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Summary

In this deliverable, the ConcePTION framework is utilized to develop strategies to fully exploit data
diversity, in four areas.

First, identifying the full list of pregnancies that occurred in the population represented in an instance
of a data source. The work on this topic has profited from collaboration with organizations external
to ConcePTION. The operationalisation of this work has been stored in the ConcePTION Pregnancy
Algorithm, an open-source tool that has been applied already in multiple studies inside and outside
the project itself (ConcePTION Pregnancy Algorithm wiki), and a manuscript is undergoing
finalisation that collects results from 8 European data sources.

Second, designing and developing a tool to allow investigators to extract from data sources the
number of days of treatment associated with prescribing or dispensing a medication. This work
derived an open-source function, named CreateDoT (CreateDoT wiki) and a manuscript is under
development.

Third, analysing strengths and limitations of the scarce information on breastfeeding available in the
data sources participating in ConcePTION. This work is being use in the Demonstration Project 2 of
ConcePTION WP1.

Fourth, developing tools to address misclassification, particularly lack of sensitivity in algorithms

used to indicate occurrence of a healthcare condition. A manuscript on this work has been accepted
for publication in American Journal of Epidemiology (Limoncella et al, 2024).
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1.1 Introduction

ConcePTION aims to contribute to filling the knowledge gap regarding the effects of medicines in
pregnancy and lactation, by developing a system across European Data Access Partner (DAPs) that
transforms existing and routinely collected healthcare data into evidence in a robust and transparent
manner.

Diversity across such data sources in Europe poses challenges, that can only be addressed if
diversity is firstly, acknowledged, and secondly, embraced to convert it into opportunities.

In previous work (Deliverable 7.5, Thurin et al, 2022), the project investigated diversity across
European data sources and set up a conceptual framework to describe it. The framework has been
used to design and populate the ConcePTION Catalogue (Deliverable 7.10), which has been used
by the MINERVA Project to create recommendations (Pajouheshnia et al, 2024, Gini et al. 2024a)
for the recently launched HMA-EMA Catalogues of data sources and studies (HMA-EMA
Catalogues), and for the VAC4EU Catalogue (https://vac4eu.org/catalogue/). The framework has
been compared with other similar frameworks and methods that represent primary data collection
datasets, where it has been found complete and compatible (Swertz et al, 2023).

Finally, a framework to represent data diversity has been recently introduced in the context of the
DIVERSE initiative funded by the International Society of Pharmacoepidemiology (Gini et al, 2024b).
In this work, it is argued that, to ensure reproducibility of study findings, representation of data
diversity is necessary and complementary to an accurate representation of study design and to
transparent implementation. Indeed, in multi-database studies based on common data models and
common analytics, where study design and implementation are identical, results across different
data sources are often heterogeneous, even when population differences are implausible. The
DIVERSE framework proposed nine dimensions to represent diversity across data sources:
organization accessing the data source, data originator, prompt, inclusion of population, content,
data dictionary, time span, healthcare system and culture, and data quality.

The ConcePTION framework is fully compatible with the DIVERSE framework and is mentioned in
the DIVERSE manuscript as a valuable source for possible ontologies on several dimensions.

In this deliverable, the ConcePTION framework is utilized to develop strategies to fully exploit data
diversity, in four areas. First, identifying the full list of pregnancies that occurred in the population
represented in an instance of a data source. The work on this topic has profited from collaboration
with organizations outside the ConcePTION consortium. The operationalisation of this work has
been stored in the ConcePTION Pregnancy Algorithm, an open-source tool that has been applied
already in multiple studies inside and outside the project itself (ConcePTION Pregnancy Algorithm
wiki), and a manuscript is undergoing finalisation that collects results from 8 European data sources.

Second, designing and developing a tool to allow investigators to extract information from data
sources regarding the number of days of treatment associated with prescribing or dispensing a
medication. This work originated from an open-source function, named CreateDoT (CreateDoT wiki)
and a manuscript is under development. Third, analysing strengths and limitations of the scarce
information on breastfeeding available in the data sources participating in ConcePTION. This work
is being used in the Demonstration Project 2 of ConcePTION WP1.

7
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Fourth, developing tools to address misclassification, namely, lack of sensitivity in algorithms used
to indicate occurrence of a healthcare condition. A manuscript on this work has been publication in
American Journal of Epidemiology (Limoncella et al, 2024)
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Inception to ConcePTION: Genesis of a Network to Support Better Monitoring and Communication of
Medication Safety During Pregnancy and Breastfeeding. Clin Pharmacol Ther. 2022 Jan;111(1):321-31.
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2.1 Introduction

The ConcePTION Pregnancy Algorithm (PA) is a meta-algorithm that aims at identifying list of
pregnancies experienced by the instance population in the most comprehensive manner, along with
their start and end dates from diverse European data sources. The algorithm is stored in a publicly
accessible GitHub repository (ConcePTIONAIgorithmPregnancies).

As detailed in Section 1 of the present Deliverable, the participating data sources differ in terms of
available data that are pertinent to the purpose of identifying pregnancies, for instance, birth register,
congenital anomalies register, hospital admission and discharge records and primary care medical
records. Some sources are more informative and accurate regarding pregnancy-related data, for
example, the birth registries are specifically designed to collect information on such events. However,
birth registries do not comprehensively reflect all the pregnancy episodes in the data source, as they
only registered pregnancies when completed (Campbell et al. 2022, Bertoia et al. 2022, Margulis
2022, Nordeng et al. 2024).

This aspect represented somehow the starting point of the ConcePTION PA development, as
researchers initially focused on Italian studies on underestimation of maternal mortality (Donati S et
al., 2011, Donati S et al., 2018). According to such studies, use of a single data bank could lead to
massive underestimation of this important indicator. Other sources of inspiration were studies
conducted by several groups in Europe (Shink T et al, 2020) that had highlighted how data on
pregnancy end could be partial or even inconsistent. The algorithm of Matcho (Matcho et al., 2018)
provided the base for code lists that were then expanded with the support of multiple research groups
within and outside of the ConcePTION consortium.

Several algorithms exist that can identify pregnancies in health data sources. The ConcePTION PA
shares some of its characteristics with some of them, in terms of expanding the inclusion of
pregnancies beyond those marked as complete (Bertoia et al. 2022, Chomistek et al 2023, Nordeng
et al. 2024) and in terms of including more than one data source (Charlton et al. 2014, Matcho et al.
2018, Cohen et al. 2020). However, it also introduces several novel aspects, that are described in
the Discussion session of the present Deliverable.

In the present Deliverable we first describe the general strategy of the algorithm and then we detail
the specific ingredients that are used in each step of the algorithm.

2.2 Structure of the ConcePTION PA

In section 2.2 the structure of the ConcePTION PA is presented in an overview, and all the
components are then extensively described in section 2.3 Ingredients of the algorithm.

The purpose of the ConcePTION PA is to identify both ongoing and completed pregnancies and
estimate the start date (last menstrual period), end date and type of pregnancy end. It can be used
in different data sources, that may have different data provenance. Based on the type of available
information and the provenance, a quality indicator is created for each identified pregnancy episode.
The conceptual design is that any record indicating a pregnancy is retrieved from available data
banks in the data sources. The algorithm labels records with tentative information on when that
pregnancy started, when it ended, and which type of end that pregnancy had (see Table 2.1 for the
classification of types of pregnancy ending).

10
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Table 2.1. Type of pregnancy end assigned by the algorithm

Type of end Description Details

LB Live birth the pregnancy ended in a live birth

BUNSP Birth unspecified the pregnancy ended in a delivery with unspecified
outcome of the baby (including live birth), after
gestational week 22

UNSP End Unspecified the pregnancy ended at the record date, but outcome of
the pregnancy is unspecified (including live birth) and
gestational age at the record date is unspecified (before
or after gestational week 22)

SB Stillbirth baby loss before or during the delivery, after gestational
week 22 or week 24 in the UK

SA Spontaneous abortion pregnancy loss before 22 weeks’ gestation (24 weeks in

UK)

T Elective termination legal termination of pregnancy /medical abortion

ECT-MOL Ectopic or molar pregnancy  the fertilized egg implants outside the uterus or there is
evidence of abnormal product of conception

ONGOING Pregnancy ongoing the estimated date of end of pregnancy is after the date
on which data are extracted

UNK Unknown the imputed or observed date of end of pregnancy is
before the cutoff date of the data, therefore the
pregnancy has surely ended, but the type of end could
not be established

UNF Unfavorable Unspecified pregnancy with observed end date, but outcome
unspecified, except live birth

LOSTFU Lost to follow-up the estimated date of end of pregnancy is after the end

of the observation period (i.e. a continuous period of
inclusion in the underlying population of the data source)
of the pregnant person e.g. the woman leaves the
country.

Retrieval of records

All records that imply that a pregnancy is observed on the date of the record are retrieved from
multiple data streams:

- CONCEPTSET (see section 2.3.2 CONCEPTSET): this is the stream that retrieves records
with a diagnostic code or a procedure code implying that the person is experiencing an
ongoing pregnancy or an end of pregnancy, such as a diagnosis of preeclampsia or of
spontaneous onset of labour, or a procedure of amniocentesis or of a Caesarean section

- ITEMSET (see section 2.3.3 ITEMSET): this is a manner to retrieve records carrying other,
non-diagnostic coded observations collected during routine healthcare data, , such as the
recording of a positive results from a pregnancy test; this is also used to retrieve records that
do not imply pregnancy at the record date, but that help assessing characteristics of a
pregnancy that has been retrieved by other records (e.g., last menstrual period)

Bl efpia
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- PROMPTSET (see section 2.3.4 PROMPTSET): this is a manner to retrleve records of birth
registries, terminations registries, and/or spontaneous abortion registries recorded in the
CDM table SURVEY OBSERVATIONS

- EUROCAT (see section 2.3.5 EUROCAT): this retrieves records of a congenital anomaly
notification in the EUROCAT table

Quality assignment to all retrieved records

Records are retrieved from multiple streams that may vary significantly in terms of information carried
about the pregnancy observed. This information includes the pregnancy start date, pregnancy end
date, type of pregnancy end, and gestational age, and can either be found in the record itself or
imputed by the algorithm.

Based on the type and availability of this information, records are assigned a quality color among
the followings:

- Green, if both, pregnancy start date and pregnancy end date are recorded (Fiqure 2.1, Table
2.2),

- Yellow, if pregnancy end date is recorded as the record date and pregnancy start date is
imputed (Fiqure 2.1, Table 2.2),

- Blue, if pregnancy start date is recorded and pregnancy end date is imputed (Figure 2.1,

Table 2.2),
- Red, if both, pregnancy start date and pregnancy end date are imputed (Fiqure 2.1, Table
2.2).

Below is a graphical representation of the quality colors assignment to the different type of records
retrieved from the data sources (Figure 2.1). The more refined ranking of quality assigned to each
record is presented in Table 2.2.

Figure 2.1. Quality colors according to the type of pregnancy record retrieved. (Please refer to Table
2.2 for a more refined ranking of quality) In the figure, the diamond represents the date in which the
record is recorded, circle represents a recorded start date of pregnancy and length of the bar
represents the record wise estimation of the duration of the pregnancy

Panel A. Green quality

¢
¢

Some records imply that the
pregnancy has ended on
record date, and also carry
information on gestational
age at that date

Time
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Panel B. Yellow quality
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Some records imply that the
pregnancy has ended on
record date, but don’t carry
explicit information on
gestational age at that date

/ Examples \
(1) Record of diagnosis of

delivery
(2) Record of procedure of
cesarean section
(3) Record of diagnosis of a

spontaneous abortion

Time

Panel C. Blue quality
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Some records imply that the
pregnancy is ongoing on
record date, but do carry
information on gestational

age at that date
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Time
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Panel D. Red quality

Some records do not carry
any specific information
neither on start nor on end
date of pregnancy

Examples

(1) A diagnosis of gestational
diabetes
(2) A procedure of
amniocentesis

Time

Beyond the color code, other combinations of information included in the records can be identified
and contribute to a more refined ranking of quality. One of this information is the type of setting
originating the record, for instance, primary and non-primary care. In the majority of data sources,
records from primary care setting are assigned a lower quality as compared to non-primary care, as
primary care is not the designated setting for pregnancy care registration: for this reason, the
assigned ranking differs among them.

The ranking of quality assigned to all the retrieved records ranges from 1 (i.e., the highest quality,
having quality color Green from stream EUROCAT) to 99 (Table 2.2).

14
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Table 2.2. Ranking of quality based on provenance of data and type of information

Quality Quality Stream Specification
Ranking Colour

1 Green EUROCAT Both, pregnancy start date and pregnancy end date are recorded

2 Green PROMPT Both, pregnancy start date and pregnancy end date are recorded

3 Green ITEMSETS Both, pregnancy start date and pregnancy end date are recorded

4 Green CONCEPTSETS Both, pregnancy start date and pregnancy end date are recorded
diagnosis codes

5 Yellow EUROCAT pregnancy completed and pregnancy start date not available and imputed

6 Yellow PROMPT pregnancy completed and pregnancy start date not available and imputed

7 Yellow ITEMSETS pregnancy completed and pregnancy start date not available and imputed

8 Yellow CONCEPTSETS pre-term and at term delivery with live birth, pregnancy start date not
diagnosis codes available and imputed (primary care excluded)

9 Yellow CONCEPTSETS Delivery with live birth, pregnancy start date not available and imputed,
diagnosis codes (primary care excluded)

10 Yellow CONCEPTSETS Delivery with live birth, pregnancy start date not available and imputed,
procedure codes (primary care excluded)

1 Yellow CONCEPTSETS stillbirth, pregnancy start date not available and imputed, (primary care
diagnosis codes excluded)

12 Yellow CONCEPTSETS At term, post-term, pre-term birth outcome unspecified, pregnancy start date
diagnosis codes not available and imputed, (primary care excluded)

13 Yellow CONCEPTSETS Childbirth with birth outcome unspecified, pregnancy start date not available
diagnosis codes and imputed, (primary care excluded)

14 Yellow CONCEPTSETS Delivery, pregnancy start date not available and imputed, (primary care
procedure codes excluded)

15 Yellow CONCEPTSETS Elective termination narrow, pregnancy start date not available and imputed,
diagnosis codes (primary care excluded)

16 Yellow CONCEPTSETS Elective termination and medicated voluntary termination of pregnancy,
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procedure codes pregnancy start date not available and imputed, (primary care excluded)

17 Yellow CONCEPTSETS Spontaneous abortion narrow, pregnancy start date not available and
diagnosis codes imputed, (primary care excluded)

18 Yellow CONCEPTSETS spontaneous abortion, pregnancy start date not available and imputed,
procedure codes (primary care excluded)

19 Yellow CONCEPTSETS Ectopic pregnancy, pregnancy start date not available and imputed, (primary
diagnosis codes care excluded)

20 Yellow CONCEPTSETS Ectopic pregnancy, pregnancy start date not available and imputed, (primary
procedure codes care excluded)

21 Yellow CONCEPTSETS Stillbirth possible, elective termination possible, spontaneous abortion
diagnosis codes possible, pregnancy start date not available and imputed, (primary care

excluded)

22 Yellow COCEPTSETS Procedures of end of pregnancy with unfavorable unspecified outcome,
procedure codes pregnancy start date not available and imputed, (primary care excluded)

23 Yellow CONCEPTSETS Delivery with birth outcome unknown, pregnancy start date not available and
diagnosis codes imputed, (primary care excluded)

24 Yellow CONCEPTSETS Procedures of end of pregnancy with outcome unknown, pregnancy start
procedure codes date not available and imputed, (primary care excluded)

25 Yellow CONCEPTSETS Birth possible, pregnancy start date not available and imputed, (primary care
diagnosis codes excluded)

30 Yellow CONCEPTSETS primary care records, pregnancy start date not available and imputed, end
diagnosis codes date estimated with record date

99

ITEMSET

Record with information about pregnancies, but not necessarily implying
pregnancies
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Record sorting

Within each person the records are sorted first per ranking of quality (Table 2.2) and then based on
record_date, from most recent to oldest. The data source may require a different set of hierarchy
rules (see Table 2.4 for data sources’ specific rules).

Reconciliation

Then, to reconcile pregnancies, the first record, as resulted after sorting, will be compared in turn
with all the subsequent records, one at a time. If the time period of the pregnancy of the next record
is compatible with the time period of pregnancy defined by the first record, the reconciliation takes
place, that is, the variables of the two records (start date, end date, and type of end) are reconciled.
Otherwise, the record is labeled as belonging to a second pregnancy episode. See section below
2.3.6 Create Pregnancies (Reconciliation).

Once all records have been either reconciled or moved to the pregnancy group two, the procedure
starts again on the second group, and so on iteratively until all records have been reconciled.

The reconciliation defines three variables for each pregnancy episode: start date of pregnancy, end
date of pregnancy and type of pregnancy end. The recordwise information on start, end and type of
end is reconciled in a hierarchical manner: information carried by records with higher quality is
prioritized over records of lower quality.

Predictive model

Additionally, in data sources that have information on the start of pregnancy (e.g. birth registry), a
predictive model is applied to predict the start date of pregnancy. First, record wise imputation is
made, then a new start date of pregnancy is imputed using a weighted average of the prediction
across records of the pregnancy. See more details in the sections 2.3.7 Predictive model.

Final refinement

At this stage, if some pregnancies are too long or overlap, a final refinement is enacted, see section
2.3.8 Final refinement.

Additional step for pregnancy with type of end UNK

As a next step, pregnancies with type of end assigned as UNK undergo an additional revision.
Specifically, if the date of end of pregnancy falls outside the observation period of the pregnant
person, the type of pregnancy end is updated and defined as LOSTFU. If the end date of pregnancy
is after the date on which the data are extracted, the type of pregnancy end is updated and defined
as ONGOING.

Output of the algorithm

The output of the algorithm has one record per pregnancy. Each pregnancy is stored with its main
variables (start, end and type of end) as well as secondary variables (e.g., description of the records
composing the pregnancy). The data model of the final output is presented in Table 2.3. Additionally,
at the end of the algorithm a sample of 30 pregnancies is extracted from the output for data sources’
experts review (2.3.9 Verification of a sample of pregnancies).
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Table 2.3. Data model of the final output

Variable name

pregnancy_id
person_id

age_at_start_of preg-
nancy

pregnancy_start_date
pregnancy_end_date

meaning_start_date

meaning_end_date

type_of_preg-
nancy_end

date_of principal_rec-
ord

meaning_of_princi-
pal_record

date_of oldest record
date_of most_re-
cent_record

im-
puted_start_of preg-
nancy
imputed_end_of_preg-
nancy

highest_quality

Description Type
unique identifier of a preg- string
nancy
unique identifier of the preg-  string
nant person
age at start of pregnancy int
best estimate of the date of
pregnancy start date
best estimate of the date of
pregnancy end date
method by which preg-
nancy_start_date was ob-
tained

string
method by which preg-
nancy_end_date was ob-
tained string
Type of pregnancy end string
date when the record of high-
est quality of the pregnancy
was recorded date
meaning of the principal rec-
ord string
date of oldest record date

date of most recent record date

whether the start of preg-
nancy was imputed int

whether the end of pregnancy
was imputed int

quality of the highest quality

record string
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Vocabulary

from_itemsets ITEMSET_NAME
from_conceptset_Gestation WEEK
im-

puted from OTHER STREAM_ NAME
updated_from_blue_record

from_conceptset CONCEPT _NAME
REGISTRY _NAME

LB = livebirth

SB = stillbirth

SA = spontaneous abortion

T = termination

ECT-MOL = ectopic or molar preg-
nancy

UKN = unknown

UNF = other non-live birth
ONGOING = pregnancy was ongoing
at the time of CDM instance creation

Among others:
birth_registry_mother
hospitalisation_primary
spontaneous_abortion_registry
induced_termination_registry

emergency_room_diagnosis

hospitalisation_secondary

1 = imputed

0 = not imputed
1 = imputed

0 = not imputed
green

yellow
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number_of rec-
ords_in_the_group

number_green

number_yellow
number_blue

number_red

PROMPT

CONCEPTSET

EUROCAT

ITEMSET

algorithm_for_reconcil-
iation
description

GGDE

GGDS

INSUF_QUALITY
gestage_greater_44

sex_at_instance_crea-
tion

n_child

child_in multiple_preg-
nancies

number of records in the

group int
number of records in the
group of green quality int
number of records in the
group of yellow quality int
number of records in the
group of blue quality int
number of records in the
group of red quality int

whether the pregnancy was  string
included by the PROMPT
stream

whether the pregnancy was  string
included by the CON-
CEPTSET stream

whether the pregnancy was  string
included by the EUROCAT
stream

whether the pregnancy was  string
included by the ITEMSET
stream

string that explain the recon-
ciliation string

string that reports the name

of the concept (or the mean-

ing) of all the records that

compose the pregnancy string

whether the pregnancy is
composed by two green rec-
ords that are discordant on

the end of pregnancy int

whether the pregnancy is
composed by two green rec-
ords that are discordant on

the start of pregnancy int

whether the pregnancy is
composed by only blue or red

records int
whether the gestational age
is greater than 44 weeks int

most recent measurement of | string
the sex of the pregnant per-
son

number of children linked to

the pregnancy, created using
PERSON_RELATIONSHIP

table int

Variable used to check

whether a child linked to the
pregnancy is also linked to
another pregnancy int
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blue

red

yes’ =yes
‘no’ = no

yes’ =yes
‘no’ = no

yes’ =yes
‘no’ = no

yes’ =yes

‘no’ = no

1= GGDE

0 = not GGDE
1=GGDS

0 = not GGDS

1 =INSUF_QUALITY
0 = not INSUF_QUALITY

1 = greater than 44w
0 = not greater than 44w

M = "male"
F = "female"
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1 = at least 1 child linked to multiple

preg

0 = no child linked to multiple preg
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In some data sources, information that links the identifiers of a person with the identifiers of his/her
birth mother is available (2.3.1 Data sources’ specific parameters). Such data sources store this
information in a specific table of the ConcePTION CDM (PERSON_RELATIONSHIP). In the first
steps of the PA, this information is retrieved among other records (see the prompt section below)
and used to identify pregnancies. Moreover, as an output, the data set storing identifiers of
pregnancies alongside identifiers of children is also created. See the section 2.4 Mother-children
linkage below.

2.3 Ingredients of the algorithm

2.3.1 Data sources’ specific parameters

The PA takes advantage from the ConcePTION Common Data Model (CDM) which preserves the
granularity of each data sources data (Thurin et al., 2021). The CDM ensures that the origin of each
record can be retrieved during data processing, since each record contains a ‘origin’ variable where
the name of the origin table (in the original language of the data source) is stored, and can be referred
to the data model of the origin table, and to the rules for its ETL in the ConcePTION CDM, as stored
in the ConcePTION Catalogue (https://vac4eu.molgeniscloud.org/conception/catalogue/#/).

Moreover, each record composing a pregnancy contains a variable named ‘meaning’ that stores a
summary description of the provenance of the data used to generate the pregnancy record (e.g.,
‘hospitalization primary diagnosis’, or ‘birth registry’). This allows to carry over to the pregnancy list
produced at the end of the algorithm the information on data diversity that originated the pregnancy,
therefore allowing the upfront selection of the characteristics of the pregnancies needed for each
research questions.

The PA can be tailored according to the characteristics of the data source and needs of the data
partner by setting specific parameters at different steps of the script, as described below:

datasource_that_does_not_modify PROMPT In the reconciliation process, the pregnancy start date is
defined using the contribution from all available records.
The data sources listed here use only the information
provided by prompts, when available

datasource_with_conceptsets the data sources in this have diagnosis or procedure
codes that can be used to retrieve preghancies

datasource_with_itemsets_stream_from_me the data sources present in this list have records of

dical_obs MEDICAL_OBSERVATIONS that can be used to detect
pregnacies (itemsets)
datasource_with_person_rel_table the data sources in this have the

PERSON_RELATIONSHIP table that can be used to
define pregnancies by mother-child relationship

datasource_with_procedures the data sources in this list have records of
PROCEDURES that can be used to detect pregnancies
(conceptset)

datasource_with_promt the data sources in this list have records of SURVEY _ID
that can be used to detect pregnancies (prompt)

datasource_with_promt_child the data sources in this list have records in
SURVEY_ID/SURVEY_OBSERVATION that are
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related to the child (instead of the mother)

datasource_with_related_id_correspondig_t the data sources in this list have records in

o_child SURVEY_ID/SURVEY_OBSERVATION that are
related to the child, and in PERSON_RELATIONSHIP
the person_id is related to the mother, and the
related id corresponds to the child

datasource_with_visit_occurrence_prompt the data sources in this list have records of
VISIT_OCCURENCE that can be used to detect
pregnancies (prompt)

datasources_ EUROCAT the data sources in this list have the EUROCAT table

datasources_prescription the data sources in this list use prescription

datasources_that_do_not_use_prediction_o the data sources in this list do not use predictive model

n_red to impute the pregnancies start date for yellow and red
records

datasources_that_end_red_pregnancies the data sources in this list consider the date of the most

recent record as the pregnancy end date for red
pregnancies

datasources_with_specific_algorithms the data sources in this list have a specific algorithm to
impute pregnancy information
datasources_with_subpopulations the data sources in this list have subpopulations
Maxgap indicates the period after (or before) a pregnancy in
which pregnancy are implausible, it is set at 28 days
maxgap_specific_meanings indicates the period after (or before) a pregnancy in

which pregnancy are implausible, for a specific list of
record meaning

list_of_meanings_with_specific_maxgap specific list of record meaning for which the period after
(or before) a pregnancy in which other pregnancy are
implausible is different from “maxgap”

gap_allowed_red_record indicates the maximum time that can elapse between
pregnancy records of the same pregnancy that do not
contain start or end information

max_gestage_yellow_no_LB maximum gestational age not-LB pregnancies
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Table 2.4. DAPs Data sources’ specific parameters
Parameters Data Source
UOSL VDD SNDS BFAP CASERTA GePaRD EpiChron HSD >3- PHARMO CPRD SDIAP DANREG KI ARS FERR EFEMERIS POMME THL oot
atabank FISABIO
datasource_that_does_not_modify PROMPT 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
datasource_with_conceptsets 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0
datasource_with_itemsets_stream_from_medical_obs 0 10 1 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0
datasource_with_person_rel_table 1 1 0 0 0 0 0 0 1 0 0 0 1 0 1 1 1 1 1 1
datasource_with_procedures 0 1 1 1 1 1 1 1 0 0 0 0 0 0 1 0 0 0 0 0
datasource_with_prompt 1 1 0 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1
datasource_with_prompt_child 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 1 1 1
datasource_with_related id_comespondig_to_child 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
datasource_with visit_occurrence_prompt 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0
datasources EUROCAT 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
datasources_prescriptions 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0
datasources_that_do_not use_prediction_on_red 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 1 1 1
datasources_that end_red_pregnancies 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0
datasources with specific_algorithms 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
datasources with_subpopulations 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Maxgap 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28
maxgap_specific_meanings 168
list_of meanings with_specific_maxgap mq{;gl%gx?_
primary_care
gap_allowed_red record 56 56 56 56 56 56 56 180 56 56 56 56 56 56 56 56 56 56 56 56
max_gestage vellow no_LB 8
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2.3.2 CONCEPTSET

The stream CONCEPTSET takes advantage from the concept sets - which are a subset of code lists
- to retrieve records that carry a diagnostic code or a procedure code implying that the person is
experiencing an ongoing pregnancy or an end of pregnancy, such as a diagnosis of preeclampsia
or of spontaneous onset of labor, or a procedure of amniocentesis or of a cesarean section. In this
stream we query  the CDM tables EVENTS, MEDICAL_OBSERVATIONS,
SURVEY_OBSERVATIONS for diagnostic codes, and PROCEDURES for procedure codes.

Procedure codes records typically lack the gestational age at record date and can be either yellow
(e.g., procedure of cesarean section) or red quality (e.g., procedure of amniocentesis). In contrast,
diagnosis codes records implying a delivery can also have information on the gestational age (green
quality). Diagnosis codes records can also refer to a delivery or a spontaneous abortion without any
other information (yellow quality), or to gestational diabetes (red quality).

Diagnostic codes

The list of diagnostic codes used to retrieve records implying that a person is experiencing an
ongoing pregnancy, or an end of pregnancy was initially sourced from literature (Matcho et al. 2018).
The medical concepts retrieved from the literature were mapped to the coding systems of the data
sources (SNOMEDCT_US, SCTSPA, ICD9CM, ICD10, ICD10CM, READ, ICPC2P, ICPC,
MTHICD?9) using the tool Codemapper (Becker et al, 2017) which is based on the Unified Medical
Language System (UMLS Terminology Service), and were further refined by data partners. Finally,
the diagnosis codes populated a set of code lists that are named according to the corresponding
medical concepts. The full set of lists of reviewed diagnostic codes is publicly available (Girardi et
al, 2024).

Notably, the personal identifier of the records carrying such diagnosis codes are normally interpreted
as the identifiers of the pregnant persons. However, we also included an additional set of concepts
including diagnostic codes whose personal identifier is a newborn. In the PA, such codes are
associated to the date of pregnancy end, rather than the record date, and to the identifier of the
person indicated as the gestational mother of the child in the PERSON_RELATIONSHIPS table of
the ConcePTION CDM (see more details below in the specific section on 2.4 Mother-children

linkage).

All the diagnostic codes included in the PA underwent an initial review from the data partners,
according to the local expertise, followed by a review conducted by the leading data partner
responsible for developing the PA. The first review aimed to enhance the original code lists to ensure
comprehensiveness, whereas the second review focused on the assignment of the appropriate
concept set to each included diagnostic code. This last involved tagging each code within its original
code list. The criteria applied for tag assignment was agreed with medical experts from the
participating data partners (Girardi et al, 2024).

The concept set is a subset of code lists. As an example, codes belonging to the lists “Elective
Termination” are tagged as narrow when they clearly refer to a diagnosis of elective termination
occurred at record date (e.g. Legal termination of pregnancy), populating the concept set “Elective
Termination_narrow”, or tagged as possible when the association with elective termination outcome
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is not straightforward (e.g. Failed medical abortion), populating the concept set “Elective
Termination_possible”. The two concept sets differ in terms of type of pregnancy end assigned:
elective termination and unfavorable, respectively.

Each of the concept set is assigned a type of pregnancy end (see Table 2.1). The mapping from
concept sets to codelist and type of end is presented in Table 2.5. In Table 2A (in the Annex to this
Chapter) a more refined mapping is displayed where each concept set is mapped to the rules to
assign start date, end date, corresponding meanings, and quality color and ranking.

Table 2.5. Mapping from concept set to type of pregnancy end_diagnostic codes

Concept set

Gestation_less24_UNK
Gestation_24_UNK

Gestation_25_26_UNK
Gestation_27_28 UNK
Gestation_29_30_UNK
Gestation_31_32_UNK
Gestation_33_34_UNK
Gestation_35_36_UNK

Gestation_more37_UNK

Gestation_less24 LB
Gestation_24 LB
Gestation_25_26_LB
Gestation_27 28 LB
Gestation_29_30_LB
Gestation_31_32_LB
Gestation_33_34_LB
Gestation_35_36_LB
Gestation_more37_LB
Ongoingpregnancy
Ongoingpregnancy
GESTDIAB
GESTDIAB

FGR

FGR

PREECLAMP

Code list name

P_Gestationlessthan24weeksU_PrA

P_24weeksUNK_PrA

P_Gestation2526weeksUNK_PrA
P_Gestation2728weeksUNK_PrA
P_Gestation2930weeksUNK_PrA
P_Gestation3132weeksUNK_PrA
P_Gestation3334weeksUNK_PrA
P_Gestation3536weeksUNK_PrA

P_Gestation37weeksUNK_PrA

P_Gestationlessthan24wee