
This document represents the views of the DARWIN EU® Coordination Centre only and cannot be interpreted as reflecting those of 
the European Medicines Agency or the European Medicines Regulatory Network. 

 

 

 

Study Protocol 

P4-C1-015  

DARWIN EU® - Childhood hypertension 

and sartans prescribing in children 
 

 

18/08/2025 

Version 2.0 

Authors: Ellen Gerritsen, Dina Vojinovic  

Public  



P4-C1-015 Study Protocol 

Version: V2.0 

Dissemination level: Public 

 

2/34 

CONTENTS 
1. LIST OF ABBREVIATIONS ................................................................................................................. 4 

2. TITLE .............................................................................................................................................. 5 

3. DESCRIPTION OF THE STUDY TEAM ................................................................................................. 5 

4. ABSTRACT ...................................................................................................................................... 6 

5. AMENDMENTS AND UPDATES ......................................................................................................... 8 

6. MILESTONES ................................................................................................................................... 8 

7. RATIONALE AND BACKGROUND ...................................................................................................... 8 

8. RESEARCH QUESTION AND OBJECTIVES ........................................................................................... 8 

9. RESEARCH METHODS ...................................................................................................................... 9 

9.1 Study design ...................................................................................................................................... 9 
Figure 1. Graphical depiction of the study design. ................................................................................ 9 

9.2 Study setting and data sources ....................................................................................................... 10 
9.3 Study period .................................................................................................................................... 12 
9.4 Follow-up ......................................................................................................................................... 12 

Figure 2. Included observation time for the denominator population. .............................................. 13 
9.5 Study population with inclusion and exclusion criteria ................................................................... 13 
9.6 Variables .......................................................................................................................................... 14 

9.6.1 Exposure ................................................................................................................................................. 14 
9.6.2 Outcome ................................................................................................................................................. 14 
9.6.3 Other covariates, including confounders, effect modifiers, and other variables. .................................. 14 

9.7 Study size ......................................................................................................................................... 15 
9.8 Analysis ............................................................................................................................................ 15 

9.8.1 Federated network analyses .................................................................................................................. 15 
9.8.2 Patient privacy protection ...................................................................................................................... 15 
9.8.3 Statistical model specification and assumptions of the analytical approach considered ...................... 15 

Figure 3. Period prevalence example. ................................................................................................. 16 
9.8.4 Output .................................................................................................................................................... 16 

9.9 Evidence synthesis ........................................................................................................................... 17 
10. STRENGTHS AND LIMITATIONS...................................................................................................... 17 

11. REFERENCES ................................................................................................................................. 18 

12. ANNEXES ...................................................................................................................................... 19 

ANNEX I. Data sources description .............................................................................................................. 19 
ANNEX II. Additional information ................................................................................................................ 21 
ANNEX III. List of stand-alone documents ................................................................................................... 23 

Table S1. Preliminary list of concept definition for childhood hypertension. ..................................... 23 
Table S2. Preliminary list of concept definition for primary hypertension ......................................... 23 
Table S3. Preliminary list of concept definition for secondary hypertension ..................................... 23 
Table S4. Preliminary list of concept definition for sartans (WHO ATC level 4) .................................. 24 
Table S5. Preliminary list of concept definition for pre-specified antihypertensive medication (non-

sartans (WHO ATC level 3)) ................................................................................................................. 24 
ANNEX IV: ENCePP checklist for study protocols ........................................................................................ 26 
ANNEX V: Glossary ....................................................................................................................................... 32 



P4-C1-015 Study Protocol 

Version: V2.0 

Dissemination level: Public 

 

3/34 

Study title DARWIN EU® - Childhood hypertension and sartans prescribing in children 

Protocol version  V2.0 

Date  18/08/2025 

EUPAS number EUPAS1000000714 

Active substance Sartans drugs classes with corresponding WHO ATC code (classified at 4th level): 

• C09CA: Angiotensin II receptor blockers, plain 

• C09DA: Angiotensin II receptor blockers and diuretics 

• C09DB: Angiotensin II receptor blockers and calcium channel blockers 

• C09DX: Angiotensin II receptor blockers, other combinations 

 

Antihypertensive drug classes with corresponding WHO ATC code (classified at 2nd 
level): 

• C03: Diuretics 

• C07: Beta blocking agents 

• C08: Calcium channel blockers 

• C09: Agents acting on the renin-angiotensin system  

Medicinal product n/a 

Research question and    
objectives 
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medication prescribing among patients with childhood hypertension over time across 
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Study objectives: 

1. To estimate the annual prevalence of childhood hypertension in the paediatric 
population. Results will be stratified by age group (children vs. adolescents), sex, 
and type of hypertension (primary vs. secondary). 

2. To estimate the annual prevalence of prescribing of sartans and other 
antihypertensive medications in patients with childhood hypertension. Results 
will be stratified by drug class, age group (children vs. adolescents), sex, and type 
of hypertension (primary vs. secondary). 
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1. LIST OF ABBREVIATIONS 
Acronyms/term  Description 

ATC Anatomical Therapeutic Chemical  

CDM Common Data Model 

CC Coordinating centre 

CDW Bordeaux Clinical Data Warehouse of Bordeaux University Hospital 

CHT Childhood hypertension 

DARWIN EU® Data Analysis and Real-World Interrogation Network 

DK-DHR Danish Data Health Registries 

DQD Data Quality Dashboard 

DOI Declaration of Interests 

DQD Data Quality Dashboard 

DRE Digital Research Environment  

EHR Electronic Health Records 

EMA European Medicines Agency 

ENCePP European Network of Centres for Pharmacoepidemiology and Pharmacovigilance 

EU European Union 

EUPAS EU Post-Authorisation Studies Register 

FinOMOP THL Finnish Care Register for Health Care 

GDPR General Data Protection Regulation 

ICD International Classification of Diseases 

IP Inpatient 

IPCI Integrated Primary Care Information 

IRB Institutional Review Board 

NAJS Croatian National Public Health Information System 

OHDSI Observational Health Data Sciences and Informatics 

OMOP Observational Medical Outcomes Partnership 

OP Outpatient 

RxNorm Medical prescription normalized 

SNOMED Systematized Nomenclature of Medicine 

WHO World Health Organisation 
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2. TITLE 

DARWIN EU® - Childhood hypertension and sartans prescribing in children 

3. DESCRIPTION OF THE STUDY TEAM 

Study team role Names Organisation 

Principal Investigator Ellen Gerritsen 

Dina Vojinovic 

IQVIA 

Data Scientist Akram Mendez 

Isabella Kaczmarczyk 

IQVIA 

Study Manager Natasha Yefimenko Erasmus MC 

Data Partner* Names  Organisation  

NAJS Ivan Pristaš 

Marko Čavlina  

Antea Jezidžić 

Jakov Vuković  

Anamaria Jurčević 

Karlo Pintarić 

Croatian Institute for Public Health 

DK-DHR Elvira Bräuner 

Susanne Bruun 

Danish Medicines Agency 

FinOMOP-THL Toni Lehtonen 

Tiina Wahlfors 

Gustav Klingstedt 

Finish Care Register for Health Care 

CDW Bordeaux Guillaume Verdy  Centre Hospitalier Universite de 
Bordeaux 

IPCI Katia Verhamme 

Marcel de Wilde 

Mees Mosseveld 

Erasmus University Medical Center 

*Data partners do not have an investigator role. Data partners execute code at their data source, review and approve their results. 

  



P4-C1-015 Study Protocol 

Version: V2.0 

Dissemination level: Public 

 

6/34 

4. ABSTRACT   

Title 

DARWIN EU® – Childhood hypertension and sartans prescribing in children 

Rationale and background  

Childhood hypertension (CHT), defined as elevated blood pressure in children and adolescents, is a 
significant health concern with implications for both short- and long-term health outcomes. CHT can be 
classified into two main categories. Primary hypertension refers to cases without an identifiable underlying 
cause, while hypertension that results from a specific underlying, potentially reversible cause, is classified 
as secondary hypertension. Among the pharmacological options available for managing CHT, angiotensin 
receptor blockers, commonly referred to as sartans, are among the recommend first-line antihypertensive 
treatments. However, real-world data on prevalence of CHT and the prescribing patterns of sartans and 
other antihypertensive medications in the paediatric populations remain limited. This study aims to 
generate real-world evidence on the prevalence of CHT and the prescribing patterns of sartans, and other 
antihypertensive medication among individuals with CHT across Europe to support regulatory decision-
making and inform clinical practice. 

Research question and objectives 

Research question 

What is the real-world prevalence of childhood hypertension and antihypertensive medication prescribing 
among patients with childhood hypertension over time across Europe? 

Study objectives 

1. To estimate the annual prevalence of childhood hypertension in the paediatric population. Results 
will be stratified by age group (children vs. adolescents), sex, and type of hypertension (primary vs. 
secondary). 

2. To estimate the annual prevalence of prescribing of sartans and other antihypertensive 
medications in patients with childhood hypertension. Results will be stratified by drug class, age 
group (children vs. adolescents), sex, and type of hypertension (primary vs. secondary). 

Methods 

Study design 

• Descriptive disease epidemiology study employing a population-level cohort to estimate the 
prevalence of childhood hypertension in the paediatric population (objective 1) 

• Drug utilisation study employing a population-level cohort to estimate the prevalence of 
prescribing of sartans and other antihypertensive medication in individuals with childhood 
hypertension (objective 2) 

The study period for recruitment is from 1st of January 2015 to 31st of December 2024 (or latest date 
available). 

o Index date (objective 1): The earliest date within the study period on which an individual 
aged 18 years or younger was recorded in the data source. 

o Index date (objective 2): The earliest date within the study period on which the individual 
has a recorded diagnosis of CHT.  

Individuals are followed up until 1) end of study period (31st of December 2024), 2) end of data availability, 
3) loss to follow up, 4) age ≥ 19 years, or 5) death, whichever came first. 
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Population 

The study population includes: 

• All individuals aged 18 year or younger who are registered in the database during the recruitment 
period (from 01/01/2015 to 31/12/2024 (or latest date available)) (objective 1).  

• All individuals aged 18 years and younger with a recorded diagnosis of childhood hypertension in 
the database during the study period objective 2).     

Variables 

Outcomes 

Condition of interest: childhood hypertension (CHT) 

Drugs of interest: sartans (WHO ATC codes C09CA, C09DA, C09DB, and C09DX) and other antihypertensive 
medication drug classes (WHO ATC codes C03, C07, C08, and C09) 

Relevant covariates: age group (children aged >0 to <13 years vs. adolescents aged ≥13 to <19 years), sex, 
and type of hypertension (primary vs. secondary) 

Data source 

1. Croatia: Croatian National Public Health Information System (NAJS) 

2. Denmark: Danish Data Health Registries (DK-DHR) 

3. Finland: Finnish Care Register for Health Care (FinOMOP-THL) 

4. France: Clinical Data Warehouse of Bordeaux University Hospital (CDW Bordeaux) 

5. Netherlands: Integrated Primary Care Information (IPCI) 

Study size  

No sample size has been calculated, as this is an exploratory study which will not test a specific hypothesis. 
Based on a preliminary feasibility assessment, the estimated number of record counts for CHT in the 
databases included in this study ranges from 1,800 (IPCI) to 100,600 (NAJS). The estimated number of 
record counts for sartans in children in the databases included in this study ranges from 1,900 (CDW 
Bordeaux) to 23,700 (FinOMOP-THL). 

Statistical analysis 

Annual period prevalence (expressed as proportion) of 1) CHT among the paediatric population and 2) pre-
specified antihypertensive medication among individuals with CHT will be estimated. Prevalence will be 
calculated overall for children aged ≤18 years old, and stratified by age categories, sex, and type of 
hypertension.  

The statistical analyses will be conducted on OMOP CDM mapped data using the IncidencePrevalence R 
package. 

A minimum cell counts of 5 will be used when reporting results, with any smaller count reported as “<5”. 
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5. AMENDMENTS AND UPDATES 

None. 

6. MILESTONES 
Study milestones and deliverables Planned dates* 

Final Study Protocol August 2025 

Creation of Analytical code August/September 2025 

Execution of Analytical Code on the data September/October 2025 

Deadline DARWIN EU® CC receives results from Data Partners 31st October 2025 

Draft Study Report 7th November 2025  

Revision of Study Report November 2025/January 2026 

Final Study Report 30th January 2026 

*Planned dates are dependent on obtaining approvals from the internal review boards of the data sources. 

7. RATIONALE AND BACKGROUND  

Childhood hypertension (CHT), defined as elevated blood pressure in children and adolescents, is a 
significant health concern due to its association with organ damage during childhood, increased risk of 
hypertension as a young adult, and serious adverse cardiovascular outcomes in adulthood.(1-3) CHT can be 
classified into two main categories. Primary hypertension refers to cases without an identifiable underlying 
cause, while hypertension that results from a specific underlying, potentially reversible cause, is classified 
as secondary hypertension.(4, 5) Secondary hypertension is frequently caused by coarctation of the aorta 
or renal diseases, but can also be triggered by other causes.(4) Among the pharmacological options 
available for managing CHT, angiotensin receptor blockers, commonly referred to as sartans, are among the 
recommend first-line antihypertensive treatments.(6, 7) However, real-world data on prevalence of CHT 
and the prescribing patterns of sartans, and other antihypertensive medications in the paediatric 
populations remain limited. This study aims to generate real-world evidence on the epidemiology of CHT 
and prescribing patterns of sartans, and other antihypertensive medication among individuals with CHT 
across Europe to support regulatory decision-making and inform clinical practice. 

8. RESEARCH QUESTION AND OBJECTIVES 

Research questions 

What is the real-world prevalence of childhood hypertension and antihypertensive medication prescribing 
among patients with childhood hypertension over time across Europe? 

Research objectives 

The aim of this study is to assess the prevalence of childhood hypertension and of sartans and other 
antihypertensive medication prescribing among patients with childhood hypertension in European 
countries. 

The specific objectives of this study are: 

1. To estimate the annual prevalence of childhood hypertension (CHT) in the paediatric population. 
Results will be stratified by age group (children vs. adolescents), sex, and type of hypertension 
(primary vs. secondary). 

2. To estimate the annual prevalence of sartans and other antihypertensive medication prescribing in 
patients with childhood hypertension (CHT). Results will be stratified by drug class, age group 
(children vs. adolescents), sex, and type of hypertension (primary vs. secondary). 
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9. RESEARCH METHODS 

9.1. Study design 

A cohort study will be conducted using routinely collected health data from 5 databases from 5 countries 
across Europe and in 5 EU member states. The study will comprise of: 

• A descriptive disease epidemiology study will be conducted to address objective 1, assessing the 
prevalence of CHT in the paediatric population. 

• A drug utilisation study will be conducted to address objective 2, assessing the prevalence of 
sartans and other antihypertensive prescribing among individuals diagnosed with CHT during the 
study period. 

Figure 1 provides an overview of the study design by depicting when inclusion criteria, exclusion criteria, 
and covariates will be assessed respective to the cohort entry date. 

 

Figure 1. Graphical depiction of the study design. 

a. Prevalence of sartans will be assessed per drug class at WHO ATC level 4 (WHO ATC codes C09CA and C09DA-DX) and of other 
pre-specified antihypertensive medication per drug class at WHO ATC level 2 (WHO ATC codes C03, C07, C08, C09) 

b. The inclusion criterion of CHT diagnosis only applies for objective 2. 
c. Stratification into 1) children aged between >0 and <13 years and 2) adolescents aged between ≥13 and <19 years 
d. Stratification into 1) primary and 2) secondary hypertension 
e. Earliest of 1) death, 2) disenrollment, 3) end of the study period, and 4) age ≥ 19 years 
CHT = childhood hypertension 
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9.2. Study setting and data sources 

This study will be conducted using routinely collected data from 3 registries, 1 hospital care, and 1 primary 
care data sources in the DARWIN EU® network of data partners from 5 European countries in 5 EU member 
states. All data were a priori mapped to the OMOP CDM. 

Data sources 

1. Croatia: Croatian National Public Health Information System (NAJS) 

2. Denmark: Danish Data Health Registries (DK-DHR) 

3. Finland: Finnish Care Register for Health Care (FinOMOP-THL) 

4. France: Clinical Data Warehouse of Bordeaux University Hospital (CDW Bordeaux) 

5. Netherlands: Integrated Primary Care Information (IPCI) 

Data Selection 

These data sources fulfil the criteria required in terms of data quality, completeness, timeliness, and 
representativeness for population-level descriptive epidemiology and patient-level drug utilisation studies 
while covering different regions of Europe.  

When it comes to assessing the reliability of data sources, the data partners are asked to describe their 
internal data quality process on the source data as part of the DARWIN EU® onboarding procedure. To 
further ensure data quality, we utilised the Achilles tool,(8) which systematically characterises the data and 
generates data characteristics such as age distribution, condition prevalence per year, and data density. 
Data density includes information on 1) monthly record counts by data domain (which offers insights into 
data collection patterns and the start date of each data source) and 2) measurement value distribution (i.e., 
min, max, quartiles for numeric values per measurement concept and per unit and counts for discrete 

measurement-value pairs). The latter can be compared against expectations for the data based on 
predefined standards, historical trends, or known epidemiological patterns to identify potential anomalies 
or inconsistencies. Additionally, the data quality dashboard (DQD) provides more objective checks on 
plausibility of data completeness, consistency, and conformity across the data sources.   

In terms of relevance, the selection of data sources was based on the availability of data on CHT and 
prescribing of sartans and other antihypertensive medication to perform the described analyses. In 
addition, the data sources were chosen considering their ability to support timely IRB approvals, thus 
ensuring alignment with the timeline established by stakeholders for the conduct of this study.  

The DARWIN EU® portal, as well as information from the onboarding documents, were used to assess 
whether data sources have information on CHT and prescribing of sartans and other antihypertensive 
medication. Data within the DARWIN EU® portal is maintained up to date by extracting the release dates 
for each dataset in the network and monitoring when data are out-of-date with the expected refresh cycle 
(typically quarterly or half-yearly). In addition, it is important to have clear understanding of the time 
covered by each released data source, as this can vary across different domains. To facilitate this, the 
CDMOnboarding (and Achilles) packages (8) contain a ‘data density’ plot. This plot displays the number of 
records per OMOP domain monthly. This allows to get insights when data collection started, when new 
sources of data were added, and until when data was included. In addition, at time of inviting data 
partners, they were informed about study objectives and asked whether they could participate in the 
study. 

More general-purpose diagnostic tools, CohortDiagnostics (9) and DrugExposureDiagnostics (10), have 
been developed. The CohortDiagnostics package provides additional insights into cohort characteristics, 
record counts, and index event misclassification. The DrugExposureDiagnostics package evaluates 
ingredient-specific attributes and patterns in drug exposure records. Upon finalisation of the study protocol 
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and creation of the disease and drug cohorts of interest by DARWIN EU® Coordination Centre, these 
packages will be executed in each data sources by each data partners.  

Data source justification and key characteristics 

General information on the data sources planned to include in this study is provided in ANNEX I. Data 
sources description. The key characteristics are described below per data source. 

Croatian National Public Health Information System (NAJS), Croatia 

NAJS will be included in this study, as it is a registry data source that provides relevant information on CHT 
and the prescribing of sartans and other antihypertensive medication among individuals with CHT in the 
general paediatric population (children <19 years).   

Based on a preliminary feasibility assessment, the expected number of record counts for CHT is 
approximately 100,600 and the number of sartans prescriptions in children is estimated at 4,500.  

Data availability and follow-up in NAJS are sufficient to support the study objectives. NAJS has been 
collecting data since 2014, with the most recent data extraction dated 01/2025. This aligns with the study 
period. The median follow-up of the first observation period is 3,641 days (IQR: 3,111–3,736 days). 

Due to data availability constraints, the study period for this data source will be from January 2017 
onwards. 

Finally, IRB approval for NAJS is estimated to take 1 month, which facilitates the timely execution of this 
study within the current study timelines. 

Danish Data Health Registries (DK-DHR), Denmark 

DK-DHR will be included in this study, as it is a registry data source that provides relevant information on 
CHT and the prescribing of sartans and other antihypertensive medication among individuals with CHT in 
the general paediatric population (children <19 years).  

Based on a preliminary feasibility assessment, the expected number of person counts for CHT  is 
approximately 11,200 and the number of sartans prescriptions in children is estimated at 42,300. 

Data availability and follow-up in DK-DHR are sufficient to support the study objectives. DK-DHR has been 
collecting data since 1995, with the most recent data extraction dated 11/2024. This aligns with the study 
period. The median follow-up duration for the first observation period is 7,921 days (IQR: 2,609–10,903 
days). 

The study period for this data source will be from January 2015 until November 2024.  

Finally, DK-DHR has blanket approval for DARWIN EU® studies, which facilitates the timely execution of this 
study within the current study timelines. 

Finnish Care Register for Health Care (FinOMOP-THL), Finland 

FinOMOP-THL will be included in this study, as it is a registry data source that provides relevant information 
on CHT and the prescribing of sartans and other antihypertensive medication among individuals with CHT in 
the general paediatric population (children <19 years).  

Based on a preliminary feasibility assessment, the expected number of person counts for CHT is 
approximately 23,500 and the number of sartans prescriptions in children is estimated at 23,700.  

Data availability and follow-up in FinOMOP-THL are sufficient to support the study objectives. FinOMOP-
THL has been collecting data since 2011, with the most recent data extraction dated 10/2024. This aligns 
with the study period. The median follow-up of the first observation period is 5,022 days (IQR: 4,032–5,022 
days).  

The study period for this data source will be from January 2015 until October 2024. 
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Finally, IRB approval for FinOMOP-THL is estimated to take 1 month, which facilitates the timely execution 
of this study within the current study timelines. 

Clinical Data Warehouse of Bordeaux University Hospital (CDW Bordeaux), France 

CDW Bordeaux will be included in this study, as it is a hospital data source that provides relevant 
information on CHT and the prescribing of sartans and other antihypertensive medication among 
individuals with CHT in the general paediatric population (children <19 years). 

Based on a preliminary feasibility assessment, the expected number of person counts for CHT is 
approximately 9,300 and the number of sartans prescriptions in children is estimated at 1,900.  

Data availability and follow-up in CDW Bordeaux are sufficient to support the study objectives. CDW 
Bordeaux has been collecting data since 2005, with the most recent data extraction dated 06/2025. This 
aligns with the study period. The median follow-up of the first observation period in CDW Bordeaux is 384 
days (IQR: 60–2,448 days).  

There are no study specific limitations associated with CDW Bordeaux. 

Finally, IRB approval for CDW Bordeaux is estimated to take 1 month, which facilitates the timely execution 
of this study within the current study timelines. 

Integrated Primary Care Information (IPCI), Netherlands 

IPCI will be included in this study, as it is a primary care data source that provides relevant information on 
CHT and the prescribing of sartans and other antihypertensive medication among individuals with CHT in 
the general paediatric population (children <19 years). 

Based on a preliminary feasibility assessment, the expected number of person counts for CHT is 
approximately 1,800 and the number of sartans prescriptions in children is estimated at 2,700. 

Data availability and follow-up in IPCI are sufficient to support the study objectives. IPCI has been collecting 
data since 2006, with the most recent data extraction dated 12/2024. This aligns with the study period. The 
median follow-up of the first observation period in IPCI is 1,733 days (IQR: 791–3,074 days). 

There are no study specific limitations associated with IPCI.  

Finally, IRB approval for IPCI is estimated to take 1 month, which facilitates the timely execution of this 
study within the current study timelines. 

9.3. Study period 

The study period is from 01/01/2015 to 31/12/2024 or the most recent data available for each contributing 
data source. 

It should be noted for several data sources, the availability of the accurate data deviates from the start or 
end date of the study period. Detailed information about the study period per data partner can be found in 
Section 9.2.  

9.4. Follow-up  

For the descriptive disease epidemiology study (objective 1), follow-up will start on the earliest date within 
the study period (01/01/2015 – 31/12/2024) when an individual is recorded in the data source while aged ≤ 
18 years. 

For the drug utilisation study (objective 2), follow-up will start on the earliest date on which an individual 
has a record of CHT diagnosis while aged ≤ 18 years.  

End of follow-up will be defined as the earliest of 1) loss to follow-up, 2) death, 3) end of observation 
period (the latest available data), or 4) aged ≥ 19 years or older, whichever occurs first. 
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Estimating prevalence requires an appropriate denominator population and the corresponding observation 
time. Study participants will begin contributing person-time at risk as described above in Section 9.4 
Follow-up. 

An illustrative example of entry and exit into the denominator population is shown in Figure 2. In this 
example, the observation period of person IDs 1 and 2 starts before the study start date and the 
observation period ends after the study end date, so this person will contribute during the complete study 
period. Person ID 3 leaves when exiting the data source (the end of the observation period). Person ID 4 
enters the study when their observation period starts. Lastly, person ID 5 has two observation periods in 
the data source. The first period contributes time from the study start until the end of the observation 
period, the second starts contributing time again once the observation period starts and exits at the study 
end date. 

 

 

Figure 2. Included observation time for the denominator population. 

 

9.5. Study population with inclusion and exclusion criteria 

For prevalence calculations of CHT (objective 1), the study population will include all individuals who are 18 
years or younger and registered in the data source between the 1st of January 2015 and 31st of December 
2024 (or the latest data available of the respective data source). 

For prevalence calculations of prescribing of sartans and other antihypertensive medications in patients 
with CHT (objective 2), the study population will include all individuals registered in the data source with a 
condition occurrence of CHT, defined as a SNOMED diagnostic code for hypertension, in individuals who are 
18 years and younger, between the 1st of January 2015 and 31st of December 2024 (or the latest data 
available of the respective data source). The preliminary concept sets used for the identification of 
individuals with CHT are described in ANNEX III. 
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9.6. Variables 

9.6.1. Exposure 

Not applicable. 

9.6.2. Outcome 

Objective 1: 

The outcome for this objective is as follows: 

• Occurrence of CHT, defined as a recorded SNOMED diagnostic code for hypertension, in individuals 
aged 18 years or younger. 

Objective 2: 

The outcome for this objective is as follows: 

• Prescribing of pre-specified antihypertensive medication among individuals with CHT, defined as a 
recorded RxNorm prescription of pre-specified antihypertensive medication in individuals 
diagnosed with hypertension and aged 18 years or younger. 

o Sartans (WHO ATC codes C09CA, C09DA, C09DB, C09DX) will be assessed per drug class at 
WHO ATC level 4. 

o Other pre-specified antihypertensive medication (WHO ATC codes C03, C07, C08, C09) will 
be assessed per drug class at WHO ATC level 2. 

The preliminary concept sets used for the identification of outcomes are described in ANNEX III. These 
codes will be refined during the study execution following the DARWIN EU® phenotyping standard 
processes, which involves the review of phenotypes by the study team and EMA.  

9.6.3. Other covariates, including confounders, effect modifiers, and other variables.  

All objectives: 

The covariates for these objectives are as follows and will be assessed at the index date corresponding to 
each objective: 

• Age groups defined at index date namely 

o Overall paediatric population: individuals aged between >0 and <19 years 

o Children: individuals aged between >0 and <13 years 

o Adolescents: individuals aged between ≥13 and <19 years 

• Sex 

o Overall 

o Male 

o Female 

• Type of hypertension namely 

o Overall 

o Primary hypertension 

o Secondary hypertension 
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The preliminary concept sets used for the identification of the type of hypertension are described in ANNEX 
III. These codes will be refined during the study execution following the DARWIN EU® phenotyping standard 
processes, which involves the review of phenotypes by the study team and EMA. 

9.7. Study size 

No sample size has been calculated, as this is an exploratory study which will not test a specific hypothesis. 
Based on a preliminary feasibility assessment, the estimated number of record counts for CHT in the 
databases included in this study range from 1,800 (IPCI) to 100,600 (NAJS). The estimated number of record 
counts for sartans in children in the databases included in this study range from 1,900 (CDW Bordeaux) to 
23,700 (FinOMOP-THL). 

 

9.8. Analysis 

9.8.1. Federated network analyses  

All analyses will be conducted separately for each data source and will be carried out in a federated 
manner, allowing analyses to be run locally without sharing patient-level data.  

Before sharing the study package, test runs of the analytics will be performed on a subset of the data 
sources and quality control checks will be performed. After all the tests are passed (see ANNEX II. 
Additional information section Quality Control), the final package will be released in a version-controlled 
study repository for execution against all the participating data sources.  

The data partners will locally execute the analytics against the OMOP CDM in R Studio and review and 
approve the default aggregated results. They will then be made available to the Principal Investigators and 
study team in secure online repository (Data Transfer Zone). All results will be locked and timestamped for 
reproducibility and transparency. The study results of all data sources are checked after which they are 
made available to the team and the Study Dissemination Phase can start. All results are locked and 
timestamped for reproducibility and transparency. 

9.8.2. Patient privacy protection 

All analyses will be conducted separately for each data source and will be carried out in a federated 
manner, allowing analyses to be run locally without sharing patient-level data. Cell counts <5 will be 
suppressed when reporting results to comply with the data source’s privacy protection regulations.   

9.8.3. Statistical model specification and assumptions of the analytical approach considered  

R-packages 

The prevalence of CHT in the paediatric population and prescriptions of sartans and other antihypertensive 
medication among individuals with CHT will be calculated based on OMOP CDM mapped data using the 
IncidencePrevalence R package, developed by DARWIN EU® (https://github.com/darwin-
eu/IncidencePrevalence). 

Prevalence of CHT (objective 1) and of sartans and other antihypertensive medication prescriptions among 
individuals with CHT (objective 2) 

Prevalence will be calculated as annual period prevalence, which summarises the total number of 
individuals who are diagnosed with childhood hypertension (objective 1) or the number of individuals with 
childhood hypertension who use sartans or other pre-specified antihypertensive medication (objective 2) 
during a given year divided by the population at risk of getting exposed during that year. Therefore, period 
prevalence gives the proportion of individuals exposed at any time during a specified interval. Binomial 95% 
confidence intervals will be calculated. 

An illustration of the calculation of period prevalence is shown below in Figure 3.Error! Reference source 
not found. Between time t+2 and t+3, two of the five study participants are users of pre-selected drug of 

https://github.com/darwin-eu/IncidencePrevalence
https://github.com/darwin-eu/IncidencePrevalence
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interest giving a prevalence of 40%. Meanwhile, for the period t to t+1 all five also have some observation 
time during the year with one of the five study participants being a user of pre-selected drug of interest.  

 

 

Figure 3. Period prevalence example. 

 

Prevalence estimates will be stratified by type of hypertension, sex, and age group. The following types of 
hypertension will be used for stratification: primary hypertension and secondary hypertension. The 
following age groups will be used for stratification: children (aged between >0 and <13 years) and 
adolescents (aged between ≥13 and <19 years). Age at index date will be calculated using January 1st of the 
year of birth as proxy for the actual birthday. Date/month is either not present or cannot be made available 
for governance reasons. If available, date is often set to first of the month for patient’s privacy.  

Methods to deal with missing data 

For the drug utilisation studies we assume that the absence of a prescription record means that the person 
does not receive the respective drug. For indications, we assume that the missingness of a record of the 
respective condition mean that that condition is not the indication for the drug prescription. 

9.8.4. Output 

Output will include the following: 

PDF report including an executive summary, and the following table(s) and figure(s). 

• Table 1. Attrition table (objective 1-2). 

• Figure 1. Annual prevalence of CHT in the overall paediatric population per database (objective 1). 

• Figure 2. Annual prevalence of CHT in the paediatric population stratified by age group per 
database (objective 1). 

• Figure 3. Annual prevalence of CHT in the paediatric population stratified by sex per database 
(objective 1). 

• Figure 4. Annual prevalence of CHT in the paediatric population stratified by type of hypertension 
per database (objective 1). 

• Figure 5. Annual prevalence of sartans and other pre-specified antihypertensive medication 
prescriptions in individuals with CHT per database (objective 2). 

• Figure 6. Annual prevalence of sartans and other pre-specified antihypertensive medication 
prescriptions in individuals with CHT stratified by age group per database (objective 2). 
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• Figure 7. Annual prevalence of sartans and other pre-specified antihypertensive medication 
prescriptions in individuals with CHT stratified by sex per database (objective 2). 

• Figure 8. Annual prevalence of sartans and other pre-specified antihypertensive medication 
prescriptions in individuals with CHT stratified by type of hypertension per database (objective 2). 

An interactive dashboard will be generated by incorporating all the results (tables and figures) included in 
the PDF report mentioned above. 

9.9. Evidence synthesis 

Results from analyses described in Section 9.8 will be presented separately for each data source. No meta-
analysis of results will be conducted. 

 

10. STRENGTHS AND LIMITATIONS  

The study will be informed by routinely collected health care data, and it is important to consider several 
factors that may influence the interpretation of the results. This study will include data from multiple 
healthcare settings across 5 European countries (Croatia, Denmark, Finland, France, and Netherlands), 
including 3 registries, 1 hospital care, and 1 primary data source, to ensure a diverse sample. However, the 
results derived from these databases may not be generalisable to populations outside these countries or to 
other healthcare systems.  

The denominator used to calculate prevalence will vary across data sources. Hospital-based datasets will 
only include the paediatric population who had hospital encounters, while primary care and claims 
databases capture broader populations. These differences may affect the comparability of prevalence 
estimates across data sources. Therefore, prevalence estimates will be reported by data source type. 

Electronic health records and claims data were collected for clinical and administrative purposes rather 
than primarily for research use. As a result, data may be incomplete. Additionally, recorded prescription 
does not necessarily indicate that the patient actually took the drug. Therefore, assumptions of actual use 
are made. 

Differences in diagnostic criteria of CHT, coding practices, and the number of blood pressure measurements 
required may influence the identification of cases across data sources and affect prevalence estimates. 
Importantly, there is no universal classification of CHT, i.e., whether the diagnosis should be based on one 
or multiple blood pressure checks. This might affect the number of individuals diagnosed with CHT.   
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12. ANNEXES 

ANNEX I. Data sources description 

Croatian National Public Health Information System (NAJS), Croatia 

The National Public Health Information System (Nacionalni javnozdravstveni informacijski sustav - NAJS) is 
an organised system of information services by the Croatian Institute of Public Health. This database was 
established in 1998, with nationwide coverage, representing approximately 5.4 million inhabitants. Settings 
covered include public primary, secondary/outpatient, and inpatient care. Data is retrieved primarily from 
EHR and holds information on demographics, inpatient and outpatient visits, conditions and procedures, 
drugs (outpatient and inpatient prescriptions), measurements, and inpatient and outpatient dates of death. 
NAJS provides linkage between medical and public health data collected and stored in health registries and 
other health data collections, including cancer registry, mortality, work injuries, occupational diseases, 
communicable and non-communicable diseases, health events, disabilities, psychosis and suicide, diabetes, 
drug abuse, and others. The CDM population comprises all publicly insured persons residing in Croatia 
starting in 2015. NAJS will provide data from 2017 onwards only, as prior data might include information on 
duplicated patients. 

Danish Data Health Registries (DK-DHR), Denmark 

Denmark Danish health data is collected, stored, and managed in national health registers at the Danish 
Health Data Authority and covers the entire population which makes it possible to study the development 
of diseases and their treatment over time. There are no gaps in terms of gender, age, and geography in 
Danish health data due to mandatory reporting on all patients from birth to death, in all hospitals and 
medical clinics. Personal identification numbers enable linking of data across registers, so it captures data 
on all Danes throughout their lives, regardless of whether they have moved around the country. The high 
quality of Danish health data is attributed to standardisation, digitisation, and comprehensive 
documentation, which together enhance accuracy, consistency, and reliability, minimising potential for 
interpretation errors. The Danish Health Data Authority is responsible for the national health registers and 
for maintaining and developing standards and classifications in the Danish healthcare system. Legislation 
ensures balance between personal data protection and use. The current data release includes data on the 
entire Danish population of 5.9 million persons from 1995. It includes data from the following registries: 
The central Person Registry, The National Patient Registry, The Register of Pharmaceutical Sales, The 
National Cancer Register, The Cause of Death registry, the Laboratory Database (including coronavirus 
disease 2019 test results), and the Vaccination Registry (including COVID-19 vaccinations). 

Finnish Care Register for Health Care (FinOMOP-THL), Finland 

This database covers both public and private, primary, and specialised inpatient and outpatient health care 
encounters in Finland starting from 2011. The entire public sector and private inpatient encounters have 
been included since 2011, while private outpatient encounters, including occupational care, are included 
since 2020. The main content of the THL CDM is The Finnish Care Register for Health Care, which is a 
continuation of the former Hospital Discharge Register, which originally gathered data on patients 
discharged from hospitals. The Care Register has comprehensive data on the use of services and service 
users from Finnish public inpatient and outpatient primary and specialised care nationwide. Since 1998, the 
register has covered both public outpatient and inpatient specialised care and private inpatient care 
(TerveysHilmo). From 2011 the register has covered public primary care (AvoHilmo). From 2020 the register 
has covered private outpatient care and occupational care. In addition, the CDM also contains the 
vaccination data from the Finnish National Vaccination Register, the vaccination data from the Finnish 
National Vaccination Register, and COVID-19 test results from the Finnish National Infectious Diseases 
Register, which is maintained by THL. The CDM includes all the above-mentioned data sources and is 
limited to observation periods commencing after 1/1/2011. The National Population is used to form the 
base population. This ensures up-to-date location (municipality of residence) of patients and complete 
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death occurrences (although not the cause of death). Using the complete population as a basis for the 
person table also facilitates calculations on a population level, e.g., incidence rates. The current CDM 
population comprises all persons having been alive and residing in Finland since the beginning of 2011. 

Clinical Data Warehouse of Bordeaux University Hospital (CDW Bordeaux), France 

The clinical data warehouse of the Bordeaux University Hospital comprises electronic health records on 
more than 2 million patients with data collection starting in 2005. The hospital complex is made up of three 
main sites and comprises a total of 3,041 beds (2021 figures). The database currently holds information 
about the person (demographics), visits (inpatient and outpatient), conditions and procedures (billing 
codes), drugs (outpatient prescriptions and inpatient orders and administrations), measurements 
(laboratory tests and vital signs), and dates of death (in or out-hospital death).(11) 

Integrated Primary Care Information (IPCI), Netherlands 

The Integrated Primary Care Information (IPCI) database is a longitudinal observational database containing 
routinely collected data from computer-based patient records of a selected group of GPs throughout the 
Netherlands (N=723). IPCI was started in 1992 by the department of Medical Informatics of the Erasmus 
University Medical Center in Rotterdam, with the objective to enable better post marketing surveillance of 
drugs. The current database includes patient records from 2006 on, when the size of the database started 
to increase significantly. In 2016, IPCI was certified as Regional Data Center. Since 2019 the data is also 
standardized to the Observational Medical Outcomes Partnership common data model (OMOP CDM), 
enabling collaborative research in a large network of databases within the Observational Health Data 
Sciences and Informatics (OHDSI) community. The primary goal of IPCI is to enable medical research. In 
addition, reports are generated to inform GPs and their organizations about the provided care. 
Contributing GPs are encouraged to use this information for their internal quality evaluation. The IPCI 
database is registered on the European Medicines Agency (EMA) ENCePP resources database 
(http://www.encepp.eu).

http://www.encepp.eu/
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ANNEX II. Additional information 

DATA MANAGEMENT 

Data management 

All data sources have previously mapped their data to the OMOP common data model. This enables the use 
of standardised analytics and using DARWIN EU® tools across the network since the structure of the data 
and the terminology system is harmonised. The OMOP CDM was developed and maintained by the 
Observational Health Data Sciences and Informatics (OHDSI) initiative and is described in detail on the wiki 
page of the CDM: https://ohdsi.github.io/CommonDataModel and in The Book of OHDSI: 
http://book.ohdsi.org. 

The analytic code for this study will be written in R and will use standardized analytics wherever possible. 
Each data partner will execute the study code against their data source containing patient-level data and 
then return the results (csv files) which will only contain aggregated data. The results from each of the 
contributing data sites will then be combined in tables and figures for the study report. 

Data storage and protection 

For this study, participants from various EU member states will process personal data from individuals 
which is collected in national/regional electronic health record data sources. Due to the sensitive nature of 
this personal medical data, it is important to be fully aware of ethical and regulatory aspects and to strive 

to take all reasonable measures to ensure compliance with ethical and regulatory issues on privacy.     

All data sources used in this study are already used for pharmaco-epidemiological research and have a well-
developed mechanism to ensure that European and local regulations dealing with ethical use of the data 
and adequate privacy control are adhered to. In agreement with these regulations, rather than combining 
person level data and performing only a central analysis, local analyses will be run, which generate non-
identifiable aggregate summary results.  

The output files are stored in the DARWIN EU® Remote Research Environment. These output files do not 
contain any data that allow identification of subjects included in the study. The RRE implements further 
security measures to ensure a high level of stored data protection to comply with the local implementation 

of the General Data Protection Regulation (GDPR) (EU) 679/20161 in the various member states.  

QUALITY CONTROL 

General data source quality control  

A number of open-source quality control mechanisms for the OMOP CDM have been developed (see 
Chapter 15 of The Book of OHDSI http://book.ohdsi.org/DataQuality.html). In particular, it is expected that 
data partners will have run the OHDSI Data Quality Dashboard tool 
(https://github.com/OHDSI/DataQualityDashboard). This tool provides numerous checks relating to the 
conformance, completeness, and plausibility of the mapped data. Conformance focuses on checks that 
describe the compliance of the representation of data against internal or external formatting, relational, or 
computational definitions, completeness in the sense of data quality is solely focused on quantifying 
missingness, or the absence of data, while plausibility seeks to determine the believability or truthfulness of 
data values. Each of these categories has one or more subcategories and are evaluated in two contexts: 
validation and verification. Validation relates to how well data align with external benchmarks with 
expectations derived from known true standards, while verification relates to how well data conform to 
local knowledge, metadata descriptions, and system assumptions. 

Study specific quality control  

When defining cohorts for indications, a systematic search of possible codes for inclusion will be identified 
using CodelistGenerator R package (https://github.com/darwin-eu/CodelistGenerator). This software allows 

https://ohdsi.github.io/CommonDataModel
http://book.ohdsi.org/
http://book.ohdsi.org/DataQuality.html
https://github.com/OHDSI/DataQualityDashboard
https://github.com/darwin-eu/CodelistGenerator
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the user to define a search strategy and using this will then query the vocabulary tables of the OMOP 
common data model so as to find potentially relevant codes. In addition, the CohortDiagnostics R package 
(https://github.com/OHDSI/CohortDiagnostics) will be run if needed to assess the use of different codes 
across the data sources contributing to the study and identify any codes potentially omitted in error.  

The study code will be based on the R packages to estimate Prevalence using the OMOP common data 
model. This packages will include numerous automated unit tests to ensure the validity of the codes, 
alongside software peer review and user testing. The R package will be made publicly available via GitHub.  

PLANS FOR DISSEMINATING AND COMMUNICATING STUDY RESULTS 

A PDF report including an executive summary, and the specified tables and/or figures will be submitted to 
EMA by the DARWIN EU® CC upon completion of the study.  

An interactive dashboard incorporating all the results (tables and figures) will be provided alongside the 
PDF report. The full set of underlying aggregated data used in the dashboard will also be made available if 
requested. 

  

https://github.com/OHDSI/CohortDiagnostics
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ANNEX III. List of stand-alone documents  

Preliminary lists of conditions concepts definition are provided in the tables below: 

Table S1. Preliminary list of concept definition for childhood hypertension. 

Phenotype Concept name Concept id 
(including 
descendants) 

Exclude 
concept id 

Vocabulary 

Hypertension Hypertensive disorder 316866 None SNOMED 

 

Table S2. Preliminary list of concept definition for primary hypertension 

Phenotype Concept name Concept id 
(including 
descendants) 

Exclude 
concept id 

Vocabulary 

Primary 
hypertension 

Essential hypertension 
320128 

None SNOMED 

Primary 
hypertension 

Benign essential hypertension complicating 
pregnancy, childbirth and the puerperium with 
postnatal complication 

4062811 
None SNOMED 

Primary 
hypertension 

Benign essential hypertension complicating 
pregnancy, childbirth and the puerperium - not 
delivered 

314423 
None SNOMED 

Primary 
hypertension 

Benign essential hypertension complicating 
pregnancy, childbirth and the puerperium - 
delivered with postnatal complication 

320456 
None SNOMED 

Primary 
hypertension 

Benign essential hypertension complicating 
pregnancy, childbirth and the puerperium - 
delivered 

314103 
None SNOMED 

 

Table S3. Preliminary list of concept definition for secondary hypertension 

Phenotype Concept name Concept id 
(including 
descendants) 

Exclude 
concept id 

Vocabulary 

Secondary 
hypertension 

Secondary pulmonary hypertension 4339214 None SNOMED 

Secondary 
hypertension 

Secondary ocular hypertension due to ocular 
trauma 

37208896 None SNOMED 

Secondary 
hypertension 

Secondary hypertension 319826 None SNOMED 

Secondary 
hypertension 

Pulmonary venous hypertension due to 
compression of pulmonary great vein 

43020840 None SNOMED 

Secondary 
hypertension 

Pulmonary hypertension in systemic disorder 44783636 None SNOMED 

Secondary 
hypertension 

Pulmonary hypertension due to pulmonary veno-
occlusive disease 

604306 None SNOMED 

Secondary 
hypertension 

Pulmonary hypertension due to pulmonary 
disease with mixed restrictive and obstructive 
patterns 

605200 None SNOMED 



P4-C1-015 Study Protocol 

Version: V2.0 

Dissemination level: Public 

 

24/34 

Secondary 
hypertension 

Pulmonary hypertension due to pulmonary 
capillary hemangiomatosis 

604305 None SNOMED 

Secondary 
hypertension 

Pulmonary hypertension due to lung disease 
and/or hypoxia 

44783628 None SNOMED 

Secondary 
hypertension 

Pulmonary hypertension due to left heart disease 43020910 None SNOMED 

Secondary 
hypertension 

Pulmonary hypertension due to haematological 
disorder 

44782564 None SNOMED 

Secondary 
hypertension 

Pulmonary hypertension due to developmental 
abnormality 

605202 None SNOMED 

Secondary 
hypertension 

Pregnancy-induced hypertension 4167493 None SNOMED 

Secondary 
hypertension 

Pregnancy induced hypertension with pulmonary 
oedema 

44784483 None SNOMED 

Secondary 
hypertension 

Portal hypertension due to cystic fibrosis 45771017 None SNOMED 

Secondary 
hypertension 

Heritable pulmonary arterial hypertension due to 
BMPR2 mutation 

44783619 None SNOMED 

Secondary 
hypertension 

Heritable pulmonary arterial hypertension due to 
ALK1 or endoglin mutation 

44783620 None SNOMED 

Secondary 
hypertension 

Benign intracranial hypertension due to 
hypervitaminosis A 

44782842 None SNOMED 

Secondary 
hypertension 

Benign intracranial hypertension due to drug 44782841 None SNOMED 

 

Preliminary lists of concepts definitions for drug classes of antihypertensive medication are provided in the 
tables below: 

Table S4. Preliminary list of concept definition for sartans (WHO ATC level 4)  

Concept name ATC code Concept ID Include 
descendants 

Angiotensin II receptor blockers (ARBs), plain C09CA 21601823 Yes 

Angiotensin II receptor blockers (ARBs) and diuretics C09DA 21601833 Yes 

 Angiotensin II receptor blockers (ARBs) and calcium channel blockers C09DB 21601841 Yes 

 Angiotensin II receptor blockers (ARBs), other combinations C09DX 21601845 Yes 

 

Table S5. Preliminary list of concept definition for pre-specified antihypertensive medication (non-sartans 
(WHO ATC level 2)) 

Concept name ATC code Concept ID Include 
descendants 

DIURETICS C03 21601461 Yes 
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BETA BLOCKING AGENTS C07 21601664 Yes 

    

    

    

    

    

CALCIUM CHANNEL BLOCKERS C08 21601744 Yes 

    

    

    

 AGENTS ACTING ON THE RENIN-ANGIOTENSIN SYSTEM C09 21601782 Yes 
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ANNEX IV: ENCePP checklist for study protocols 

ENCePP Checklist for Study Protocols (Revision 4) 

Adopted by the ENCePP Steering Group on 15/10/2018 
 

Study title: 

DARWIN EU® - Childhood hypertension and sartans prescribing in children 

 

EU PAS Register® number: EUPAS1000000714 

Study reference number (if applicable): P4-C1-015 

 

Section 1: Milestones Yes No N/A Section 
Number 

1.1 Does the protocol specify timelines for      

1.1.1 Start of data collection1     

1.1.2 End of data collection2    6 

1.1.3 Progress report(s)     

1.1.4 Interim report(s)     

1.1.5 Registration in the EU PAS Register®     

1.1.6 Final report of study results.     

Comments: 

 

 

Section 2: Research question Yes No N/A Section 
Number 

2.1 Does the formulation of the research question and objectives 
clearly explain:  

    

2.1.1 Why the study is conducted? (e.g. to address an important public 

health concern, a risk identified in the risk management plan, an emerging 
safety issue) 

   8 

2.1.2 The objective(s) of the study?     

2.1.3 The target population? (i.e. population or subgroup to whom the 

study results are intended to be generalised)     

2.1.4 Which hypothesis(-es) is (are) to be tested?     

2.1.5 If applicable, that there is no a priori hypothesis?     

Comments: 

 

 

 
1 Date from which information on the first study is first recorded in the study dataset or, in the case of secondary use of data, the date from which 
data extraction starts. 
2 Date from which the analytical dataset is completely available. 
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Section 3: Study design Yes No N/A Section 
Number 

3.1 Is the study design described? (e.g. cohort, case-control, cross-sectional, 

other design)     9.1 

3.2 Does the protocol specify whether the study is based on 
primary, secondary or combined data collection? 

   9.2 

3.3 Does the protocol specify measures of occurrence? (e.g., rate, risk, 

prevalence)    9.8 

3.4 Does the protocol specify measure(s) of association? (e.g. risk, 

odds ratio, excess risk, rate ratio, hazard ratio, risk/rate difference, number 
needed to harm (NNH)) 

    

3.5 Does the protocol describe the approach for the collection and 
reporting of adverse events/adverse reactions? (e.g. adverse events 

that will not be collected in case of primary data collection) 
    

Comments: 

 

 

Section 4: Source and study populations Yes No N/A Section 
Number 

4.1 Is the source population described?    9.2, 9.5 

4.2 Is the planned study population defined in terms of:     

4.2.1 Study time period    9.3 

4.2.2 Age and sex    9.6 

4.2.3 Country of origin    9.2 

4.2.4 Disease/indication    9.6 

4.2.5 Duration of follow-up    9.4 

4.3 Does the protocol define how the study population will be 
sampled from the source population? (e.g. event or 

inclusion/exclusion criteria) 
   9.5 

Comments: 

 

 

Section 5: Exposure definition and measurement Yes No N/A Section 
Number 

5.1 Does the protocol describe how the study exposure is defined 
and measured? (e.g. operational details for defining and categorising 

exposure, measurement of dose and duration of drug exposure) 
   9.6.1 

5.2 Does the protocol address the validity of the exposure 
measurement? (e.g. precision, accuracy, use of validation sub-study) 

    

5.3 Is exposure categorised according to time windows?      

5.4 Is intensity of exposure addressed?  
(e.g. dose, duration) 

    

5.5 Is exposure categorised based on biological mechanism of 
action and taking into account the pharmacokinetics and 
pharmacodynamics of the drug? 

    

5.6 Is (are) (an) appropriate comparator(s) identified?     
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Comments: 

 

 

Section 6: Outcome definition and measurement Yes No N/A Section 
Number 

6.1 Does the protocol specify the primary and secondary (if 
applicable) outcome(s) to be investigated? 

   9.6.2 

6.2 Does the protocol describe how the outcomes are defined and 
measured?  

   9.6.2 

6.3 Does the protocol address the validity of outcome 
measurement? (e.g. precision, accuracy, sensitivity, specificity, positive 

predictive value, use of validation sub-study) 
    

6.4 Does the protocol describe specific outcomes relevant for 
Health Technology Assessment? (e.g. HRQoL, QALYs, DALYS, health care 

services utilisation, burden of disease or treatment, compliance, disease 
management) 

    

Comments: 

 

 

Section 7: Bias Yes No N/A Section 
Number 

7.1 Does the protocol address ways to measure confounding? (e.g. 
confounding by indication) 

    

7.2 Does the protocol address selection bias? (e.g. healthy user/adherer 

bias) 
    

7.3 Does the protocol address information bias? (e.g. misclassification of 

exposure and outcomes, time-related bias) 
    

Comments: 

 

 

Section 8: Effect measure modification Yes No N/A Section 

Number 

8.1 Does the protocol address effect modifiers? (e.g. collection of data 

on known effect modifiers, sub-group analyses, anticipated direction of effect)  
    

Comments: 

 

 

Section 9: Data sources Yes No N/A Section 
Number 

9.1 Does the protocol describe the data source(s) used in the study 
for the ascertainment of: 

    

9.1.1 Exposure? (e.g. pharmacy dispensing, general practice prescribing, 

claims data, self-report, face-to-face interview)     
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Section 9: Data sources Yes No N/A Section 
Number 

9.1.2 Outcomes? (e.g. clinical records, laboratory markers or values, claims 

data, self-report, patient interview including scales and questionnaires, vital 
statistics) 

   9.2, 9.6 

9.1.3 Covariates and other characteristics?    9.2, 9.6 

9.2 Does the protocol describe the information available from the 
data source(s) on: 

    

9.2.1 Exposure? (e.g. date of dispensing, drug quantity, dose, number of 

days of supply prescription, daily dosage, prescriber)     

9.2.2 Outcomes? (e.g. date of occurrence, multiple event, severity 

measures related to event) 
   9.2, 9.6 

9.2.3 Covariates and other characteristics? (e.g. age, sex, clinical and 

drug use history, co-morbidity, co-medications, lifestyle)    9.2, 9.6 

9.3 Is a coding system described for:      

9.3.1 Exposure? (e.g. WHO Drug Dictionary, Anatomical Therapeutic 

Chemical (ATC) Classification System)     

9.3.2 Outcomes? (e.g. International Classification of Diseases (ICD), Medical 

Dictionary for Regulatory Activities (MedDRA))    9.6 

9.3.3 Covariates and other characteristics?    9.6 

9.4 Is a linkage method between data sources described? (e.g. based 

on a unique identifier or other)      

Comments: 

 

 

Section 10: Analysis plan Yes No N/A Section 
Number 

10.1 Are the statistical methods and the reason for their choice 
described?  

   9.8 

10.2 Is study size and/or statistical precision estimated?    9.7 

10.3 Are descriptive analyses included?    9.8 

10.4 Are stratified analyses included?    9.8 

10.5 Does the plan describe methods for analytic control of 
confounding? 

    

10.6 Does the plan describe methods for analytic control of outcome 
misclassification? 

    

10.7 Does the plan describe methods for handling missing data?     

10.8 Are relevant sensitivity analyses described?     

Comments: 

 

 

Section 11: Data management and quality control Yes No N/A Section 
Number 

11.1 Does the protocol provide information on data storage? 
(e.g. software and IT environment, database maintenance and anti-fraud 
protection, archiving) 

   Annex II 
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Section 11: Data management and quality control Yes No N/A Section 
Number 

11.2 Are methods of quality assurance described?    Annex II 

11.3 Is there a system in place for independent review of study 
results?  

    

Comments: 

 

 

Section 12: Limitations Yes No N/A Section 
Number 

12.1 Does the protocol discuss the impact on the study results of:     

12.1.1 Selection bias?    10 

12.1.2 Information bias?     

12.1.3 Residual/unmeasured confounding? 
(e.g. anticipated direction and magnitude of such biases, validation sub-study, 
use of validation and external data, analytical methods). 

   
 

12.2 Does the protocol discuss study feasibility? (e.g. study size, 

anticipated exposure uptake, duration of follow-up in a cohort study, patient 
recruitment, precision of the estimates) 

   9.2, 9.7 

Comments: 

 

 

Section 13: Ethical/data protection issues Yes No N/A Section 
Number 

13.1 Have requirements of Ethics Committee/ Institutional Review 
Board been described? 

   9.2 

13.2 Has any outcome of an ethical review procedure been 
addressed? 

   
9.2 

13.3 Have data protection requirements been described?    Annex II 

Comments: 

 

 

Section 14: Amendments and deviations Yes No N/A Section 
Number 

14.1 Does the protocol include a section to document amendments 
and deviations?  

   5 

Comments: 

 

 

Section 15: Plans for communication of study results Yes No N/A Section 
Number 

15.1 Are plans described for communicating study results (e.g. to 

regulatory authorities)?  
   Annex II 
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Section 15: Plans for communication of study results Yes No N/A Section 
Number 

15.2 Are plans described for disseminating study results externally, 
including publication? 

    

Comments: 

 

 

Name of the main author of the protocol: Dina Vojinovic 

Date: 18th July 2025  

Signature:    
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ANNEX V: Glossary 

Aggregated Data 

Data collected and combined from multiple sources to generate summary information, typically 

anonymized. 

Benefit-Risk Assessment 

Evaluation of the positive therapeutic effects of a medicine compared to its risks (e.g., side effects). 

Common Data Model (CDM) 

A standardized data structure that enables data from multiple sources to be harmonized, making analysis 

consistent and reproducible. DARWIN EU® utilizes the OMOP CDM maintained by the OHDSI community . 

Complex Studies (C3) 

Studies requiring the development or customization of specific study designs, protocols, and Statistical 

Analysis Plans (SAPs), with extensive collection or extraction of data. Examples include etiological studies 

measuring the strength and determinants of an association between an exposure and the occurrence of a 

health outcome in a defined population considering sources of bias, potential confounding factors, and 

effect modifiers. 

Coordination Centre (CC) 

The central hub responsible for managing and overseeing the activities within DARWIN EU®. It is based at 

Erasmus University Medical Center in Rotterdam, Netherlands . 

Data Access 

The process of obtaining permission to use specific datasets for regulatory or scientific studies. 

Data Quality Framework 

A set of standards and procedures to ensure accuracy, completeness, timeliness, and consistency of data 

used in DARWIN EU®. 

Data Source 

A database or repository of structured health-related data, such as electronic health records (EHRs), 

insurance claims, or registries. 

DARWIN EU® 

The European Medicines Agency's (EMA) federated network of real-world data sources designed to 

generate evidence to support regulatory decision-making. 

EMA (European Medicines Agency) 

The regulatory body responsible for the evaluation and supervision of medicinal products in the EU, 

overseeing DARWIN EU®. 

Evidence Generation 

The process of analysing real-world data to produce scientific information that can inform healthcare or 

regulatory decisions. 
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Federated Network 

A data infrastructure where data remain at their original location but can be analysed in a harmonized way 

across multiple partners using a common model and tools. 

GDPR (General Data Protection Regulation) 

The EU regulation governing the protection of personal data and privacy, crucial to how DARWIN EU® 

handles health data. 

Health Technology Assessment (HTA) 

A systematic evaluation of properties and impacts of health technology, often using DARWIN EU® data to 

support assessments. 

Metadata 

Descriptive information about a data source (e.g., its content, quality, and structure), essential for 

identifying relevant databases in DARWIN EU® studies. 

Off-the-Shelf Studies (OTS) 

Studies for which a standard protocol per study/analysis type and standardized analytics may be developed 

and applied or adapted, typically relating to a descriptive research question. This includes studies on 

disease epidemiology, for example, the estimation of the prevalence or incidence of health outcomes in 

defined time periods and population groups, or drug utilization studies at the population or patient level. 

OHDSI (Observational Health Data Sciences and Informatics) 

An open-science collaborative community that develops tools and standards (including the OMOP CDM) to 

enable large-scale analytics of observational health data. OHDSI provides the technical and scientific 

foundation for DARWIN EU®’s analytical ecosystem.  

Patient-Level Data 

Data related to individual patients, often de-identified, used for longitudinal or detailed analyses. 

OMOP (Observational Medical Outcomes Partnership) 

A common data model (CDM) that standardizes the structure and content of observational healthcare data, 

enabling systematic analysis across disparate datasets. DARWIN EU® uses the OMOP CDM to ensure 

interoperability and consistency in real-world evidence generation. 

Real-World Data (RWD) 

Data relating to patient health status or healthcare delivery that is collected from routine clinical practice 

rather than from randomized controlled trials. 

Real-World Evidence (RWE) 

Clinical evidence derived from the analysis of RWD, used to inform decisions by regulators, payers, or 

clinicians. 

Regulatory Decision-Making 
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The process by which authorities like EMA assess data to authorize, monitor, or modify the use of 

medicines in the EU. 

Routine Repeated Studies (RR) 

Studies that are either Off-the-Shelf or Complex studies repeated on a regular basis, following the same 

protocol and study code, but with updated data and/or different data partners. 

Study Protocol 

A detailed plan describing how a specific real-world study will be conducted, including objectives, design, 

data sources, and analyses. 

Very Complex Studies (C4) 

Studies which cannot rely only on electronic health care databases, or which would require complex 

methodological work, for example, due to the occurrence of events that cannot be defined by existing 

diagnosis codes, including events that do not yet have a diagnosis code, where it may be necessary to 

combine a diagnosis code with other data such as results of laboratory investigations. These studies might 

require the collection of data prospectively, or the inclusion of new (not previously onboarded) data 

sources. 

 

 

 

 


