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Purpose: Observational postapproval safety studies are needed to inform medication safety during pregnancy. Real-world databases 
can be valuable for supporting such research, but fitness for regulatory purpose must first be vetted. Here, we demonstrate a fit-for- 
purpose assessment of the Japan Medical Data Center (JMDC) claims database for pregnancy safety regulatory decision-making.
Patients and Methods: The Duke-Margolis framework considers a database’s fitness for regulatory purpose based on relevancy 
(capacity to answer the research question based on variable availability and a sufficiently sized, representative population) and quality 
(ability to validly answer the research question based on data completeness and accuracy). To assess these considerations, we 
examined descriptive characteristics of infants and pregnancies among females ages 12–55 years in the JMDC between 
January 2005 and March 2022.
Results: For relevancy, we determined that critical data fields (maternal medications, infant major congenital malformations, 
covariates) are available. Family identification codes permitted linkage of 385,295 total mother–infant pairs, 57% of which were 
continuously enrolled during pregnancy. The prevalence of specific congenital malformation subcategories and maternal medical 
conditions were representative of the general population, but preterm births were below expectations (3.6% versus 5.6%) in this 
population. For quality, our methods are expected to accurately identify the complete set of mothers and infants with a shared health 
insurance plan. However, validity of gestational age information was limited given the high proportion (60%) of missing live birth 
delivery codes coupled with suppression of infant birth dates and inaccessibility of disease codes with gestational week information.
Conclusion: The JMDC may be well suited for descriptive studies of pregnant people in Japan (eg, comorbidities, medication usage). 
More work is needed to identify a method to assign pregnancy onset and delivery dates so that in utero medication exposure windows 
can be defined more precisely as needed for many regulatory postapproval pregnancy safety studies.
Keywords: routine health care data, international databases, database evaluation

Introduction
Exclusion of pregnant people from clinical trials precludes the premarket availability of information regarding medica
tion safety during pregnancy, thus postapproval safety studies are generally required by regulatory agencies when new 
drug products are expected to be used among persons of childbearing age.1,2 Such requirements have conventionally been 
completed via the establishment of pregnancy exposure registries, but there has been increasing interest in real-world 
database approaches to complement registry-based approaches.3

Administrative claims databases allow researchers to construct large, diverse pregnancy cohorts according to the 
pharmacoepidemiologic target trial framework, enabling causal inference regarding medication safety during 
pregnancy.4–10 This resource has several advantages over pregnancy exposure registries, which often suffer from 
difficulties with representative enrollment and retention.11,12 Methodological challenges arise, however, because claims 
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databases do not indicate correspondence between mothers and infants (needed to bridge maternal exposure and infant 
outcome information) or pregnancy timing (needed to anchor exposure measurement around stages of fetal 
development).13,14 This information must therefore be reconstructed by researchers who use the databases.15–25

It is important to understand when real-world databases may be “meaningfully, validly, and transparently” used to 
support in the answering of questions of regulatory interest, henceforth referred to as “fitness for purpose”.26 For this 
reason, the Duke-Margolis Center for Health Policy, in collaboration with the United States (US) Food and Drug 
Administration (FDA), has developed a framework for evaluating fitness for purpose based on (1) the regulatory question 
of interest, (2) clinical context, (3) data considerations, including availability of relevant, high-quality data, and (4) 
application of sufficient methodological approaches.26,27

Recent publications have used a mother–infant linked cohort in the Japan Medical Data Center (JMDC) claims 
database, but the suitability of this resource for informing regulatory decision-making has yet to be evaluated.23,24 

Despite the establishment of mother–infant linkages in US claims databases, there is value in adding this resource in 
Japan due to differences in standards of obstetric care, prescription medication recommendations, and healthcare 
systems.28–30 Therefore, the objective of this analysis was to apply the Duke-Margolis framework, focusing particularly 
on the data considerations, to evaluate the fitness for purpose of a mother–infant linked cohort in the JMDC claims 
database, within the specific regulatory context of estimating infant major congenital malformations associated with in 
utero exposure to marketed medications. It is important to note that mother–infant claims linkages are inherently limited 
to pregnancies ending in live births, which may not be an appropriate study population for all future pregnancy safety 
studies in this database.

Materials and Methods
Study Population
The JMDC is compiled from over 1400 private companies belonging to the Health Insurance Association, one of five payer 
organizations of Japan’s National Health Insurance System, and includes inpatient, outpatient, and pharmacy claims. The national 
insurance covers most medical services, except for over-the-counter drugs, vaccinations, and cosmetic surgeries. Childbirth is not 
necessarily covered unless certain procedures are required. Additionally, pregnancy confirmation tests and prenatal health visits 
are covered by a separate government-subsidized program. A unique family identification code is assigned to the insured 
individual and all their dependents (any financially supported family member), enabling family linkages.

Data Considerations
The Duke-Margolis framework considers a real-world database to be fit for regulatory decision-making, within a given 
context, depending on (1) relevancy and (2) quality. Relevancy relates to its capacity to answer the regulatory question, in 
terms of the availability of critical data fields and a sufficiently sized, representative population. Quality relates to its 
ability to accurately, reliably, and transparently answer the regulatory question. Here, we considered the fitness of the 
JMDC claims database to be used to assist in answering regulatory questions related to medication safety during 
pregnancy in terms of its (1) relevancy and (2) quality of information available for (2A) formation of the mother–infant 
matches and (2B) estimation of the gestational period.

Statistical Analyses
Two linkage methods were performed to create pairs of mothers (females ages 12–55 years) and infants (dependents born 
during the study period) between January 2005 and March 2022. Linkage Method A identified pregnancy episodes, 
according to active pregnancy and delivery codes, and then determined the proportions linked to infants (Appendix 1). 
Active pregnancy codes were diagnosis codes that indicated a pregnant state; delivery codes indicated occurrence of 
a live birth (Supplemental Table 1).31 Linkage Method B identified mother–infant pairs, according to matching family 
identification codes, and then determined the prevalence of pregnancy and delivery codes (Appendix 2).

Next, using the pairs from Linkage Method B, we evaluated the relationships that the matched individuals had to the 
insurance holder to inform validity of the assumed mother–infant relationships. We assumed incestuous relationships, 
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although biologically possible, to be implausible. In an attempt to improve linkage validity, two exclusions were made: 
(1) invalid/inconclusive pairs, including “possible” pairs without pregnancy or delivery codes, and (2) infants matched to 
multiple mothers.

Using the valid pairs, we then created annual birth estimates based on (1) Linkage Method A, (2) Linkage Method B, 
and (3) Linkage Method B restricted to those with pregnancy/delivery codes.

Finally, using the valid pairs from Linkage Method B, we examined descriptive characteristics of (1) all pairs and (2) 
restricted to those with pregnancy/delivery codes. We proceeded with Linkage Method B for this analysis given that this 
method allows for direct identification of pairs, without reliance on pregnancy-related codes. Characteristic assessment 
time periods are provided in Supplemental Figure 1 and variable definitions in Supplemental Tables 2 and 3. 
Characteristics of unlinked females (delivery code but no linked infant) and infants were also examined. To assess 
representativeness of the JMDC population relative to the general Japan population, we leveraged publicly available data 
from the Global Burden of Disease Study (medical conditions among females ages 10–54 years, major congenital 
malformations among infants <1 year) and Japanese Vital Statistics (maternal age, infant sex, and gestational age).32,33

Ethics
Emory University’s Institutional Review Board does not require review of studies that do not meet the definitions of 
human subjects research or clinical investigation, such as this one. Informed consent is not required for this type of study. 
Permission was obtained from JMDC Inc. to use the database for the purposes of this study. All data acquired were kept 
anonymized.

Results
There were 5,795,818 females ages 12–55 years and 717,034 infants identified during the study period. Based on Linkage 
Method A (Figure 1), 643,483 pregnancy episodes were identified via pregnancy codes, 40% of which linked with an 

Figure 1 Assessment of mother–infant linkages relative to total unique pregnancy episodes in the JMDC claims database between January 2005 and March 2022 (Linkage Method A). 
Notes: Pregnancy episodes identified based on presence of active pregnancy or delivery codes among females ages 12–55 years. Active pregnancy codes were diagnosis 
codes that indicated a pregnant state; delivery codes indicated occurrence of a live birth. FamilyID pairs formed based on matching family identification codes between 
females with pregnancy episode and dependents born during the study period and enrolled in the JMDC during their birth month. 
Abbreviation: FamilyID, Family identification code.
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infant. After removal of invalid pairs (7%), 238,578 remained. Additionally, Linkage Method A identified 320,051 
pregnancy episodes via delivery codes, 56% of which linked with an infant. After removal of invalid pairs (7%), 165,985 
remained. Comparison of these two groups revealed 276,027 unique pairs. Based on Linkage Method B (Figure 2), 
446,441 total unique pairs were identified via family identification codes, 67% of which possessed pregnancy or delivery 
codes. After removal of invalid pairs (14%), 385,295 remained. These results are discussed in more detail in the context 
of the Duke-Margolis framework in the following sections.

Data Relevancy
Availability of Key Data Elements
Exposure (Maternal Medication Exposure) 
The JMDC contains records of all prescribed medications, with dates of dispensing, prescribed daily dose, and number of 
days administered.24 These prescription claims are expected to offer a complete representation of all medications 
dispensed during pregnancy (ie, high exposure sensitivity) as needed to define the exposure of interest. However, all 
claims databases have inherent limitations such that a filled prescription does not indicate that the medication was 
consumed, which could contribute to low exposure positive predictive value.

Outcome (Infant Major Congenital Malformations) 
All infants in Japan are enrolled in the National Health Insurance System within one month of birth and the JMDC 
captures all infant medical visits; therefore, major congenital malformations are expected to be completely captured. 
However, presence of a diagnosis code on a medical claim is not necessarily indicative of disease, as the code may be 
incorrectly coded or included as rule-out criteria. Similarly, the absence of a diagnosis code on a medical claim may not 
necessarily indicate the absence of a disease, for example, due to a missed diagnosis, an error in reporting, or the 
possibility that a condition present at birth is not clinically manifest until a later age. Validation of a JMDC claims-based 
algorithm to identify any infant major congenital malformations against gold standard medical records in Japan found the 
positive predictive value to be 91.5% (95% CI 85.6–95.5%); negative predictive value was not reported.34

Figure 2 Assessment of pregnancy and delivery coding among mother–infant linkages in the JMDC claims database between January 2005 and March 2022 (Linkage Method B). 
Notes: Total unique FamilyID pairs formed based on matching family identification codes between females ages 12–55 years and dependents born during the study period 
and enrolled in the JMDC during their birth month. Presence of active pregnancy codes assessed in the 294 days before the 15th day of the infant birth month. Presence of 
delivery codes assessed in the 60 days before and after the 15th day of the infant birth month. Active pregnancy codes were diagnosis codes that indicated a pregnant state; 
delivery codes indicated occurrence of a live birth. 
Abbreviation: FamilyID, Family identification code.
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Covariates 
We expect to be able to measure demographic characteristics, comorbidities, concomitant medications, and healthcare 
utilization characteristics as required to address confounding of the exposure-outcome association of interest. As 
previously mentioned, there are general limitations of using claims databases for research purposes (eg, whether the 
presence versus absence of a diagnosis code corresponds to the true disease state). Missing data will be a concern mainly 
when lifestyle (eg, alcohol use, smoking, physical activity), biometrics (eg, body mass index, blood pressure, choles
terol), and pregnancy-related characteristics (eg, reproductive history) are important covariates for a given analysis 
because these items are not well captured in claims.25

Patient-Level Linking (Linkage of Maternal and Infant Records) 
A unique family identification code is assigned to the insured individual and their dependents, enabling linkage of 
maternal and infant records. Further detail is discussed as part of the data quality considerations.

Representativeness
There were no differences between the JMDC and general Japan populations in terms of maternal age or infant sex 
distribution (Table 1). Preterm birth occurred in 3.6% of all JMDC pairs versus 5.6% of the general population. 
Comparison of the linked and unlinked populations did not reveal any differences in maternal age, infant sex, or preterm 
birth.

Table 1 Prevalence of Maternal Medical Conditions, Medication Use, and Infant Major Congenital Malformations in the Japan 
Medical Data Center (JMDC) Claims Database Linked and Unlinked Populations, Compared to the General Japan Population, 
2005–2022

General Japan 
Population

JMDC Linked, 
All Valid Pairs

JMDC Linked, 
Valid Pairs with 

Codes

JMDC Unlinkeda

Female Characteristicsb N = 287,444 N = 207,681 N = 119,676

Demographic Characteristicsc

Age, years (mean) 31.7 32.3 (SD 5.0) 32.6 (SD 5.0) 32.6 (SD 5.0)

Medical Conditionsd

Alcohol use disorders 0.5% 0.1% 0.1% 0.2%

Anxiety disorders 3.5% 2.9% 3.5% 4.7%

Asthma 4.1% 11.4% 13.5% 19.8%
Breast cancer 0.6% 0.1% 0.1% 0.2%

Cervical cancer 0.1% 0.1% 0.1% 0.2%

Diabetes mellitus 1.9% 1.0% 1.3% 1.3%
Idiopathic epilepsy 0.2% 0.6% 0.7% 0.6%

Major depressive disorder 2.4% 2.2% 2.6% 3.5%

Migraine 20.2% 3.6% 4.3% 5.7%
Substance use disorders 1.5% 0.2% 0.2% 0.5%

Medication Use
ACE-Is Not reported 0.0% 0.0% 0.0%
Anti-diabetics Not reported 1.2% 1.6% 1.2%

Anticonvulsants Not reported 0.5% 0.7% 0.7%

Methotrexate Not reported 0.0% 0.0% 0.0%
Mycophenolate Not reported 0.0% 0.0% 0.0%

SSRIs Not reported 0.5% 0.7% 0.6%

Statins Not reported 0.1% 0.1% 0.1%
Warfarin Not reported 0.0% 0.0% 0.0%

(Continued)
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The JMDC linked females had a similar prevalence of anxiety disorders, diabetes mellitus, major depressive disorder, 
and cervical cancer as same-aged females in Japan. Alcohol and substance use disorders were less prevalent in the JMDC 
versus general population, but these conditions are generally under-captured in claims.35,36 Migraine was also less 
prevalent in the JMDC versus general population (3.6% versus 20.2%), potentially due to claims representing the severe 
migraine population.37–39 Asthma was more common in the JMDC compared to the general population (11.4% versus 
4.1%), potentially representing a more prevalent lifetime history of asthma, rather than current asthma.40,41 Restriction of 
the linked population to those with pregnancy or delivery codes increased the prevalence of chronic conditions, perhaps 
due to a greater likelihood of healthcare utilization. The unlinked mothers were more likely than the linked mothers to 
have most of the medical conditions examined. The prevalence of medication use was similar across the total linked, the 
linked with pregnancy or delivery codes, and the unlinked populations for all medication classes examined.

Total infant major congenital malformations were more prevalent among JMDC linked infants (10.8%) than the 
general Japan population (5.3%), but the prevalence of each specific congenital malformation subtype (ie, the defined 
subcategories, less the catch-all category for “other” congenital birth defects) was the same or similar between the two 
populations. Given that it is unlikely that future pregnancy safety studies would specify the primary outcome as “other” 
congenital birth defects, but rather would use specific subtypes, we do not consider the apparently heightened prevalence 
of “other” congenital birth defects to be a major flaw of the JMDC claims database. Restricting to pairs with pregnancy 
or delivery codes did not result in substantial changes of congenital birth defect prevalence, suggesting the missingness 
of these codes to be non-differential with respect to outcome.

Table 1 (Continued). 

General Japan 
Population

JMDC Linked, 
All Valid Pairs

JMDC Linked, 
Valid Pairs with 

Codes

JMDC Unlinkeda

Infant Characteristicse N = 385,295 N = 275,352 N = 410,179

Demographic Characteristicsc

Preterm versus term

Preterm (<37 weeks) 5.6% 3.6% 4.1% 3.3%

Term 94.3% 96.4% 95.9% 96.7%
Sex

Male 51.3% 51.2% 51.1% 51.3%

Female 48.7% 48.8% 48.9% 48.7%
Major Congenital Malformationsd

Any major congenital malformationf 5.3% 10.8% 11.1% 11.2%

Congenital heart anomalies 1.2% 2.8% 3.0% 2.7%
Congenital musculoskeletal/limb anomalies 2.1% 1.7% 1.7% 1.8%

Digestive congenital anomalies 0.5% 0.5% 0.5% 0.5%

Down syndrome 0.1% 0.2% 0.2% 0.1%
Klinefelter syndrome 0.0% 0.0% 0.0% 0.0%

Neural tube defects 0.0% 0.2% 0.2% 0.2%

Orofacial clefts 0.2% 0.2% 0.2% 0.2%
Other chromosomal abnormalities 0.7% 0.1% 0.2% 0.1%

Other congenital birth defects 0.1% 6.2% 6.3% 6.7%
Turner syndrome 0.1% 0.0% 0.0% 0.0%

Urogenital congenital anomalies 0.9% 0.3% 0.4% 0.4%

Notes:aUnlinked population represents two separate cohorts: (1) females with delivery codes without a paired infant and (2) infants without a paired mother. 
bFemale characteristics assessed among total number of unique females. If a female had more than one delivery during the study period, a single delivery was 
randomly selected. cGeneral Japan population data obtained from Japanese Vital Statistics. dGeneral Japan population data obtained from the Global Burden of 
Disease Study. eInfant characteristics assessed among total number of unique infants (equivalent to total number of unique mother–infant pairs). fDoes not equate 
to a simple sum of the individual major congenital malformation categories due to some infants possessing >1 major congenital malformation. 
Abbreviations: ACE-Is, Angiotensin-converting enzyme inhibitors; SSRIs, Selective serotonin reuptake inhibitors.
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Sufficient Subjects
The JMDC captured, on average, around 4% of live births in Japan from 2005 to 2022 (Table 2). The percentage of live 
births captured in the JMDC increased over the study period, such that the rates were 9–11% in 2018 to 2021. Fifty-four 
percent of all infants were validly linked to a mother via Linkage Method B, creating 385,295 total pairs (Table 2). 
Among these pairs, about 41,000 infant major congenital malformations were observed within one year of birth 
(Supplemental Table 4). Congenital heart anomalies were the most common subtype (N = 10,934). All additional 
subtypes had greater than 500 events, except for Klinefelter (N = 9) and Turner (N = 13) syndromes, which are often 
diagnosed later in life. There were 3395 mothers exposed to anti-diabetics in the year before delivery and about 1500 
each exposed to anticonvulsants and SSRIs; other medication exposures occurred more rarely (Supplemental Table 5). 
Rothman and Greenland have derived a method to plan the size of an epidemiologic study based on precision (ie, desired 
width of the 95% confidence interval for the effect estimates), rather than power, to divert focus from statistical 
significance testing.42 Under the null (equal outcome event rates among exposed and unexposed), the associations 
between anti-diabetics, anticonvulsants, or SSRIs with congenital heart anomalies, congenital musculoskeletal and limb 
anomalies, or total congenital anomalies (both with and without “other” congenital birth defects included) were the only 
exposure–outcome combinations with expected precision less than or equal to 2.2, measured as the ratio of the expected 
upper and lower confidence limits. All other associations resulted in insufficient precision estimates. These results 
suggest that the JMDC mother–infant linked population may have sufficient subjects to study some, but not all, in utero 
medication exposures and infant congenital malformations.

Longitudinality
At least one year of infant follow-up (a generous follow-up period given that 94% congenital malformations are recorded 
within 90 days) was available for 86% of valid pairs (Table 3).43 Additionally, 57% of mothers were continuously 
enrolled in their health plan throughout pregnancy. Restriction of valid pairs to those with pregnancy or delivery codes 

Table 2 Summary of Annual Births in the Japan Medical Data Center (JMDC) Claims Database Among Linked Mother–Infant Pairs, 
Compared to the General Japan Population

Year Total Annual 
Births in Japan

Total Number of JMDC 
Covered at Birth

Total Valid Pairs, 
Linkage Method A

Total Valid Pairs, 
Linkage Method B

Total Valid Pairs with 
Codes, Linkage Method Ba

2005 1,062,530 4167 1002 1714 981
2006 1,092,674 4585 1267 1893 1253

2007 1,089,818 4765 1410 2015 1398

2008 1,091,156 6062 1960 2901 1934
2009 1,070,036 8903 3380 4857 3336

2010 1,071,305 14,614 6068 9170 6000

2011 1,050,807 18,518 8212 11,913 8181
2012 1,037,232 24,735 10,819 15,791 10,770

2013 1,029,817 34,879 15,344 22,465 15,301

2014 1,003,609 38,265 16,790 23,784 16,767
2015 1,005,721 52,451 21,433 30,824 21,408

2016 977,242 64,121 26,168 37,098 26,154

2017 946,146 78,747 31,502 44,359 31,500
2018 918,400 86,014 33,335 46,191 33,327

2019 865,239 88,590 32,913 45,301 32,842

2020 840,835 89,644 31,797 42,741 31,724
2021 811,622 86,897 29,017 37,619 28,889

2022b 799,728 11,077 3610 4659 3587

Total 17,763,917 717,034 276,027 385,295 275,352

Notes: aLinked population from Linkage Method B, restricted to those with codes indicating an active pregnancy (assessed in the 294 days before the 15th day of the infant 
birth month) or delivery (assessed in the 60 days before and after the 15th day of the infant birth month). Active pregnancy codes were diagnosis codes that indicated a 
pregnant state; delivery codes indicated occurrence of a live birth. bData availability ended in March 2022.
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increased this proportion to 68%, perhaps due to a greater likelihood to engage with the healthcare system. Given that all 
individuals in Japan are covered by the National Health Insurance and pregnancy-related care is subsidized, we do not 
suspect the low proportion with continuous enrollment to be reflective of gaps in care received during pregnancy, but 
rather may be a result of changes in the contracts between the JMDC and the companies that provide claims to the 
database. Regardless, future pregnancy safety studies in the JMDC requiring continuous enrollment during pregnancy 
may suffer from limited sample sizes and a potentially high proportion of censoring during the follow-up period.

Data Quality: Mother–Infant Matches
Completeness
Our methods are expected to capture all mothers and infants enrolled in a shared health insurance plan. Successful 
linkage occurred for 56% of pregnancy episodes with live birth delivery codes (Figure 1) and 54% of infants (Table 2). 
These linkage rates are expected given the likelihood of infants to be covered under their mother’s, versus other parent’s, 
insurance plan. Although only 40% of pregnancy episodes identified via active pregnancy codes linked to an infant 
(Figure 1), this group likely disproportionately includes pregnancies ending in non-live birth outcome.

Accuracy
Validity 
Unfortunately, the JMDC does not provide documentation related to the validity of the family identification variable. 
However, given that these codes are generated and used for billing purposes, they are expected to correctly indicate 
correspondence between insured individuals and their dependents.

Conformance 
The family identification codes are always assigned, regardless of the number of dependents, and database creation and 
maintenance does not disrupt the variable. This information is therefore expected to remain congruent with the standard.

Table 3 Maternal and Infant Enrollment Characteristics Among Linked Mother–Infant Pairs in the Japan Medical Data Center 
(JMDC) Claims Database, 2005–2022

All Valid Pairsa  

(N = 385,295) N (%)
Valid Pairs with 

Codesb  

(N = 275,352) N (%)

Maternal continuous enrollment during pregnancy 218,560 (56.7%) 186,676 (67.8%)
Length of pre-pregnancy continuous enrollment

Not enrolled at pregnancy onsetc 166,735 (43.3%) 88,676 (32.2%)

≤30 days 7227 (1.9%) 6251 (2.3%)
31–90 days 13,556 (3.5%) 11,702 (4.2%)

91–180 days 18,913 (4.9%) 16,209 (5.9%)
>180 days 178,864 (46.4%) 152,514 (55.4%)

Length of infant follow-up

≤30 days 0 (0.0%) 0 (0.0%)
31–90 days 9207 (2.4%) 7154 (2.6%)

91–180 days 14,649 (3.8%) 11,251 (4.1%)

181–365 days 28,798 (7.5%) 21,936 (8.0%)
≥366 days 332,641 (86.3%) 235,011 (85.4%)

Both maternal continuous enrollment during pregnancy and at least 365 days of 

infant follow-up

186,826 (48.5%) 158,838 (57.7%)

Notes: aLinked population from Linkage Method B. bLinked population from Linkage Method B, restricted to those with codes indicating an active pregnancy (assessed in 
the 294 days before the 15th day of the infant birth month) or delivery (assessed in the 60 days before and after the 15th day of the infant birth month). Active pregnancy 
codes were diagnosis codes that indicated a pregnant state; delivery codes indicated occurrence of a live birth. cOnly females continuously enrolled during pregnancy 
were enrolled at the onset of pregnancy and therefore were eligible for assessment of pre-pregnancy continuous enrollment.
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Logical Plausibility 
Of 446,411 potential mother–infant pairs with matching family identification codes, examination of relationships to the insurance 
holder indicated 90% to be mother–child relationships (Figure 3). An additional 0.5% had possible, but not definite, relationships 
(eg, aunt–niece/nephew relationship). In total, 2.5% were implausible mother–infant pairs (eg, siblings) and 7% were missing this 
information. Restriction to pairs with pregnancy or delivery codes nearly eliminated implausible pairs (Supplemental Figure 2). 
Overall, use of the relationship variable supports an increased confidence in the validity of the mother–infant pairs.

Consistency 
Unfortunately, our assessment of consistency was limited by the lack of detailed documentation within the JDMC regarding 
creation and use of the family identification variable. Useful information would be the date of inception of the current family 
identification coding version, which would indicate whether assignment of codes is consistent across all cohort members.

Transparency of Data Processing
Mother–infant pairs may be created in the JMDC via transparent data processing, with no restrictions on the publishing 
of linkage algorithms.

Provenance
The JMDC does not perform any transformations to the family identification codes after receiving the data from the payers.

Data Quality: Gestational Period
Completeness
As neither date of delivery nor infant date of birth (suppressed to month and year to avoid re-identification) are available in 
the JMDC, this information must be estimated according to claims that indicate delivery.44 Fifty-seven percent of valid pairs 

Figure 3 Value of variable indicating relationship to insurance holder for all linked pairs of females of childbearing age with members enrolled at birth who share family 
identification codes. 
Notes: Mother–infant pairs assumed to be valid pairs were those in which the mother was the insured individual or the spouse of the insured individual and the infant was 
indicated to be the child. Possible mother–infant pairs were those in which a mother–child relationship was possible but not confirmable without additional family tree 
information (eg, aunt and nephew/niece, child and grandchild). Improbable mother–infant pairs were those in which, assuming incestuous relationships to be improbable, an 
alternative familial relationship was more likely (eg, siblings, grandparent and grandchild). Although some of the “adopted child” infant relationships could be valid 
relationships between mother and child, these are not valid mother–infant pairs for the purposes of studying in utero exposures.
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lacked delivery codes (Figure 2), likely due to the health insurance processes in Japan. In this case, an estimated date (eg, 
15th day of infant birth month) would need to be imputed. Following delivery date estimation, gestational age would need 
to be estimated to back calculate the pregnancy onset date (to allow for designation of critical exposure windows). Claims- 
based gestational age algorithms often employ codes related to pregnancy milestones, which may be limited in this cohort 
due to missing active pregnancy codes in 38% of valid pairs (Figure 2).15,21,31 When pregnancy milestone codes are 
missing, the gestational length of a term pregnancy may be imputed (although this may compromise accuracy, as described 
in more detail below). Dual imputation of delivery date and gestational age would be required for 29% of valid pairs.

Accuracy
Validity 
Inserting an estimated delivery date and/or gestational age for each mother–infant pair is expected to result in 
misclassification, such that the assigned in utero medication exposure windows will not match the truth for a subset of 
pairs. Imputing a full-term gestational length shifts the estimated exposure window earlier in time for preterm deliveries 
(Supplemental Figure 3E–H) and later in time for post-term deliveries (Supplemental Figure 3I–L), the degree of which 
depends on the true gestational age. It is possible that misclassification of the exposure window could be associated with 
infant congenital malformation status (ie, differential exposure misclassification) if there are shared mechanisms for 
congenital malformations and preterm birth.45,46 Reassuringly, for term deliveries (Supplemental Figure 3A–D), which 
represent 94% of deliveries in Japan, exposure window misclassification is expected to be minor.

Conformance 
The JMDC does not support the fifth-level digit of the ICD-10 code (where gestational week information is available), 
which is inconsistent with standard availability in other databases and limits the ability to finely estimate gestational age 
(Supplemental Table 6).

Logical Plausibility 
As previously mentioned, published algorithms could be used to insert an estimated gestational age for each mother– 
infant pair (eg, fixed durations of 35 weeks for preterm births and 40 weeks for non-preterm births).15,21,31 Because of 
this, no logically implausible gestational ages can occur (ie, greater than post-term or less than viable).

Consistency 
We expect the use of pregnancy and delivery codes, as needed to estimate gestational age, to be consistent across all 
mothers in the linked cohort because the current ICD-10 coding scheme has been in use in Japan since 1990 and 
therefore covers our entire study period.

Transparency of Data Processing
Gestational age may be estimated in the JMDC via transparent data processing, with no restrictions on the publishing of 
algorithms.

Provenance
The way in which the JMDC transforms the collected data into the version available in the database involves translation 
of standard Japanese disease names to ICD-10 diagnosis codes, which limits the maximum unit of ICD-10 information to 
the fourth level. This data transformation is expected to impact the quality of the gestational age estimation.

Discussion
We have applied the Duke-Margolis framework to assess whether a mother–infant linked cohort in the JMDC claims 
database is fit for regulatory use within the context of estimating infant outcomes associated with in utero exposure to 
marketed medications.26 A summary of our assessment is provided in Supplemental Table 7. Although complete and 
accurate identification of mothers and their liveborn infants who share a health insurance plan was possible, the limited 
gestational age information may impede valid assignment of pregnancy onset and delivery dates as needed to define 
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critical in utero exposure windows. Future researchers considering the use of a mother–infant linked cohort in the JMDC 
claims database for pregnancy safety studies should understand the implications of a population restricted to live birth 
outcomes, which depend on the research question of interest.45

In terms of data relevancy, we determined that critical fields (maternal medication exposures, infant major congenital 
malformations, covariates) were available. A total of 385,295 mother–infant pairs were identified, representing about 2% 
of live births in Japan during the study period. A sufficiently sized population may be available to study associations 
between some maternal medication exposures and major congenital malformations that occurred more commonly in this 
population. Fifty-seven percent of pairs were continuously enrolled during pregnancy, which is expected to be reflective 
of how care is captured by the database, rather than how care is received in this population. Comparison to publicly 
available data suggested that the distribution of maternal characteristics and the occurrence of specific major congenital 
malformation subtypes were mostly consistent with the general population of Japan. Preterm births occurred less often 
than expected (3.6% versus 5.6%) in this population, which could be due to coding practices or a true lower prevalence in 
this privately employed population.

In terms of quality, our methods were expected to accurately identify the complete set of mothers and infants in the 
JMDC enrolled in a shared health insurance plan. Infants and females with evidence of a live birth delivery both had 
linkage rates of about 50%, which aligns with expectations of infant insurance coverage under the mother’s, versus other 
parent’s, plan. Exclusion of invalid and indeterminate relationships was intended to improve validity. Missing delivery 
date and pregnancy timing information, coupled with suppression of infant birth dates and inaccessibility of ICD-10 
codes with fifth-level digits (where gestational week information would have been available), limit the ability to finely 
estimate gestational timing as needed for regulatory pregnancy safety studies. We suspect that for the majority (94%) of 
pregnancies, which involve term deliveries, missing delivery and gestational timing information may result in only minor 
misclassification of the estimated exposure window. However, for preterm births without gestational age information, in 
utero exposure measurement could erroneously occur before pregnancy start date. This mismeasurement may be 
problematic as many people cease or change medication use upon becoming pregnant.46,47 The magnitude and 
directionality of bias introduced due to misalignment of the estimated and true exposure windows depends on the 
specific research question of interest.

This analysis is not without limitations. First, it is important to note that the Duke-Margolis framework sets forth a list 
of considerations for assessing fitness for purpose of real-world data but does not specify analysis plans nor provide 
quantitative thresholds for determining whether the relevancy and quality dimensions are met. Our assessment was 
therefore based on our translation of the framework into descriptive epidemiologic research questions, which was 
informed by experts in the field of pregnancy safety, as well as those familiar with Japan’s healthcare system and the 
JMDC. Next, our analysis identified pregnancy and delivery episodes based on ICD-10 diagnosis codes alone. Future 
studies may examine how incorporation of medical and surgical procedure codes may improve delivery date estimation 
for the nearly 60% of this cohort that was missing live birth diagnosis codes. Finally, our mother–infant pairs were 
created according to values indicated for the family identification codes and relationships to the insurance holder. 
Unfortunately, there is a scarcity of detailed information available from the JMDC data vendor regarding these variables, 
including potential for miscoding and reasons for missingness. Given that the family identification codes are used to 
identify relations between insurance plan holders and dependents for the purposes of billing, we expect these values 
(which are always non-missing) to be correctly coded. The accuracy of the relationship variable, however, is less clear 
given that insurance benefits are provided to all dependents, regardless of specific familial relationship, so there is less 
motivation from the billing viewpoint for this variable to be valid and non-missing.

Conclusion
Overall, results suggest that the JMDC claims database may be well suited for descriptive studies of pregnant people in 
Japan (eg, comorbidities, medication usage). However, before the database can be considered fit for supporting 
regulatory decision-making, more work is needed to identify a method to assign pregnancy onset and delivery dates 
so that in utero exposure windows can be defined more precisely as needed for many regulatory postapproval pregnancy 
safety studies.
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