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Supplemental Table 1. Algorithms for MCM among claims databases in USA, 2010-2025 

Author, 
Year 

Country Data source name Case ascertainment 
denominator  

Timing of MCM 
assessment 

Algorithm rules Coding 
systema 

Code location in 
manuscript 

Prevalence of 
the MCM in 
unexposed 
or general 
population 

Feldman 
2016 [1] 

Canada Administrative databases 
from the province of Quebec 

Live births or stillbirths Birth through 1 
year of life 

≥1 code ICD 9,ICD 10 Methods 2.9% 

Kröger 2021 
[2] 

Germany Allgemeine 
Ortskrankenkasse 

Live births Birth through 1 
year of life 

≥1 code ICD-10 Results, Table 1 0.5% 

Brogly 2017 
[3] 

Canada Canadian Institute for Health 
Information 

Live births  NR ≥1 code ICD-10 and 
CCI 
intervention 
codes 

eAppendix  7.6%  
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Hall, 2023 [5] USA Department of Defense Birth 
and Infant Health Research 
program  

Live born singleton 
infants 

Birth through 1 
year of life 

1 inpatient record or 2 outpatient 
records on different days 

ICD-9 Supplemental Material 1.9-3.5%  

Bukowinski, 
2020 [6] 

USA Department of Defense Birth 
and Infant Health Research 
program 

Live born singleton 
infants 

Birth through 1 
year of life 

Categories of birth defects required 
relevant diagnoses in the first year 
of life, either on one inpatient record 
or two outpatient records on 
different days 

ICD-9-CM, 
ICD-10-CM 

Supplemental Table 1 
 

Not reported 

Hall, 2020 [7] USA Department of Defense Birth 
and Infant Health Research 
program  

Live born singleton 
infants 

Birth through 1 
year of life 

Relevant diagnoses in the first year 
of life, either on one inpatient record 
or two outpatient records on 
different days. 

ICD-9-CM, 
ICD-10-CM 

Supplemental Table 1 3.0% 

Conlin, 2017 
[8] 

USA Department of Defense Birth 
and Infant Health Registry 

Live born infants  Birth through 1 
year of life 

One inpatient record or two 
outpatient records on different days, 
within the first year of life 

ICD-9-CM Methods 3.7%  

Bukowinski, 
2012 [9] 

USA Department of Defense Birth 
and Infant Health Registry 

Live born infants Birth through 1 
year of life 

Not reported ICD-9-CM Methods 3.4%  

Conlin, 2012 
[10] 

USA Department of Defense Birth 
and Infant Health Registry 

Live born Infants  Birth through 1 
year of life 

Not reported ICD-9-CM Methods 3.7%  

Meyer, 2025 
[11] 

France EPI-MERES Live births with data 
through 1 year of life 

Birth through 1 
year of life 

Differed by MCM, specified in 
Supplemental Table 4 

ICD-10 Supplemental Table 4 No unexposed 
group 

Wen, 2017 
[12] 

USA Florida Medicaid and Florida 
Hospital Discharge Inpatient 
and Outpatient data  

Singleton live births  Birth through 1 
year of life 

 ≥1 inpatient or outpatient claim 
during first 365 days of life 

ICD-9-CM Supplemental Material 
 

10.5%   

Reinold, 
2023 [13] 

Germany German 
Pharmacoepidemiological 
Research Database 
(GePaRD) 

Live births Birth through 1 
year of life 

≥1 code in the first year of life and 
subsequent patient profile review 
considering all information (codes 
for diagnoses, procedures and 
services, drug dispensation) 
available until end of follow-up 

ICD-10 Supplemental Material Not specified 

Platzbecker 
2022 [14] 

Germany German 
Pharmacoepidemiological 
Research Database 
(GePaRD) 

Live births Birth through 1 
year of life 

≥1 code  ICD-10-GM Methods Not reported 

Rowe, 2025 
[15] 

USA MarketScan Commercial 
Database and Multi-State 
Medicaid 

Singleton live births Birth through 1 
month of life 

≥1 ICD-10 code in infant outpatient 
or inpatient records 

ICD-10-CM; 
ICD-10-PSC; 
CPT codes 

Table 2S 1.60% 

Cesta, 2024 
[16] 

USA MarketScan  Singleton and multiple 
live births 

Infant: Birth 
through 3 months 
of life; Mother: 
Delivery through 1 
month postpartum 

The outcome is considered present 
if there are ≥ 2 dates with a code for 
the malformation group/subgroup 
OR ≥ 1 date with a code for the 
malformation group/subgroup and 
an outcome-specific procedure 
code OR ≥ 1 date with a code for 
the malformation group/subgroup 

ICD-9 and 
ICD-10 

Supplemental Table 4 3.8% 
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and the infant died within the first 90 
days. The outcome is considered 
maternal if there is ≥1 date with a 
code of interest in the maternal 
records between LMP and 
LMP+105 AND there are no codes 
in the infant record between DOB 
and DOB+90. 

Bernardo, 
2023 [17] 

USA Marketscan Infants admitted to 
NICU 

Birth through 1 
month of life 

≥1 code ICD-9 and 
ICD-10 

Supplement No unexposed 
group 

Peace, 2023 
[18] 

USA MarketScan Preterm infants who 
had NICU birth 
admission 

Birth through 1 
year of life 

≥1 code ICD-9-CM, 
ICD-10-CM 

Supplemental Table 1 Not reported 

Suarez, 2022 
[19] 

USA MarketScan Live born singleton 
infants 

Delivery through 
first 6 months of 
life 

≥1 code ICD-10-CM Methods Not reported 

Zambelli-
Weiner, 2019 
[20] 

USA MarketScan  Live born infants Birth through 1 
year of life 

≥1 code  ICD-9-CM Methods, Supplemental 
Table 1 

3.1%  

Grosse, 
2017 [21] 

USA MarketScan  Preterm infants Birth through 1 
year of life 

≥1 inpatient claims or ≥2 claims in 
any setting at least 7 days apart 

ICD-9-CM Supplemental Table 4 
 

2.3% 

Jovanovič, 
2015 [22] 

USA MarketScan Deliveries Not stated  ≥1 code  ICD-9-CM Appendix 3 6.0% 

Korelitz, 
2013 [23] 

USA MarketScan  Live births  Birth through 1 
year of life 

≥1 code ICD-9-CM Methods, Supplemental 
Table 2 

5.9% 

Chiu, 2024 
[24] 

USA Medicaid health care 
administration database 

Linked live births Birth through 3 
months of life 

≥2 inpatient or outpatient diagnostic 
codes or a diagnostic code and a 
corrective surgical procedure in 
infant claims during the 90 days 
after birth or in maternal claims 
during the 30 days after delivery 

ICD-9 and 
ICD-10 

Supplemental Table 1 No unexposed 
group 

Straub, 2024 
[25] 

USA Medicaid Analytic eXtract 
(MAX) 

Linked live births Infant: Birth 
through 3 months 
of life; Mother: 
Delivery through 1 
month postpartum 

Outcome is considered present if 
any of the following is present: ≥ 2 
dates with a code for a 
malformation within the group, ≥ 1 
date with a code for the 
malformation within the group and a 
specific procedure code, and ≥ 1 
date with a code for a malformation 
within the group and infant death. . 
If codes are identified in the 
maternal record between LMP and 
LMP+105 days AND there are no 
codes in the infant record between 
DoB and DoB+90 days (i.e., only 
maternal codes between delivery 
and delivery+30), the defect is 
considered a pre-existing maternal 
defect and is not counted as an 
infant defect.   

ICD-9 and 
ICD-10 

Supplemental Table 1 5.0% 
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Bröms, 2023 
[26] 

USA Medicaid Analytic eXtract 
(MAX) 

Live born infants Birth through first 
3 months of life 

≥2 diagnoses or 1 diagnosis 
followed by corrective surgery 
identified from procedure codes, or 
1 diagnosis if the infant died within 3 
months 

ICD-9 and 
CPT-4 

Supplemental Table 1 3.5% 

Huybrechts, 
2022 [27] 

USA Medicaid Analytic eXtract 
(MAX) 

Live born infants Delivery to 3 
months after 
delivery (infant); 
delivery to 30 
days after delivery 
(mother) 

Malformation was considered 
present if: >1 date with a code 
indicating a malformation or, 1 date 
with a code indicating a 
malformation and a specific surgery 
code for the correction of a 
malformation, or 1 date with a code 
indicating a malformation and infant 
death in the first 90 days. If there 
was a code for the malformation 
group in the maternal records 
between LMP and LMP+105 and 
there were no codes in the infant 
record between delivery and 
delivery+90, then the malformation 
was considered maternal and the 
infant was considered unaffected. 

ICD-9  Supplemental Table 2 and 
Supplemental Table 3 

2.7%   

Bateman, 
2021 [28]* 

USA Medicaid Analytic eXtract 
(MAX) and MarketScan 

Live born infants Delivery to 3 
months after 
delivery (infant); 
delivery to 30 
days after delivery 
(mother) 

Infant record between date of birth 
and DoB+90 days and/or in the 
maternal record between delivery 
and delivery+30 days, using both in- 
and out-patient data. Require ≥ 2 
dates with a code for the 
malformation group/subgroup or ≥ 1 
date with a code for the 
malformation group/subgroup and 
malformation-specific procedure or 
≥ 1 date with a code for the 
malformation group/subgroup and 
infant died. If codes identified in the 
maternal record between LMP and 
LMP+105 AND there are no codes 
in the infant record between DoB 
and DoB+90 days (i.e., only 
maternal codes between delivery 
and delivery+30), the defect is 
considered a pre-existing maternal 
defect. 

ICD-9-CM Supplemental Table 2 3.4%  

Patorno, 
2020 [29] 

USA Medicaid Analytic eXtract 
(MAX)  

Live born infants  Delivery to 3 
months after 
delivery (infant); 
delivery to 30 
days after delivery 
(mother) 

A specific malformation was 
deemed to be present if (i) an ICD-9 
diagnosis for the specific 
malformation group was recorded 
on >1 date, (ii) a diagnosis on one 
date was accompanied by a 
relevant surgery or procedure code, 

ICD-9-CM Supplemental Table 1 
 

3.3% 
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or (iii) a diagnosis was present on 
one date and the infant died within 
90 days from birth. 

Huybrechts, 
2020 [30] 

USA Medicaid Analytic eXtract 
(MAX) 

Live born infants  Delivery to 3 
months after 
delivery (infant); 
delivery to 30 
days after delivery 
(mother) 

Malformation was considered 
present if: >1 date with an ICD-9 
code indicating a malformation or, 1 
date with an ICD-9 code indicating a 
malformation and a specific surgery 
code for the correction of a 
malformation, or 1 date with an ICD-
9 code indicating a malformation 
and infant death in the first 30 days. 
If there was a code for the 
malformation group in the maternal 
records between 90 days prior to 
the LMP and LMP+105 and there 
were no codes in the infant record 
between delivery and delivery+90 
(i.e., the outcome was defined 
based on maternal codes between 
delivery and delivery+30), then the 
malformation was considered 
maternal and the infant was 
considered unaffected. 

ICD-9-CM Supplemental Table 1 
 

3.7%  

Zhu, 2020 
[31] 

USA Medicaid Analytic eXtract 
(MAX) 

Live born infants Birth through first 
3 months of life 

Based on inpatient and outpatient 
diagnoses and procedure codes 
from ICD-9-CM in the maternal and 
infant records within the first month 
and three months after delivery, 
respectively. A specific 
malformation was considered to be 
present if there was: (i) an ICD-9 
diagnosis recorded for the specific 
malformation on more than one 
date, (ii) a diagnosis on one date as 
well as a relevant surgery or 
procedure code, or (iii) a diagnosis 
on one date and death of the infant 
within 90 days of birth. 

ICD-9-CM Supplemental Table 3 3.3%  

He, 2020 
[32]* 

USA Medicaid Analytic eXtract 
(MAX) 

Live born infants Delivery to 3 
months after 
delivery (infant); 
delivery to 30 
days after delivery 
(mother) 

In inpatient or other therapy infant 
claims from delivery to delivery + 90 
days and/or maternal claims from 
delivery to delivery + 30 days, a. If 
≥2 dates with an ICD-9-CM 
diagnostic code for the 
malformation group (see codes 
below), or b. If ≥1 date with an ICD-
9-CM diagnostic code for the 
malformation group and a relevant 
surgery/procedure code for the 

ICD-9-CM Table 1 and Table 2 
 

3.1%  
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correction of the malformation, or c. 
If ≥1 date with an ICD-9-CM 
diagnostic code for the 
malformation group and infant death 
within 30 days of delivery.  If the 
malformation is identified based on 
codes in maternal claims only and 
there is ≥1 date with an ICD-9-CM 
diagnostic code for the 
malformation group from last 
menstrual period (LMP) - 90 days to 
LMP + 105 days, the malformation 
is assumed to be maternal and the 
infant is unaffected. 

Huybrechts, 
2018 [33] 

USA Medicaid Analytic eXtract 
(MAX) 

Live born infants  Delivery to 3 
months after 
delivery (infant); 
delivery to 30 
days after delivery 
(mother) 

Malformation was considered 
present if: >1 date with an ICD-9 
code indicating a malformation or, 1 
date with an ICD-9 code indicating a 
malformation and a specific surgery 
code for the correction of a 
malformation, or 1 date with an ICD-
9 code indicating a malformation 
and infant death in the first 30 days. 
If there was a code for the 
malformation group in the maternal 
records between 90 days prior to 
the LMP and LMP+105 and there 
were no codes in the infant record 
between delivery and delivery+90 
(i.e., the outcome was defined 
based on maternal codes between 
delivery and delivery+30), then the 
malformation was considered 
maternal and the infant was 
considered unaffected. 

ICD-9-CM Supplemental Table 2 
 

3.1% 

Huybrechts, 
2017 [34] 

USA Medicaid Analytic eXtract 
(MAX) 

Live births  Birth through first 
3 months of life  

1) an ICD-9 diagnosis code on more 
than one date; 2) a diagnosis as 
well as a relevant surgery or 
procedure code; or 3) a diagnosis 
code and death of infant within 90 
days of birth If the malformation was 
identified using codes from the 
maternal record alone and these 
codes were also present during the 
first 105 days of pregnancy, the 
outcome was excluded under the 
assumption that it reflected a pre-
existing malformation in the mother.  

ICD-9-CM Supplemental Table 1 
 

3.5% 
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Bateman, 
2017 [35] 

USA Medicaid Analytic eXtract 
(MAX) 

Live births  Pregnancy 
through first 3 
months of infant 
life 

1) an ICD-9-CM diagnosis code on 
at least 2 different dates in infant's 
inpatient or outpatient records or 
maternal records; 2) diagnosis on 1 
date if infant died or underwent a 
corrective surgical procedures in 
infant's inpatient or outpatient 
records or maternal record 

ICD-9-CM Appendix 2 
 

3.3% 

Huybrechts, 
2016 [36] 

USA Medicaid Analytic eXtract 
(MAX) 

Live born infants  Birth through first 
3 months of life 

Inpatient or outpatient diagnoses 
and procedure codes 
from ICD-9 in the maternal (first 
month after delivery) or infant (first 3 
months after date of birth) record. 
(1) an ICD-9 diagnosis was 
recorded for the specific 
malformation on more than 1 date, 
(2) a diagnosis was recorded on 1 
date as well as a relevant surgery or 
procedure code, or (3) a diagnosis 
was recorded on 1 date and the 
infant died before 90 days. 

ICD-9 Methods, Supplemental 
Table 2 

3.3% 

Chomistek, 
2023 [37]* 

USA Optum Research Database Live born infants Between delivery 
and disenrollment 
from the health 
plan or the end of 
the study period 

Presence of at least one claim for 
the outcome during follow-up, 
based on ICD-10-CM diagnostic 
codes. 

ICD-10-CM Methods, Table 1 8.3%  

Meserve, 
2021 [38] 

USA Optum Labs Data Warehouse Live born infants Birth through first 
3 months of life 

≥2 ICD-9/10 codes for a congenital 
malformation of the same system in 
the newborn on different dates 

ICD-9 and 10 Supplemental Table 1 3.5%  

Carman, 
2016 [39]* 

USA Optum Research Database Live born infants Birth through 1 
year of life 

Naïve algorithm: ≥1 code; final 
claims-based algorithm not 
specified but varied the frequency 
and timing of claims, as well as 
claims for corrective procedures 
depending on body system 

ICD-9 Supplemental Material 4.7-5.7% 

Wang, 2024 
[40] 

USA Rhode Island Medicaid data 
linked to vital records 

Live births Birth through first 
3 months of life 

≥1 code ICD-9-CM and 
ICD-10-CM 

Supplemental Table 3 2.9% 

Phiri, 2014 
[41]* 

USA Tennessee Medicaid data 
linked to vital records 

Live and stillborn 
infants 

Birth through 1 
year of life 

Maternal diagnosis claim from 
delivery through 90 days 
postpartum; infant diagnosis claims 
birth through first birthday; birth 
certificate checkbox data; fetal 
death certificate; death certificate 
causes of death before first birthday 

ICD-9-CM Methods 3.9% 

aAs reported by authors in publications 
*Denotes a validation study, also described in Table 2. 
Abbreviations: DOB: date of birth; MCM: major congenital malformation; LMP: last menstrual period 
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