Rerson/D oufcomey date s ° *I-(Ab P L e = =

&= 4
. o Qgé. . 10010 Abortion 2016-07-01 1

o
T
Abortion Stillbirth 10010 Abortion 2016-07-30 2 . _E_ IIZI_I-( Delive ry) A | % e §I-%

10010 Delivery 2016-10-15 3

10010 Stillbirth 2016-12-09 4

10010 Stillbirth 2017-02-01 5

10010 Delivery 2017-02-15 6

10010 Delivery 2017-06-17 7
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2. Construction of pregnancy episodes in each pregnancy outcomes

Ol O 247 (= k|
= S NIt of2] JH AlME|H
- . . Person Pregnancy Outcome Episode within o |A 74 = = O x-l o E_ ;
wa @ B | e | s e AMADE J|=0 2 o2l Hol=l 7|2t
10010 Abortion 2016-07-01 1
ol O 24 HD4{x= (@)
1UU LU Abortion ZULb-U/-35U < pAS) L|.|0lI| % E Dlﬂ E:l_l-jl- Ejd EI %'T x1|9'|
Abortion 10010 Delivery 2016-10-15 2 123<
56 days 10010 stillbirth | 2016-12-09 3 - ‘IQF|*_|- 56|OEI
16610 Betivery 2017-02-15 6 123 24501 - *|'|*_|' 1 68?2I
stillbi Q 10010 Delivery 2017-06-17 4 245 =
tillbirth
168 days - _E_?_l' ’I 8ZOEI
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3. Hierarchical approach to resolve overlapping episodes of different pregnancy outcomes

Before
LSS ; i ; Person | Pregnancy | Outcome . o = (@] A = (@] A O
Aarlon ) Stglrth DeI:ery ID outcome date Episode | Priority (*l-IA_I- > T'__Il:l_l- > '|T|*_I- T'__*-IE D:HBxﬁ-I TtI‘I’l)
10010 Abortion 2016-07-01 1 3 _ Dl_-lx-l *H—I_% j |‘i‘9§ O I'E-H EO'” xo_l_(.)_lEl_I 7 |?_I'
stillbirth>Delivery> Abortion — — - - > 552
& 1000 | stlbith | 20161209 [ 2 1 L A= 20F QA 271 |2
ibodfion ® @ 10010 Delivery 2017-06-17 3 2 o mnto =6 OAF 47
154 days 70 days - |-E = / |T'__—E T EJ—l' X‘”Ql
" " B, 32 oI ACO| O3t AYTO S EfTSH |2t Ho|
Delivery <« &
168 days 182 days Mall QoA E 2= 0oAs X212t
Stilbirth>Delivery> Abortion =0f AfLF 168%
Abortion @& < @ E":"E’L 7‘73'7&‘ 7OOEI
1684
2y AfpF =of 182%
After A et /0%
Abortion Stillbirth Deliver
> g 24t 2ot 168
24 At 1542 w
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v 2t A0 ol U4S UNZEIA e XSIP|ISURLE] QO HAKI0] LMP £H
v ASTOIFC IAXRICHHE QANSTE &8
Observation window: 12 weeks
« > _
J EB513 EB517 06031 Delivery R4441 SB AB
|Cj - - > 4 : >
Observation window: 35 weeks Observationwindow: 12 weeks

v AB procedure code: Subtract the midpoint of range of GA described in the code from the outcome date

v PB code: Subtract the midpoint of range of GA described in the code or 35 weeks from the outcome date

v Ultrasound code: Subtract the midpoint of trimesters described in the code from the service date
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1= =
0 sn JH 0 zw 9 s LMP 3734
@ Hierarchy of LMP estimation method A i SH%9) == o’
AhRE7 B
AB o]lﬂ}i_o_]jr 3 |E9471,EB511, EB512 Zo9 dx-494
- - =2 v
Priority Ultrasound code PB code 1 AFE 7]
procedure code = m‘f;_o_j} 2 |E9473, EB513, EB514 50 Ax-87.54
(o= =]
2nd-3rd . .. All related = o
First . With specific GA o | 273 4 E9472, EB515, EB51 Z3 dA-196Y
trimester TS P procedure code o A5 3} 9472, EBS15, EBS16 % G196
2— 342 7] > O 5 olxl_ o)
Second 1sttrimester TS Without specific GA e I E9474, EBS17, EBS18|  Z&sh AA—147¢
06010, 06030 Wtz -147Y
Third 1st trimester GS i
2nd-3rd a [F8GATE Sl= 1 06011, 06031 Burelx1—196¢)
nd-3r <
Fourth . o
trimester GS - 06012, 06032 EEAF-248.59
= 0601, 06019, 0603
E=Ex = ' ' ' Hulo] 2} — o]
EYGA7F §l& 2 06039 TRk 2} -245
] E [e) /1\_]__
— CA —nu o \ 4= mur R4452 FARAYe AF-289)
oA
LMP < 06031 - Delivery LMP 4———— R4441 —— IX;;T;]‘;} R4441 FARFA AR 424
T g
-(28*7)+1 -(6*7)+1 days "// j‘i zrl:f;rf R4456 AR A -704
o - T
GA A O 1— O )\]_
— T %] 1‘;*;%; 1 R4457 AP 2E-98<]
- T
LMP 4—— EB513 ——— EB517 Delivery 3 2 -gAT
-(12.5*7+1) — / E| 12 o R4442 AP A -1124d
-(21%7)+1 o w8l
(21%7) g_;ﬁ R4458 AR -126Y
O 1= O }\]_
T =TTl
9207 ol A R4459 AR A -1414
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v If none of the codes are available, an outcome-specific estimation method that assigns a fixed GA is applied.

GA
r——-—-—_ ———-...___\

LMP <« AB
———_—'_-/
— -(10*7)+1 days

- AnFEYH
@ {470 = QMI|ZHGestational Age, GA)
@ ARrb 2454 o LMPEE] AlAnIEX|2| 272t
® =27k 280
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Selecting the high priority and smallest GA if multiple GA estimates are available

Original algorithm

Episode Code Estimated GA
Priority Selected GA
06031 196 days First
Delivery EB513 220 days Second
EB517 160 days First v
SB R4441 42 days First v
AB None 70 days None v
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v' Retry period®): Ensures the clinically required duration before a subsequent pregnancy episode can begin
after termination

- : Retry period
Episode 1 Episode 1

é.%} Episode 2 é,%} Episode 2

Ofjm| = Retry period: £ RIS CIAl ARG DEX] 2R3t £| 4212t
=pt 28%
Apit 28%
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Pregnancy Outcomes
Stillbirth (KCD-8 code only)

Definition
/371,72373,72374,7376, 2377, 0364

Delivery (Procedure code only)

R313, R3131, R3133, R3136, R3138, R314, R3141, R3143, R3146, R3148, R435,
R4351, R4353, R4356, R4358, R436, R4361, R4362, R438, R4380, R450, R4507,
R4508, R4509, R451, R4510, R4514, R4516, R4517, R4518, R4519, R4520, R4522,
R500, R5001, R5002, RA31, RA311, RA312, RA313, RA314, RA315, RA316, RA317/,
RA318, RA36, RA361, RA362, RA38, RA380, RA43, RA431, RA432, RA433, RA434

Abortion (KCD-8 code only)

Induced abortion (KCD-7 code or
procedure code)

002, 003, 004, 005, 006
(KCD-8 code) 004

(Procedure code) R4452, R4456, R4457, R4458, R4459
All abortion episode without codes indicative of induced abortion

.I Spontaneous abortion
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Original algorithm Modified algorithm
Priority Ultrasound code PB code AB Priority Ultrasound code PB code AB
procedure code procedure code
First .2nd—3rd With specific GA Allrelated First 1sttrimester TS  With specific GA Allrelated
trimester TS procedure code procedure code
Second 1sttrimester TS Without specific GA Second ‘2nd—3rd Without specific GA
trimester TS
Third 1st trimester GS Third 1sttrimester GS
Fourth 2nd-3rd Fourth 2nd-3rd

trimester GS

trimester GS




20264 CPHRQIF YR H72] FAS=R with
x [ ]
/ YNB|E EFLE 91T 4) AL

A) ASTIAL 7|Z LMP EX ke

B) SAHAM A3 E J|1F LMP 3 uHH 3 =0 T2t 3|2 40|

Y

<2H=1> < UXT|ZH(GA)

32127
£3

F N

i - A= pu +14%= R/ ARLE
P (LMP) Eec
<
=] * FEAH
0y 1147 2285 oain C) 24 HAAE 7|E LMP Y medEiz e
(LMP) HelE
< Y22t >

Fat
Jo
rx
i
Ho
I~
W
F 3
oo
>
]
>
4

ry

< M o . P sor
) TR (LwP) Wiy
0 £14% +28% etz D) &3} 7|& LMP =H Y
(LMP) LT
4 Y132t >
<2H=83>
oY +14F +28F =29
< (LMP) Y
0¥ +14% +285 ey
(LMF) i
<RUefl4>

A

0z +14% +28% dalda
(LMP) EE




2026 OieHQF SR H72] FA A= with

OF IE I.I:I- . HlEH
¢ @dd|s Efg ﬁ:rl4)ﬁ:rlo =
ZA ol AE B}
= Z{HePB)2 =AITZE FR=2 A%E 20| of 12| Z0f| o5 =d
=l GAO|| 2JsHMEE EFR U | E0| Of2l 371X L HAIS AR
= A I
A o= Bk ® S GAYS ZATCES Eolts 20t omA=o 2t 212
=02 XHE| ) C| X|XAHE| O| EHQ| L OlL-TX =]
2 OICkskd QK| 2 oy
\/—’F—’SE'GA%?I* I|01|]1|AEE_'?'_1€T3,I1 = TSI SX|=& BoF
HE| LI ‘agreement’ ™ ‘near
S If, CH2 4l 2Tt HEE THES PLL R = agreement’ m|l 720 ea
O[] oI ACO| Hj2S mo} agreement’, 1=X| ¢{O™ 'disagreement' 2 &%
2——|HIE= o
@ FZue|E0| 2ol 8E 240t + A 2MES SAF(2021-
2022A)2| =7} S4tSH| & 2AtbEnt Hiw
® HPHX| X2OREL HISA U2 247HX| 2l (4!)0]| Ciet
DUE ZA 0F 3




RN St a) Q41 Ol A E0]A HQI/OF & Ol A S (S}4).
A RA eI &} O[T A S (L 2HAH
/YNB|ZEIGE A5 FRBD oo
c) §tHeAB)2= 7t ZRE|0{0F 2 Of| LA (),
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Number of Estimated GA
Pregnancy identified Algorithm
outcome  pregnancy g Median, week < 20week 20-37 week 37-42 week > 42 week
outcomes (Q1,Q3) N (%) N (%) _ N (%) N (%)
Original 37.6 (35.7, 38.9) 39 (0.0)2 [ 181,054 (39.7)® 273,846 (60.0)9 1,218 (0.3)@
Delivery 456,157
Modified 38.8 (37.9, 39.6) 50 (0.0)2 54,462 (11.9)P} 400,646 (87.8) 999 (0.2)
Original 21.6(17.9, 27.9) 1,175 (38.5)9 1,867 (61.2)% 8 (0.3)@
SB 3,050
Modified 21.6 (171, 27.9) 1,241 (40.7)9 1,803 (59.1)¥ 6 (0.2)2
Original 6.9 (5.9, 7.7) 122,297 (99.8)¥ 236 (0.2)2
6.9(5.9,7.7) 122,320 (99.8)¥ 213 (0.2)2

AB 122,533
. Modified
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Delivery

oo El-I:I'E ]I=|7|- I:<I:|' (}_ﬂ- 0-“ E) (N=456,157)
Without PB code With PB code
£ m3lot= 20t ofmlA 381025, 90.7 e
Eg_l _(I)-HEC')l' GA'=|':|‘|-?-|9|- IOEI' With specific GA

(N=14,406, 95.2%) Without specific GA
/\ (N=726, 4.8%)

<ol O|8H XX E| -
e _01 =|0 Original Algorithm Modified Algorithm igi i ifi i

IS0 Slell =52 ; & : Original Algorithm Modified Algorithm Original Algorithm Modified Algorithm
GARQLC| UX|E T} L . i . « »

—l = o ePB cPB ePB ePB ePB ePB
(N=166,119, 37.7%) (N=39,624, 9.0%) (N=14,406, 100.0%) (N=14,404, 100.0%) (N=529, 72.8%) (N=434, 59.8%)
Agreement Agreement

eFB eFB

(N=273,650, 62.0%)

Excluded
(N=1,256, 0.3%)

(N=400,354, 90.8%)

Excluded
(N=1,047, 0.2%)

Total: 454,900 (eFB: 273,846, ePB: 181,054)
Final live births classified by Original algorithm

(N=10,832, 75.2%)

Near Agreement
(N=1,290, 9.0%)

Disagreement
(N=2,284, 15.8%)

(N=13,882, 96.4%)

Near Agreement
(N=447, 3.1%)

Disagreement
(N=75, 0.5%)

Excluded /

(N=2, 0.0%)

eFB
(N=196, 27.0%)

Excluded
(N=1, 0.2%)

eFB
(N=292, 40.2%)

Total: 455,108 (eFB: 400,646, ePB: 54,462)
Final live births classified by Modified algorithm



202614 CHOHLQIF YL H72] SASHATHY] with
ok = ELC ,

/ E_T'_EI = El-ol'E g : 5) g:l'l'ya:lﬂl'
< EPFE "o ety (X4 ofjmAE)

@ T+ g2 0| Qo =gE Ztkas SAE(KOSIS) 2021-2022'F 77t S4kEA 2t H| W

Birth Number of pregnancy episodes
Index identification Total ePBrate(%)® | eSBrate(%o)? eABrate(%)®
i Live birth? ePB eSB eAB
period pregnancy?
Original Feb 27, 2021 580,239 454900 181,054 1,867 123,472 39.8 4.1 21.3
Modified -Dec 31, 2022 580,472 455,108 54,462 1,803 123,561 12.0 39 21.3
KOSIS 2021-2022 - 509,748 48,033 - - 9.4 - -

Abbreviation. KOSIS Korean Statistical Information Service. ePB estimated pre-term birth. eSB estimated stillbirth. eAB estimated abortive outcome.
a) The sum of live birth, stillbirth and abortion episodes.
b) The sum of preterm birth episodes and full-term birth episodes.
c) Preterm birth episodes per 100 live birth episode.
d) Stillbirth episodes per 1000 live birth and stillbirth.

)

E

Abortion episodes per 100 pregnancies.




20264 C{otEOIFZYTIY| X728 FAIEH= R with Ultrasound code priority ePB OB rat
ePB rate
1st GS 1stTS  2nd-3rd GS  2nd-3rd TS N

N
/ OEI-_T'_ E.I % EI-:OI-E g : 5) g 7E:IJ-I_I' 1st 2nd 3rd 4th 243,766 211,294 53.6

eFB

st 2nd 4th 3rd 242,224 212,862 53.2

o Eph TO| HiH (XAOO|AE) st 3rd 2nd 4th 245,269 209,770 53.9
st 3rd 4th 2nd 242713 212,371 53.3

® Y|7HX| Z2OIAE9| A=A M2| Xof 1t ath 2nd 3rd 245271 209768 539
st 4th 3rd 2nd 242,777 212,300 53.3

247tX|(41)8] 24tE0]| T R E &4 2nd st 3rd 4th 57,440 397,655 12.6
2nd 1st 4th 3rd 55898 399,223 123

3rd 1st 2nd 4th 59,910 395,094 13.2

Modified 3rd 1st 4th 2nd 54,462 400,646 12.0

4th 1st 2nd 3rd 59,914 395,093 13.2

4th 1st 3rd 2nd 54,772 400,296 12.0

2nd 3rd 1st 4th 445,853 7,170 98.4

2nd 4th 1st 3rd 445,855 7,168 98.4

3rd 2nd 1st 4th 445828 7,197 98.4

3rd 4th 1st 2nd 445873 7,154 98.4

4th 2nd 1st 3rd 445832 7,196 98.4

4th 3rd 1st 2nd 445,865 7,162 98.4

2nd 3rd 4th 1st 182,274 272,599 40.1

2nd 4th 3rd 1st 182,338 272,528 40.1

Original 3rd 2nd 4th 1st 181,054 273,846 39.8

3rd 4th 2nd 1st 184572 270,138 40.6

4th 2nd 3rd 1st 181,023 273,835 39.8
4th 3rd 2nd 1st 184,564 270,146 40.6
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/ =9

T UN2|E2 20215 28 27Y - 2022'F 128 31Y 454,900 (7 |& Y112|E), 455,108H(+H d
‘HOIE A 221E2| 7|2 Xt0|E Zete [, KOSISO|A 2021-2022'F E11Fl 509, 748H1} IHR FARIYS.

= 1 = O

ol
EX

« DRt J|E LT2|BO02 £HE AF ZAM2(ePB rate)2 39.8%2, KOSISOIA 2021-2022'H H1st 27
A = o =
IT =

9.4% =L Cra

= 8E EUEE2 12.0%= HwH K2 2etas FFoIUeH, KOSISS| =7 AL 68| 2f2h UKD,

X L— =
O]=3(10.4%)2 T MAH|(4-16%)0llM 20 PBEL} B|WYS I EFFer He| LI AUS.

7| QEESME SUAY [ GA 2tA740] £ AU S.
SLAE A5 1= XO[oM HIZEl o= HY

7o) CHEHEOIZ ks3]
/) Korean Society of Gynecologic Oncology
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/ =9

= =4 GAY®I PBZEVt U= =2 OI|AE2| GAS =8Y M, 8 E12|Ee=2 =
)

2t =2 EX|=E ERl(agreement rate: 96.4% vs 75.2%).

ok

" Ol el E12|52| GA 8 FHEO RIS S AlAFEY

-

0

= EY GAEHRP} gl= PBZE(0: KCD-8 Z=: 0601, 0603, 06019, 06039)

ePBE 2FEUL, LIHX|= eFBE 2REUS.

M|

J1El I AE S 59.8%~72.8%2t A=

o) CHeHF S sts|
/)  Korean Society of Gynecologic Oncology
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Thank you for your attention!
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