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SHORT COMMUNICATION
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ABSTRACT
Background: The SARS-Cov-2 pandemic was associated with a substantial rise in trauma and 
stressor exposure. The Co-RESPOND consortium (part of the EU horizon 2020-funded RESPOND 
project) has been initiated to study the impact on mental health, using longitudinal data of 
separate international cohorts.
Aims: The Co-RESPOND initiative aims to retrospectively harmonize mental health and 
resilience data of ongoing longitudinal cohort studies at the individual participant level; to 
create an interoperable network of cohorts within a secure environment; to manage these 
data along with harmonization products (e.g. transformation procedures and variable 
dictionaries) according to the FAIR principles; and to keep this network live in order to add 
new data waves or to be joined by new cohorts.
Methods: Data were harmonized retrospectively according to the Maelstrom guidance. A 
federated data network (FDN) was created using the OBiBa software suite.
Results: To date, Co-RESPOND consists of nine European cohorts and one global cohort, including 
50,885 individual participants. This paper presents Co-RESPOND as a case study for retrospective 
harmonization of decentralized data where teams collected and transformed data without prior 
coordination, facing methodological as well as regulatory challenges. The process of this project 
is outlined in detail, so it could be applied by other researchers for future projects. Its outcomes 
and the resulting data harmonization products are presented.
Conclusions and outlook: The harmonized data are now ready to be shared with external 
partners for analyses, and Co-RESPOND is open for more partners to join. Lessons learned 
throughout the project will be reported, and established classification standards will be 
recommended for use to generate data sets that are available for joint analyses from the start.

Trial registration: ClinicalTrials.gov identifier: NCT04556565.

Co-RESPOND: Una red federada de cohortes sobre salud mental y 
adversidad durante la pandemia COVID-19. Desafíos, soluciones y 
recomendaciones para la armonización de datos retrospectivos  
Antecedentes: La pandemia de SARS-Cov-2 se asoció con un alza importante de la exposición 
a trauma y factores estresantes. El consorcio Co-RESPOND (parte del proyecto RESPOND 
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HIGHLIGHTS
• Longitudinal cohort data 

collected during the 
COVID-19 pandemic hold 
an extraordinary 
opportunity to study the 
impact of elevated trauma 
and stressor prevalence on 
trauma and mental health.

• This project aims to 
retrospectively harmonize, 
i.e. transform, already 
collected data of originally 
separate cohorts in a way  
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financiado por la UE en el marco del programa horizonte 2020) se ha puesto en marcha para 
estudiar el impacto en la salud mental, utilizando datos longitudinales de distintas cohortes 
internacionales.
Objetivo: La iniciativa Co-RESPOND tiene como objetivo armonizar retrospectivamente los 
datos de salud mental y resiliencia de los estudios de cohortes longitudinales en curso a 
nivel de participante individual; crear una red interoperable de cohortes dentro de un 
ambiente seguro; gestionar estos datos junto con los productos de armonización (ej., 
procedimientos de transformación y diccionarios de variables) de acuerdo a los principios 
FAIR; y mantener esta red activa para agregar nuevas oleadas de datos o para que se unan 
a nuevas cohortes.
Métodos: Los datos se armonizaron retrospectivamente de acuerdo con la guía Maelstrom. Se 
creo una red de datos federada (FDN por sus siglas en ingles) utilizando el paquete de software 
OBiBa.
Resultados: Hasta la fecha, Co-RESPOND consta de nueve cohortes europeas y una cohorte 
mundial, con 50.885 participantes. Este artículo presenta Co-RESPOND como un caso 
estudio de armonización retrospectiva de datos descentralizados, donde los equipos 
recopilaron y transformaron los datos sin coordinación previa, afrontando desafíos 
metodológicos y regulatorios. El proceso de este proyecto se describe en detalle para que 
otros investigadores puedan aplicarlo en proyectos futuros. Se presentan sus resultados y 
los productos de armonización de datos resultantes.
Conclusiones y perspectivas: Los datos armonizados ya están listos para ser compartidos con 
pares externos para su análisis y Co-RESPOND está abierto a la incorporación de más socios. Se 
informará sobre las lecciones aprendidas a lo largo del proyecto y se recomendarán los 
estándares de clasificación establecidos para generar conjuntos de datos disponibles para 
análisis conjuntos desde el inicio.

that it can be analysed 
jointly on the individual- 
participant level, and to 
manage data sustainably 
in a fair (findable, 
accessible, interoperable, 
and reusable) way.

• Ten cohort studies 
covering mental health 
outcomes of more than 
50.000 individuals have 
been harmonized so far. 
The data sets are available 
within a federated data 
network and can be 
accessed upon request for 
further analyses.

1. Background

The COVID-19 pandemic has been associated with a 
substantial rise in trauma and stressor exposure 
(O’Donnell & Greene, 2021). Though traumatic events 
in a narrower sense, such as defined by DSM-5 cri
terion A (e.g. sudden severe illness of or loss of 
loved ones, or being exposed to sudden deaths of 
people) were more prevalent in exposed populations 
such as health care workers, the general population 
was exposed to pandemic-related stressors such as 
increased care responsibilities due to school or child
care closures, or limited access to social resources 
due to distancing measures. Exposure to traumatic 
events and stressors in general varied greatly within 
the general population: women were disproportionally 
affected by domestic violence or caring for children or 
elderly in need of care as compared to men, and young 
people were specifically affected by the consequences 
of school and university closures, to name only a few 
of the many groups which were majorly impacted 
(Stoffers-Winterling et al., 2025; Witteveen et al., 
2023). Such differential exposure to stressors has 
partly explained the variation in mental health out
comes in the general population (COVID-19 Mental 
Disorders Collaborators, 2021; Sun et al., 2023). How
ever, there is also evidence of differential responses to 
adversity within similarly exposed populations (Java
khishvili et al., 2022; Schäfer et al., 2022). To better 
understand the impacts that the pandemic had on 
mental health, it is important to take a trauma and 
resilience perspective, so individual, social and societal 
factors could be identified that have an impact on an 
individual’s response to adversity in terms of traumatic 

and/or general stressors (O’Donnell & Greene, 2021), 
and to study how negative outcomes could best be 
addressed and positive outcomes fostered.

Researchers across the world studied the immediate 
and long-term effects of the COVID-19 pandemic and 
mitigation measures on mental health (Ahmed et al., 
2023). Longitudinal mental health data collected 
throughout the pandemic offer a unique opportunity 
to study the effect of population-level and individual 
level adversity on mental health worldwide (Sun 
et al., 2023). However, to harness these datasets fully, 
and to compare data from different populations and 
areas in the world, it is vital to combine longitudinal 
studies and increase their sustainability, accessibility 
and transparency so that they can be utilized for future 
research in joined analyses. Harmonizing and linking 
data of separate longitudinal cohorts holds diverse 
advantages (Fortier et al., 2017): First, the collabora
tive analysis of several cohorts together increases stat
istical power simply by enlarging the overall sample 
size. This offers opportunities for big data analysis 
with sophisticated statistical analysis strategies (e.g. 
machine learning approaches) and the identification 
of more subtle effects or smaller high-risk groups 
that cannot be detected in smaller samples. For 
instance, if not representative, surveys tend to include 
fewer participants of lower socio-economic status, as 
well as older adults (Sun et al., 2023; Veer et al., 
2021). Second, several cohorts provide a better gener
alizability (or external validity) of findings, as broader 
contexts and more diverse person groups are rep
resented. At the same time, the exposure heterogeneity 
is enhanced, i.e. the chance to detect relevant 
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predictors of mental health and resilience trajectories 
is better. Still, the use of several cohorts allows for 
cross-validation or replication of findings across data
sets and making comparisons between different popu
lations and regions. Third, a curated dataset that is 
overseen by a consortium can be more efficient and 
will promote FAIR (Wilkinson et al., 2016) (Findable, 
Accessible, Interoperable, and Reusable) publication 
and data sharing for third parties, since there will be 
only one focal point for obtaining access to the data. 
The FAIR guiding principles for scientific data man
agement and stewardship have been developed to 
enhance the reuse of scientific data, thus improving 
research efficiency. The collaboration of researchers 
is fostered, since FAIR publication helps to make 
research and existing data visible to others, thus avoid
ing redundant efforts but encouraging reuse and test
ing for the reproducibility of existing findings. At the 
same time, interdisciplinary, innovative research is 
stimulated. FAIR data publication and stewardship 
has become more and more accepted within the scien
tific community and is expected by agencies and pub
lishers as well as funding agencies. Fourth, if 
sustainable research collaborations are built, future 
research agendas could take a more integrative per
spective by using available data resources, building 
on already available findings and avoiding research 
waste (Glasziou et al., 2014). In the long-term, foster
ing the sustainability of research findings is both an 
ethical as well as an economic necessity and increases 
a timely evolvement of reliable evidence on popu
lations at risk for increased COVID-19 related distress 
that informs different kinds of stakeholders and con
sumers (Fortier et al., 2012; Fortier et al., 2017).

The RESPOND project (RESPOND project, 2022) 
(EU Grant Agreement No 101016127) was initiated 
with the aim of generating such evidence and improv
ing the preparedness of health systems to reduce men
tal health and psychosocial concerns that resulted 
from the COVID-19 pandemic. Aiming to identify 
risk and resilient groups in terms of mental health 
using individual-level data, the Co-RESPOND project 
was started as an initiative of researchers involved in 
longitudinal cohort research.

The Co-RESPOND group agreed on the following 
targets: To retrospectively harmonize mental health 
and resilience data of ongoing longitudinal cohort 
studies; to create an interoperable network of cohorts 
within a secure environment; and to manage these 
data along with harmonization products (e.g. trans
formation procedures and variable dictionaries) 
according to the FAIR principles (Wilkinson et al., 
2016) sustainably and transparently; and to keep this 
network live in order to add new data waves or to be 
joined by new cohorts.

Beyond improving preparedness for future pan
demics, the Co-RESPOND IPD dataset could reveal 

insights into mental health during sustained periods 
of adversity. Combining several datasets enlarges the 
variance of studied populations and contexts and 
allows for analyzing subgroups that are underrepre
sented in individual cohorts, thus having too little stat
istical power to detect effects. The expansion of study 
contexts, e.g. in terms of countries and mitigation 
regulation, allows for analyzing moderating effects, 
which cannot be done if only individual data sets are 
considered. In the aftermath of the pandemic, policy 
makers and decision-makers now recognize that men
tal health must be prioritized in efforts for future pan
demic preparedness. Longitudinal data on mental 
health that has been collected throughout the pan
demic and is now essential to create reliable evidence 
that informs decision and policy makers about ade
quate measures to be taken in preparation for or 
during future pandemics, foster resilience and allocate 
resources to vulnerable groups.

This paper presents the Co-RESPOND initiative, a 
case study for retrospective harmonization of decen
tralized data where teams collected and transformed 
data without prior coordination in the European Gen
eral Data Protection Regulation (GDPR) era (REGU
LATION (EU), 2016/ 679 OF THE EUROPEAN 
PARLIAMENT AND OF THE COUNCIL – of 27
April 2016), facing methodological as well as regulat
ory challenges. The process of this project is outlined 
in detail, so it could be applied by other researchers 
for future projects, and its outcomes and the resulting 
data harmonization products which are now ready to 
be shared with external partners are presented. Les
sons learned will be reported, and established classifi
cation standards will be recommended as they should 
be applied for data collection to generate data sets that 
are available for joint analyses from the start.

2. Methods

2.1. Data privacy and security: Implications of 
data protection regulations

The European General Data Protection Regulation 
(GDPR) is the binding legal privacy and security law 
that had to be considered (REGULATION (EU) 
2016/679 OF THE EUROPEAN PARLIAMENT 
AND OF THE COUNCIL - of 27 April (2016). ‘Data 
concerning health’ are listed as one of eight special cat
egories of personal data which are related to funda
mental rights and freedoms of an individual and 
merit higher protection (REGULATION (EU), 2016/ 
679 OF THE EUROPEAN PARLIAMENT AND OF 
THE COUNCIL – of 27 April 2016, article 9.1). Before 
the concrete data harmonization process could be 
initiated, data sharing agreements, as well as data 
security and protection issues were discussed and 
agreed upon.
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Each data owner consulted their local data protec
tion officers and reviewed their original ethics 
approval as well as the original data privacy statements 
that the participants had signed as they entered the 
studies. The data owners also made sure with their 
local data protection officers if any national regu
lations had to be considered in addition to GDPR. It 
was agreed that the use of pseudonymized data 
would have required the specific, unambiguous con
sent from all cohort participants to process their indi
vidual data for the purpose of the Co-RESPOND 
project (Marcon et al., 2021). Following these consul
tations, it was decided that sharing anything other 
than anonymized data would require renewed 
informed consent from each individual participant 
included in the respective cohorts, which was deemed 
unfeasible. Therefore, all data were fully anonymized 
for privacy protection before sharing.

2.2. Anonymization

Appropriate anonymization irreversibly prevents all 
parties (including the partner who performed the 
anonymization procedure) from singling out an indi
vidual person within a dataset, meaning that it is 
impossible to isolate some or several records which 
might identify an individual in the data set. In general, 
anonymization prevents the inference of any infor
mation concerning an individual, like deducing, with 
some probability, the likely value of an attribute 
from the value of other information included within 
the data set. Likewise, anonymization needs to ensure 
that linking two records within a data set or between 
separate data sets is impossible, whether or not these 
linked records could be associated with a specific indi
vidual or not. In contrast to pseudonymization, any 
anonymization of data is irreversible, whereas pseudo
nymized data could in general still be assigned to an 
individual data subject by use of additional infor
mation, even if this information is kept separately 
and unavailable to external users. Once anonymized, 
personal data cannot be linked to a natural person 
anymore and the GDPR no longer applies.

Data owners anonymized their data sets on-site fol
lowing a standard operating procedure (SOP) created 
by the RESPOND coordinator (VU University 
Amsterdam; Supplementary Material S1). In concor
dance with the GDPR, the minimization of data use 
was an underlying rationale, so only data that had 
been identified as necessary for the Co-RESPOND 
project (s. 2.4) were considered. After identification 
and removal of information, which was not needed 
for the purpose of Co-RESPOND, it was made sure 
that no direct identifiers (e.g. personal information 
such as name, e-mail address etc.) were included 
within the data sets that could uniquely identify indi
viduals. Also, any quasi-identifiers that could be used 

to identify individuals if used in combination (e.g. 
geographic information, socio-economic data, dis
order-related information) were critically checked to 
be unspecific enough to prevent any singling out of 
an individual. Particularly, geographic data was 
recoded into larger categories of at least 150.000 
inhabitants, corresponding to EU NUTS-level 3 
(NUTS = nomenclature of territorial units for stat
istics (Overview - Eurostat, 2024). Date of birth was 
recalculated into age at inclusion, and any age above 
89 years was merged into a single category of ‘90 or 
older’. Using generalization, i.e. after recoding data 
into broad intervals by rounding or aggregating 
them, any data was checked to be generic enough to 
prevent the identification of an individual. Last, the 
original study IDs which were used within the study 
cohorts to assign different data points to an individual 
data subject were replaced by new, random sequence 
identification numbers.

2.3. Technical implementation

2.3.1. Documents relating to harmonization
All documents relating to the anonymization and har
monization procedure were made available as living 
documents to the collaborating partners and remained 
continuously accessible to the collaborating partners. 
Within these documents, any questions arising during 
the data transformation process were collected on a 
dashboard and solutions posted. Issues were also 
solved in online meetings. Data dictionaries, SOPs, 
questionnaires and additional advisory (e.g. a binding 
sequence of questionnaire items, standard classifi
cations of sociodemographics) were documented to 
avoid inconsistent transformation, or coding of data.

2.3.2. Data sharing
In order to ensure data protection and avoid concrete 
data sharing, a federated data analysis network (FDN) 
was established. Instead of conventional data reposi
tories which centrally archive data, FDNs consist of 
an IT infrastructure of linked local data servers. The 
data remains on the local servers of the data owners 
who may not be allowed to share the data due to 
data protection regulations (e.g. GDPR). Instead of 
sharing individual participant data (IPD), the owning 
partners could allow collaborating sites to run compu
tations using these IPD, while only the results of these 
analyses, i.e. aggregated, non-disclosive data is 
received. Thus, data privacy is granted, but data can 
still be used by external partners (Gaye et al., 2014). 
An FDN usually consists of a star-like infrastructure 
of local servers. Central access is hosted by the leading 
institution (LIR), while this point is linked to individ
ual local nodes which are hosted by the individual 
collaborating institutions. These collaborating insti
tutions might or might not themselves be linked to 
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other partners directly, depending on the project. An 
FDN allows for applying agile methods of analysis 
on the participant level without directly sharing the 
data. The FDN was facilitated with the OBiBa 
(https://www.obiba.org/) software suite (Marcon 
et al., 2021), providing interoperable, open-access 
tools for establishing such a federated client-server 
infrastructure for data management, harmonization 
and dissemination. Three of these tools were used in 
the context of Co-RESPOND: Opal, Mica and Agate.

Opal (https://www.obiba.org/pages/products/opal)19
is the data repository, where each collaborating part
ner on-site stores their data. Each partner runs their 
own local Opal instance (with MongoDB, Maria DB, 
PostgreSQL and/or MySQL as back-end engines) 
where individual-level data are imported. The Opal 
warehouse allows for storing data of any type. 
Most partners uploaded their data sets as csv, 
or SPSS files. Any individual-level data will stay on 
the local servers constantly and will not leave or 
physically be shared. Due to its integration with the 
R software, complex statistical analyses can be 
performed.

Mica (https://obiba.org)19 is a tool that allows for 
extraction of meta-data from Opal dataset diction
aries, such as summary values. It can be used as a 
data web application providing non-confidential 
meta-data within a searchable data catalogue, such 
as geographical coverage of the available data set, sum
mary descriptives like minimum, maximum, mean, 
standard deviation, or counts, participant inclusion 
criteria, sample sizes or data collection timelines. 
Therefore, Mica could be used to identify cohorts or 
participants with several characteristics, e.g. including 
a particular age range, or assessing a particular out
come in association with certain risk factors. Mica 
could therefore be used as a ‘window’ to the harmo
nized data sets for external researchers, who could 
retrieve non-confidential meta-information about the 
included data and be helpful for researchers to identify 
datasets that might be relevant to their research 
question.

Agate (https://www.obiba.org/pages/products/agate/) 
is used for user management. It is the central authentica
tion server which allows for creating user profiles and 
password management. Access settings can be individu
ally tailored, from access to study site servers down to the 
level of individual data set items, Agate can also be used 
to manage e-mail communication with members, i.e. 
notifying them about site policies, or news relevant to 
all of them or only defined member groups.

From our experience, the installation and set-up of 
the local OBiBa infrastructure requires close collabor
ation with IT departments but can then usually be 
administered by researchers without advanced IT 
knowledge. There is thorough guidance freely avail
able (https://www.obiba.org), and a very responsive 

Google group that also the OBiBa developers are par
ticipating in (https://groups.google.com/g/obiba- 
users?pli=1). From our experience, any problems 
were solvable using this channel.

2.4. Retrospective harmonization of data

We followed the Maelstrom guidelines (Fortier et al., 
2017) which describe a framework for data retrospec
tive harmonization of observational data. According 
to this guidance, the harmonization process followed 
six steps: definition of project objectives and research 
questions, collection of information about candidate 
cohorts and final section of relevant studies, definition 
of target variables and evaluation of the concrete har
monization potential across cohorts, data processing, 
quality checks, and finally dissemination and preser
vation of the final harmonization products (Fortier 
et al., 2017).

2.4.1. Cohort eligibility
The overall objective of Co-RESPOND was to harmo
nize longitudinal data on mental health collected 
during the COVID-19 pandemic, allowing us to inves
tigate the impact of the pandemic on the mental health 
and well-being of the general population and 
vulnerable groups, and to identify relevant traumatic 
stressors. Candidate cohorts were identified by part
ners of the RESPOND consortium (RESPOND pro
ject, 2022), resulting in an ad-hoc sample of 10 
cohorts.

To be included, cohorts had to assess adult partici
pants (age 18 or over) for whom at least two peri-pan
demic data points were or would soon become 
available as the Co-RESPOND-project was started 
(May 2021). Notably, Co-RESPOND is intended to 
be a living cooperation and is open for more cohorts 
reporting longitudinal data from the COVID-19 pan
demic to join (see section 4.1, p. 35). Cross-sectional 
studies were not eligible. Pre-pandemic baseline data 
were not an inclusion criterion, but if a cohort had 
already been running before the pandemic, the 
researchers were asked to provide at least one pre-pan
demic baseline assessment.

2.4.2. Procedure
For each contributing cohort, a research expert as well 
as an IT expert were requested. Two kinds of work
shops were facilitated with the two types of experts: 
data harmonization workshops with research experts, 
and technical workshops with IT experts of each site. 
Not every site was able to provide an extra IT expert, 
but the researchers on-site managed to proceed with 
the help of shared expertise and experience of the 
remaining IT experts.

Harmonization was discussed in a set of four work
shops led by JSW, PPR and CD with researchers of the 
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Co-RESPOND partners’ network. In these, the har
monization potential of data sets was assessed against 
the overarching target of the Co-RESPOND project 
(see Table 1). During the workshops, the harmoniza
tion strategy and concrete procedures were elaborated, 
and performed by each study site between workshops. 
The topics of the technical workshops were decided by 
current issues.

Initially all contributors were asked to add their 
variables of interest to an overview, so that each data 
owner could identify what variables needed to be 
included in the shared data set. Original codebooks 
were also made available so that external contributors 
could see if there were any additional variables of 
interest in the studies.

The agreed harmonization procedure was made 
available in Excel spreadsheets and each cohort 
added their implementation in a new tab. In total 
there were 20 variables that had agreed harmonization 
instructions (Supplementary Material S2). All vali
dated questionnaires were put into the format of 
their published versions. Further formatting require
ments were outlined in the data transformation hand
book, a living document that was updated and 
amended as needed, including a dashboard where cur
rent issues could be posted, and recent updates were 
summarized (Supplementary Material S3).

For each cohort, a single data set was prepared in 
long format.csv tables, meaning that any data or data 
attributes were presented as columns. After the 

Table 1. Data harmonization workshops.
Workshop 
number Topic Outcome

1 . Kick-off workshop
. Introduction of partners and cohorts
. Presentation of preliminary research questions of individual Co- 

RESPOND partners
. Assembly of information and selection of studies
. Draft of data Schema: definition of variable domains (e.g. 

sociodemographic) and individual variables (e.g. gender) of 
interest

. Evaluation of harmonization potential

. Introduction to OBiBa

. Discussion of anonymization

. Outline of timeline

. Codebooks of all studies made available to all partners

. Preliminary data scheme of target variable domains and 
individual variables drafted

. Participants invited to assure, refine or add individual research 
question against the data schema

2 . Presentation by workshop-leaders
. Evaluation and summary of between-session feedback of 

partners regarding research question updates
. Data dictionaries for variables to be completed by individual 

partners during the workshop
. Discussion of anonymization
. Hands-on completion of data dictionaries of individual partners 

in parallel during the workshop Sociodemographic variables
. Mental health outcomes
. Assessment timepoints

. Harmonization potential within all domains evaluated

. Completion of variable dictionaries (holding the labels of the 
new harmonized variables along with variable levels) by data 
owners for the first three variable domains

3 . Discussion of harmonization potential of psychometric variables 
(i.e. questionnaire data)

. Discussion of enrichment of the data set by addition of new 
context variables

. Pilot harmonization

. Identification of new variables to be added to datasets:

. Strictness of local current mitigation measures:

. Oxford stringency indices

. Google mobility data

. EU geographical reference codes that allow linking data to any 
Eurostat indicator sets (Nomenclature of territorial units for 
statistics, NUTS code)

. UN geographical reference for non-EU located participant data 
(Standard Country or Area Codes for Statistical Use, Series M, 
No. 49, UN M49 code)

. Income quintiles/quartiles according to World Bank statistics

4 . Introduction to the concept of possible stressor items
. Dataset preparation
. Provision of English questionnaire versions for each scale, to be 

used as an obligatory reference for numbering questionnaire 
items (esp. if non-English questionnaire translations had been 
used)

. Finalization of the anonymization SOP

. Discussion of potential mistakes

. Introduction to Opal and technical environment

. Introduction to upcoming quality checks

. Manual data checks by data-providing partners

. Central quality checks by alternate partners

. Automated quality checks using the R package ‘dataReporter’ 
(Petersen & Ekström, 2019)

. Agreement for structure of data access request

. Agreement of data quality check procedure

. Creation of variable list
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anonymization procedure was completed, the data sets 
were exported in comma-separated variables (csv) for
mat, so they could be imported into common software 
packages like Microsoft Excel or analysis programs 
like R.

Technical requirements were discussed in a series 
of meetings with IT experts. After an initial kick-off 
workshop, follow-up meetings were scheduled as 
needed, and a living document was made available 
explaining any procedures and including a dashboard 
of upcoming questions and updates of the document.

2.4.3. Mental health variables
All types of standardized psychometric data on mental 
health were considered for harmonization, including 
diagnoses, scales assessing depression, anxiety, general 
mental health, mental distress, suicidality, trauma- 
related symptoms and well-being. Notably, the coordi
nating teams pursued different objectives and research 
questions. Therefore, diverse facets and concepts of 
mental health were investigated, some overlapping, 
some not. It was agreed to include item-level infor
mation instead of already aggregated data (e.g. sub
scale scores), to keep the harmonized data as much 
in its original state as possible, and available for any 
new analyses.

2.4.4. Social, coping and other trait variables
Study sites were asked to specify any variables 
included in their studies that related to factors that 
could be considered potential resilience factors. The 
following constructs were identified as being relevant 
and having harmonization potential: emotion regu
lation, appraisal, loneliness, coping, optimism, person
ality, self-efficacy, social support, social participation, 
locus of control, resilience scales.

2.4.5. Sociodemographics
Sociodemographic variables that were assessed for 
their harmonization potential were: gender, age, 
place of residence, migration status, education, pro
fession, employment type, employment status, 
relationship status, household size children, children 
in household, income, degree of urbanization. For 
each variable a potential harmonization instruction 
was created that each study site could implement. 
Wherever possible, International Classification stan
dards were used for coding, such as the International 
Standard Classification for Education (ISCED) (Inter
national Standard Classification of Education 
(ISCED), 2024), or data categories used by EU stat
istics on income and living (EU-SILC) (Eurostat, 
2022) or the sociodemographic survey (ESS) (About 
ESS | European Social Survey, 2024) were used (see 
section 3.4 for final categories used).

2.4.6. Identification of adversity events (stressors)
Stressors were defined broadly as an ‘event that is in 
conflict with one’s personal goals and needs’ (Petri- 
Romão et al., 2024), such as potentially traumatizing 
events, but also inconveniences and smaller distres
sing events. Of interest was primarily the occurrence 
of an event, rather than its impact or evaluation (‘I 
separated from my partner’ rather than ‘I am 
depressed because I separated from my partner’).

In order to facilitate harmonization, stressor candi
dates were classified into three types: life events, gen
eral stressors and COVID-19 pandemic-related 
stressors. Life events were broadly defined as events 
that are rarer and have a potentially large negative 
impact, for example items included in the Canli life 
event list (Canli et al., 2006). General stressors on 
the other hand would be micro stressors, that are 
daily or minor inconveniences or mildly distressing 
events (Chmitorz et al., 2020). Lastly, pandemic- 
related stressors are micro stressors that were specified 
to the pandemic. The classification of an item as a 
stressor is not definitive but rather is meant to guide 
future researchers to easily identify stressor 
candidates.

Those studies that already used stressor lists based 
on previous publications (Veer et al., 2021; Chmitorz 
et al., 2020) that are in line with the above stressor 
definition and were included as they were.

The codebooks of the studies that had not applied 
stressor classification as defined above were carefully 
read to identify candidate items that ask about 
exposure to stressors. PPR created a list of stressors 
for each study created and sent it to the data owners 
to be cross-checked. The data owners were given a 
list of previously published stressors lists (Chmitorz 
et al., 2020; Veer et al., 2021) and a descriptive 
definition of stressors, so that they would be able to 
identify new items and confirm suggested items.

2.4.7. COVID-related context variables
The Oxford Stringency, Containment and Health 
indices are composite measures of pandemic mitiga
tion measures taking values between 0 and 100 (Hale 
et al., 2021). The indices are available on a daily 
basis for each date at national and at times, subna
tional level. The indices were added to each study 
for each date at the lowest available geographical level.

The Google COVID-19 Community Mobility 
Reports collected data on movement by region during 
the initial years of the pandemic (until 15 October 
2022). Its values are in comparison to pre-pandemic 
number of visitors to, or time spent in location 
(median value in the baseline period 3 January to 
6 February 2020).

When available, studies also included adherence to 
mitigation measures in the harmonized data set, such 
as wearing of facial masks or applying distancing rules.
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2.4.8. Time points
Data owners were asked to include at least one pre-pan
demic baseline assessment (if available) and all available 
collection events up to May 2023. For each participant 
it was agreed to recode the assessment date as calendar 
week and year to increase comparability between 
studies and preserve anonymity of participants.

2.4.9. Missing data
Missing data was recoded with three codes: not 
assessed (−991), refused to answer (−992), missing 
(default; −993). This was done to ensure transparency 
about the nature of missing data, to identify whether 
data might be missing at random or not, and to rule 
out the possibility that any data was lost during trans
fer or re-coding.

2.5. Quality checks

Quality checks on the datasets were performed in 
three stages. Firstly, data owners followed and com
pleted a list of checks (Supplementary Material S4) 
before data were uploaded to local OPAL servers (cf. 
Technical infrastructure). This checklist asked data 
owners to confirm that each outlined step as docu
mented in the data transformation handbook was fol
lowed. Secondly, after data upload central data checks 
were performed by one of the partners (INSERM) on 
all uploaded data sets. In particular, checks were done 
for the completeness of datasets, presence of missing 
data, and completeness of documentation.

A third set of checks was performed by LIR using 
the automatic dataReporter package in R (Petersen 
& Ekstrøm, 2019), which highlights variables that 
have potential outliers, impossible values or are other
wise suspicious. The check reports were sent to each 
data owner so that they could confirm which values 
could be classified as outliers or impossible values or 
check the correctness of suspicious data against their 
original data sets.

3. Results

3.1. Description of studies

In total there are 10 cohorts included in the IPD data
set, with 50,885 unique participants (see Table 2). The 
cohorts include: The COVID-19 Mental Health Sur
vey (COMET; VU University Amsterdam), COVID 
and I (Université catholique de Louvain), the Dyna
MORE longitudinal study on psychological resilience 
to the mental health consequences of the COVID-19 
pandemic (DynaCORE-L; Leibniz institute for Resili
ence Research), Edad con Salud (Universidad Autón
oma de Madrid), two datasets from the COVID-19 
HEalth caRe wOrkErS study (HEROES-NL, Vrije 
Univerisiteit Amsterdam; HEROES-ES, Universidad 

Autónoma de Madrid), the Longitudinal Resilience 
Assessment (LORA; Leibniz Institute for Resilience 
Research), the Mainz Resilience Project (MARP; Leib
niz Institute for Resilience), Mind COVID (Fundació 
Sant Joan de Déu) and the Trajectoires ÉpidéMiologi
ques en Population study (TEMPO; Pierre Louis Insti
tute of Epidemiology and Public Health). Four studies 
had pre-COVID assessments (see Figure 1). Two of 
these studies had extra assessments for a subsample 
during the COVID pandemic (LORA COVID and 
MARP Reality). The latest collection timepoints were 
April 2023. At baseline 48% of all participants were 
in Belgium and 23% in Spain. COMET included par
ticipants all over the world (largest sub-populations: 
18% Italy, 10% Macau SAR, 9% Australia, Turkey 
and France, each, 8% Germany, The Netherlands, 
Indonesia and South Africa, each, 5% Spain, 4% Swe
den). COVID and I included participants in Belgium 
(94%), France (3%), The Netherlands (<1%) and Uni
ted Kingdom (<1%), as well as other countries that 
were anonymized (<2%). DynaCORE-L included par
ticipants from Germany, Israel, Italy, The Nether
lands, Poland. All participants of Edad con Salud 
and MINDCOVID were in Spain. HEROES-NL only 
included participants from the Netherlands, and HER
OES-ES only from Spain. LORA and MARP only 
included participants in Germany. All of TEMPO’s 
participants are in France. See Figure 2 for a short 
overview of main baseline age, gender, education 
and employment of studies.

3.2. Mental health variables

All studies include at least one measure of mental 
health (see Table 3). Six studies used a version of the 
General Health Questionnaire (GHQ; Sterling, 2011; 
Wojujutari et al., 2024), either with 12 or 28 items. 
GAD-7 (Spitzer et al., 2006) was included in three 
studies, and five studies included a version of PHQ 
(Kroenke et al., 2001, 2009). Ten studies included 
information on suicidality. Post-traumatic stress 
symptoms were measured in four studies, two of 
which used the Posttraumatic Stress Disorder Check
list for DSM-5, 4-item version (Price et al., 2016), and 
the other two studies the Primary Care PTSD Screen 
for DSM-5 (Prins et al., 2016). The mental health 
measures were included ‘as is’ in the datasets and 
not further harmonized.

3.3. Social, coping and other trait variables

Studies included a diverse set of additional variables 
(Table 4), depending on the original purpose of the 
study (Table 2). Social support and loneliness were 
assessed in most studies with information being avail
able in 10 and 9 studies, respectively, using a variety of 
different questionnaires. For instance, five studies 
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included the Oslo social support scale (Kocalevent 
et al., 2018) and UCLA Loneliness Scale (Austin, 
1983; Hughes et al., 2004). Resilience scales were 
included in seven studies, six of which included Brief 
resilience scale (Smith et al., 2008) and two of which 
Connor-Davidson Resilience Scale (Connor & David
son, 2003). Emotion regulation variables are available 
in five studies, four studies using the Brief Cope (Car
ver, 1997). Four studies assessed social participation 
using a variety of ad-hoc items. Optimism, self- 
efficacy, appraisal and locus of control variables are 
available in three or less studies using different types 
of questionnaires. The harmonization potential of 
each of the domains was not further assessed.

3.4. Sociodemographics

For all considered variables, cohort data were able to 
be included and harmonized (see Table 5). However, 
sometimes a study provided relevant data that could, 
not be harmonized as it had applied incompatible 
data formats (e.g. if data categories were overlapping 
and could not be resolved and streamlined with the 
remaining cohorts contributing data for this vari
able. An example would be overlapping income 
categories).

3.4.1. General demographics
Each variable was harmonized to retain the most 
information, that is the ‘smallest common denomi
nator’ across studies. Gender was harmonized into 
the categories male, female and other. In addition to 
continuous age, a new variable of categorical age was 
created (<18, 18–44, 45–64, 65–94, >95 years old). 

Relationship status was recoded into seven levels 
(single; married/in a civil union; in a relationship 
and living together; in a relationship and living 
apart; divorced/separated; widowed; other). Whether 
someone has or cares for children was stored in a 
dichotomous variable. A categorical variable to record 
how many children a person has was created with four 
levels (no children; one child; two or three children; 
four or more children).

Two variables were created indicating the partici
pant’s income quartile and quintile (Eurostat, 2022) 
(based on their country of residence).

3.4.2. Residence, migration, living conditions
Place of residence was recoded into European NUTS 
codes (Overview - Eurostat, 2024) and the United Nations 
Standard Country or Area Codes for Statistical Use (M49) 
country code (UNSD — Classification Detail, 2024). 
When available, migration status was defined as being 
resident in a country other than the country of birth.

Household size (including oneself) was recoded 
into five levels (one person; two persons; three or 
four persons; five or more persons; live in an insti
tution). Additionally, a dichotomous variable indicat
ing if a person lived alone was created. A further 
dichotomous variable recoding whether children 
lived in the household was created.

3.4.3. Education and work
Education was recoded in accordance with the Inter
national Standard Classification of Education 
(ISCED) classification (International Standard Classifi
cation of Education (ISCED), 2024) Occupation was 
harmonized into 14 categories (undergoing education; 

Figure 1. Collection periods of cohorts.
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education and research; arts, entertainment, sports and 
media; healthcare; first responder (paramedic/ 
firefighter/police); military; civil services, politics; 
finance and economy; industry; sales and services 
(incl. restaurants and bars); transport (goods and 
people); installation, maintenance, cleaning and repairs; 
currently not working; other). An additional variable 
indicated if someone worked in healthcare or not.

Employment type recorded the type of work (full- 
time; part-time; no paid work; other) someone had. 
A further variable indicated if a contract is permanent, 
temporary, self-employed or other. Employment sta
tus was recoded into seven levels (have a job 
(employed or self-employment); in education; care 
work (family/homeworker/on parental leave); on 
long-term sick leave/disability; unable to work due 

to reasons not mentioned elsewhere in this list; unem
ployed or job-seeking; retired).

3.5. Adversity and stressors

In each study 27–90 stressors candidates were ident
ified. Each of the items were classified according to 
their type (life event, general stressor or COVID-19- 
related stressor). Each item was labelled as a stressor 
in Opal, allowing the researcher to identify those of 
interest. An initial assessment identified nine topics 
of stressors, though researchers are invited to categor
ize stressors as suitable to their research question. The 
nine topics and their sub-topics are: work/employment 
related (work environment and job structure; work-life 
balance and boundary management; safety and health 

Figure 2. Overview of selected baseline characteristics of study participants.
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concerns at work); financial (financial difficulties; 
change in finances); health and COVID-19 exposure 
(contact; infection; isolation; symptoms; hospitaliz
ation); family and household dynamics (death; separ
ation/divorce/moving; care responsibilities; living 
arrangements and environment; family relationships 
and dynamics); worries about the pandemic (worries 
about health; worries about health of others; other wor
ries); social and recreational activities (restrictions and 
changes); violence and crime (domestic violence); 
healthcare work; and Other. Overall, there were 48 
items identified in COMET, 33 in COVID and I, 35 
in Edad con Salud, 28 in HEROES-NL, 27 in HER
OES-ES, 34 in MindCOVID, and 90 in TEMPO. 
LORA and MARP both used the 58-item Mainz Inven
tory of Microstressors (Chmitorz et al., 2020a) and a 28 
or 27-item life event list (Canli et al., 2006; Chmitorz 
et al., 2020b), respectively. Additionally, LORA- 
COVID and MARP Reality used a 33 and 32-item list 
of COVID-related stressors, respectively (Ahrens 

et al., 2021). DynaCORE-L had a 27-item list of 
COVID-related stressors and 11-item list of general 
stressors (Bögemann et al., 2023). See Table 6 for an 
overview. These classifications are based on an initial 
assessment by LIR and the items can be re-classified 
according to the research question and analysis.

3.6. COVID-related context variables

All studies included the Oxford stringency and 
response indices. Nine studies included the google 
mobility indices, as well. Variables relating to adher
ence to measures were available in six datasets.

37. Accessibility of data

Access to the IPD datasets can be requested using a 
standardized data access request form available as 
Supplementary Material S5. Researchers need to 
specify which datasets they want to have access to 

Table 3. Available mental health variables.

Study
General Mental health 

(dimensional) Well-being Depression Anxiety
Post traumatic 

symptoms Suicidality
Substance 

use

COMET PHQ-ADS1) – PHQ-92) GAD-73) PCL-54) PHQ-9 
suicidality 
item

4 single 
items

COVID and I GHQ-125) 1 single item GHQ-depression 
items

GHQ-anxiety 
items

– - –

DynaCORE-L GHQ-125) – GHQ-depression 
items

GHQ-anxiety 
items

– - -

Edad con 
Salud

27 items Cantril 
ladder6) 

WHODAS7)

CIDI8) depression 
items

– – 1 single item 5 single 
items

HEROES-NL GHQ-125) 

PHQ-ADS1)
1 single item GHQ-depression 

items 
PHQ-92)

GHQ-anxiety 
items 

GAD-73) (from 3rd 
wave on)

PC-PTSD-59) PHQ-9 
suicidality 
item 

4 single items

7 single 
items

HEROES-ES GHQ-125) 

PHQ-ADS1)
1 single item GHQ-depression 

items 
PHQ-92)

GHQ-anxiety 
items 

GAD-73) (from 
3rd wave on)

PC-PTSD-59) PHQ-9 
suicidality 
item 

4 items of the 
C-SSR15)

-

LORA GHQ-2810) 

PHQ-D11)
WHO5 GHQ-depression 

subscale 
PHQ-D depression 

items (PHQ-9)2)

GHQ-anxiety 
subscale 

PHQ-D items

- GHQ-items 
PHQ-D item

AUDIT13) 

25 single 
items

LORA COVIDa) GHQ-2810) 

PHQ-412)  
– GHQ-depression 

subscale 
PHQ-4 depression 

subscale

GHQ-anxiety 
subscale 

PHQ-4 anxiety 
items

– GHQ-items –

MARP GHQ-2810) WHO5 GHQ-depression 
subscale

GHQ-anxiety 
subscale

– GHQ-items 5 items

MARP 
Realitya)

GHQ-2810) 

PHQ-412)
– GHQ-depression 

subscale 
PHQ-4 depression 

subscale

GHQ-anxiety 
subscale 

PHQ-4 anxiety 
items

- GHQ-items –

Mind COVID PHQ-ADS1) EQ5D14) PHQ-82) 

Single item rating
GAD-73) PCL-54) C-SSR15) CAGE-AID16)

TEMPO ASR17) total 1 single item ASR subscale ASR subscale – ASR items 22 single 
items

Note:a)LORA COVID is a subsample of LORA, and MARP Reality of the MARP sample, respectively. These subsamples took part in extra assessments during 
the COVID-19 pandemic. The variables included in these assessments are shown in italics. 1) Patient Health Questionnaire Anxiety and Depression Scale 
(Kroenke et al., 2016); 2) Patient Health Questionnaire 9-item depression scale (Kroenke et al., 2001); 3) 7-item Generalized Anxiety Disorder scale (Spitzer 
et al., 2006);4) Posttraumatic Stress Disorder Checklist for DSM-5, 4-item version (Blevins et al., 2015; Price et al., 2016); 5)General Health Questionnaire 12 
items (Goldberg & Hillier, 1979; Wojujutari et al., 2024);6) Cantril Ladder (Cantril 1965); 7) WHODAS (Ustun et al., 2010); 8) Composite International Diag
nostic Interview (Wittchen 1994); 9) Primary Care PTSD Screen for DSM-5 (Prins et al., 2016); 10) General Health Questionnaire 28 items (Sterling 2011); 
11)Patient Health Questionnaire (Spitzer et al., 1999; Spitzer et al., 2000);12) Patient Health Questionnaire for Depression and Anxiety 4-item scale (Kroenke 
et al., 2009);13) Alcohol Use Disorders Identification Test (Saunders et al., 1993); 14) EuroQuol 5 Dimension scale (Herdmann et al., 2011); 15) Columbia 
Suicide Severity Rating Scale (Posner et al., 2011)); 16) CAGE Adapted to Include Drugs (Brown & Rounds, 1995; Hinkin et al., 2001); 17)Adult Self Report 
(Achenbach, 2017).
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and describe their research question. All requests are 
handled by the RESPOND Research consortium. 
Upon initial approval the requests are forwarded to 
the respective data owners and consortia. If all 
approvals are given the researcher is added to the indi
vidual servers and granted access to the data. All per
missions are time-limited but can be renewed.

4. Discussion

Co-RESPOND is a harmonized individual and longi
tudinal participant data set of mental health and stres
sor exposure information collected during the main 
phases of the COVID-19 pandemic (2020–2023). In 
this paper we reported on the harmonization process, 
presented the harmonization products and briefly 
described the dataset. We further set out recommen
dations for future studies.

4.1. Co-RESPOND: strengths and limitations

Co-RESPOND has paved the way to mine the wealth 
of 10 existing observational cohorts in order to make 
optimal use of mental health data collected during 
an extraordinary period, i.e. the COVID-19 pandemic. 
This creates new opportunities to study the impact of 
micro – and macro-stressors on mental health in 
diverse samples. Through harmonization a substan
tially larger, individual-level data pool is now available 
for research, allowing for advanced statistical 
methods. Not all included cohorts provided pre- 

COVID baseline data, but for some, pre-pandemic 
data at least two years before start of the pandemic 
could be included (Edad con Salud, LORA, MARP, 
TEMPO). Notably, the period covered so far (up to 
May 2023) exceeds common time spans of COVID 
research, which oftentimes only covered the first pan
demic year.

There are many potential ways that researchers 
could harmonize the longitudinal Co-RESPOND 
mental health data further for their individual research 
question. This could involve a binarization of the out
come in terms of better, same or worse in comparison 
to a chosen baseline or whether a score is above or 
below a cut-off (see Saunders et al., 2023). The preser
vation of the original scores, however, also allows for a 
more complex analysis, such that are used in the field 
of resilience research, where researchers are able to 
plot trajectories after stressor exposure for different 
outcomes (Infurna & Luthar, 2016) or operationalize 
an outcome-based resilience score by regressing men
tal health against stressor exposure (Bögemann et al., 
2023). Likely, these approaches will require a two- 
step IPD meta-analysis.

As retrospective data harmonization projects do, 
also this project required many efforts and dedication 
from researchers involved in the project, which was 
and still is much appreciated and has never been 
taken for granted.

To keep everybody dedicated, we tried to create 
a collaborative atmosphere from the start. An 
early buy-in in terms of regular meetings helped 

Table 5. Sociodemographics and COVID-related context variables.
Harmonized 
Variables COMET

COVID 
and I

DynaCORE- 
L

Edad con 
Salud

HEROES- 
NL

HEROES- 
ES

LORA (LORA 
COVID)

MARP (MARP 
Reality)

Mind 
COVID TEMPO

Gender C C C C C C C (INA) C (INA) C C
Age (categorical) C C C C C C C (INA) C (INA) C C
Age (continuous) C C C C C C C (INA) C (INA) C C
Place of residence C C C C1) C1) C1) C1) (INA) C1) (INA) C1) C
Migration C2) INA C2) C2) C INA C2) (INA) Canon (INA) C2) INA

Employment status C C C C C INA C (C) C (C) C C
Contract C INA INA C INA INA C (C) C (C) C C
Employment type C INA INA C INA INA C (C) C (C) INA I
Health Care worker C C C INA C1) C1) INA (C) C (C) INA INA

Profession C INA C C C C INA (C) C (C) INA I
Education C C C C C C C (INA) C (INA) C C
Relationship status C INA C C C3) INA C (C) C (C) C C
Children C C C C C C C (C) C (C) C C
Children living in 

household
C C C C C C INA (C) INA (C) INA C

Number of children C C C C C C C (C) Canon (C) C C
Living alone C C C C C C C (C) C (C) I C
Household size C INA C C C C C (C) C (C) I C
Income quartiles C INA C C INA INA C (INA) C (INA) C C
Income quintiles C INA C C INA INA C (INA) C (INA) C C
Adherence to 

measures
C C C INA INA INA INA (C) INA (C) INA C

Google mobility 
index

C INA C C C C C (C) C (C) C C

Oxford COVID-19 
index

C C C C C C C C C C

Note: C = Harmonization complete; I = Harmonization impossible. NA: not assessed; 1) based on inclusion criteria; 2) by comparing the variables nationality 
and country of residence; 3) available for wave 3. anon: anonymized due to data protection. 1)LORA COVID is a subsample of LORA, and MARP Reality of the 
MARP sample, respectively. These subsamples took part in extra assessments during the COVID-19 pandemic. Information about the variables available 
in these subsamples is given in brackets.
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to build trust and motivation between partners. Co- 
RESPOND also profited from a very benevolent, 
supporting RESPOND leadership that firmly and 
repeatedly expressed their interest in the Co- 
RESPOND project. Clear communication and a 
co-operative atmosphere were essential to address 
concerns, share experiences and find solutions and 
workarounds to issues raised. The project was also 
presented and discussed at conferences at a very 
early stage, which generated helpful thoughts and 
suggestions from the scientific community. We 
also aimed at stating clearly operationalized targets 
and tasks that the partners would agree to aim 
for. Last, the central, accessible document library 
including manuals and dashboards for incoming 
questions along with hands-on solutions were help
ful for keeping the project running.

Co-RESPOND is an ad-hoc sample of cohorts, 
which was created during the COVID pandemic by 
collaborators who were willing to share their research 
data. Not all cohorts include pre-pandemic data, as 
some were only set up as the pandemic started. 
Importantly, the studies include a variety of mental 
health measures that are not always directly harmo
nizable. The original aims of the studies were mani
fold, which is reflected in the types of additional 
measures covering psychological concepts such as 
personality, coping and social support. The partici
pating cohorts were not identified by systematic 
searches, and the data set cannot be regarded as com
prehensive. However, it is open for more cohorts to 
join. After transforming existing data according to 
the transformation handbook, any new cohorts 
could be linked to the federated data analysis network 
(FDN). Extensive and transparent documentation is 
made available to facilitate this process. Since only 
anonymous data are included, the network is avail
able to any new cohorts globally as long as the anon
ymization SOP is followed pre-upload. In order to 
grant access to the data sustainably, the central data 
management officer of our institute (Leibniz Institute 
for Resilience Research Mainz) is involved in the pro
ject and will take stewardship for the OBiBa infra
structure ex officio. Co-RESPOND has and is going 
to be promoted and made known to potential new 
partners and consumers by this flag paper and 
ongoing publications based on the Co-RESPOND 
data but also by presentations at international confer
ences. In concordance with the Maelstrom guidance 
(Fortier et al., 2017), thorough methods have been 
applied in a three-step approach to ensure the quality 
of the harmonized data, including manual data 
checks by the data-owners, cross-checks by external 
Co-RESPOND partners, and automated data 
checks and data cleaning as recommended for lar
ger-scale data sets (dataReporter) (Petersen & 
Ekstrøm, 2019).Ta
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As with any retrospective data harmonization pro
jects, it was not possible to harmonize data across all 
data sets, and harmonization sometimes included 
some data loss due to the need to group data into 
‘least-common-denominator’ categories. Still, some 
information loss is inevitable when generalizing data 
in order to put it non linkable to existing individual 
subjects.

A limitation of the harmonized data set is the fact 
that it only holds anonymous data. This was necessary 
to prevent data protection violations, which would 
have taken place if pseudonymized data had been 
used, given that cohort participants had originally 
not explicitly consented to use their individual-level 
data for this purpose. However, anonymization, 
which, by definition, rules out the identification of 
individual subjects, prevents adding new data waves 
to the data sets. If any new data is available, a comple
tely new data set including all data waves so far must 
be created.

By including anonymous data only, however, the 
OBiBa-based FDN did not have to make use of Data
SHIELD. DataSHIELD ensures that a remote client 
(i.e. an external, collaborating researcher) who sends 
statistical commands to be performed on the local ser
ver of the data-owning site would only receive non- 
disclosive information, such as aggregate data (Mar
con et al., 2021; Puskaric et al., 2024). The data protec
tion officers within the consortium determined that 
this in itself would constitute processing of personal 
data and therefore fell within the GDPR. Therefore, 
only fully anonymized data was uploaded on Opal.

A unique feature of the harmonized data set is the 
post-hoc identification and labelling of adversity and 
stressor exposure (including major life events and 
minor inconveniences). This allows for new and 
advanced research into adversity and the effect of 
stressor exposure on mental health.

We believe the use of Co-RESPOND data has the 
potential to inform policy and decision makers inter
nationally regarding measures to be taken for pan
demic preparedness by providing large-scale data 
that were collected during COVID-19.

4.2. Recommendations and outlook

Like many other research groups (Abbasizanjani et al., 
2023; Gómez et al., 2024; Hufstedler et al., 2024; Tac
conelli et al., 2022; Wey et al., 2021), we learned that 
data harmonizing is work-intensive, and that legal 
regulations regarding data protection are challenging 
when it comes to the practical data sharing, or, making 
them available to partners in a GDPR-compliant way. 
To our experience, the OBiBa software, i.e. Agate, 
Opal and Mica, provided a practicable solution to 
make this feasible, though some help by IT depart
ments will be necessary for epidemiologic researchers, 

especially when it comes to installing the OBiBa infra
structure. Though GDPR regulations are sometimes 
challenging, it is helpful at the same time that all part
ners (who all were EU-based) applied to them.

In order to minimize retrospective data harmoniza
tion efforts for future projects, standard assessment of 
mental health, as well as classification of codes 
included in basically all studies would be desirable. 
Researchers should aim to include frequently used 
and standardized mental health scales, to facilitate 
harmonization across studies. While the standard 
measure will differ between fields, if feasible a general 
short measure such as the General Health Question
naire (Goldberg & Hillier, 1979; Wojujutari et al., 
2024) could be added so that the study could be 
included in harmonized datasets. Furthermore, coding 
sociodemographics such as gender, age, place of resi
dence, education and profession could be done in a 
more standard way from the start. Methods of well- 
established international surveys could be used for 
orientation, e.g. the EU statistics on income and living 
(EU-SILC) (Eurostat, 2022) or the sociodemographic 
survey (ESS) (About ESS | European Social Survey, 
2024). If analogous codings are used, newly collected 
data could be linked to this survey data providing con
textual information, which means an enormous 
enrichment of the information in many perspectives. 
Disorders and diseases should be coded using the 
DSM or ICD system. The Maelstrom guidance offers 
hands-on advice, which was, however, not fully appli
cable to mental health studies, being too generic as 
regards the categorization of psychological variables 
(Bergeron et al., 2018). Indeed, it is very difficult, if 
not impossible, to provide recommendations on cat
egorization, or cataloguing of variables that would be 
applicable for all kinds of research. Depending on 
the main research focus, more advanced categories 
etc. might be necessary for individual topics. There 
have been efforts already to define universal data stan
dards to increase the interoperability of primary 
research, for example, the Clinical Data Interchange 
Standards Consortium (CDISC) (CDISC | Clear 
Data, 2024) for clinical trial data and the Observa
tional Medical Outcomes Partnership (OMOP Com
mon Data Model) (Data Standardization – OHDSI, 
2024) which is dedicated to observational health 
data. Currently, several such data standards exist, 
and researchers involved in primary research might 
find it difficult to decide which one should be used. 
FAIRsharing https://fairsharing.org) is a searchable 
database of available standards, databases, repositories 
and data policies related to diverse sciences, 
and includes guidelines related to reporting, terminol
ogy, structured information formats and unique 
identification of research. At https://www.global- 
psychotrauma.net/fair-tools, the Global Collaboration 
on Traumatic Stress provides a toolkit of helpful 
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resources that support FAIR data practices, with a 
focus on trauma research. The Mission of the Data 
Curation Network (https://datacurationnetwork.org/ 
about-the-dcn/), however, is the training in and appli
cation of best practices of data curation by connecting 
researchers and experts across institutions as well as 
providing tools and education resources.

Table 7 includes some classification standards that 
we found helpful for re-coding data, and which 
could be regarded as ‘the least common multiple’.

Apart from semantic interoperability, there are 
some basic principles of good research practice that 
we regard extremely helpful for retrospective data har
monization and evidence synthesis: 

. Study protocols should be available. While clinical 
trials require an a priori publication of study protocols 
in trial registries, this is not the case for observational 
research. However, study protocols should be held 
current, and amendments should be detailed.

. If applicable, data standard forms should be used to 
ensure interoperability of data but also minimize 
efforts relating to the designing of studies. FAIR
sharing could be used to identify relevant guidance 
and tools.

. Study participants’ consent to process and share 
their data for individual-level evidence synthesis 
after the primary research has been concluded 
should be requested in a way that it could be 
made available in a pseudonymized way on the 
individual subject level. For ongoing longitudinal 
research, this would allow to update existing data 
sets by adding more recent data waves, which is 
only possible if data can be made available in a 
pseudonymized format on the individual partici
pant level.

. Codebooks should be kept available and up to date. 
The recording of any modifications, along with data 
when they took place, is vital to keep data transpar
ent. Ideally, an external person should be able to 
trace and comprehend any edits.

. The proper documentation of any data transform
ation steps taken (such as calculation of sum scores) 
is vital to ensure reliability and validity of the inte
grated data, ensuring data quality, reproducibility, 
and transparency.

. The funding of data managers is vital. Sustainable 
and FAIR stewardship of data should be a prerequi
site of research, both to avoid redundancy and for 
ethical reasons. This is especially the case for 
large-scale research, such as observational cohorts.

. Similarly, IT positions must be adequately con
sidered in research grants.

In sum, decision-makers and researchers must be 
aware of the effects needed to (mostly manually) 
transform existing data, and adequate financial as 
well as human resources must be available to pro
duce harmonized data sets that could not only be 
used by those who have done the transformation 
process. Other researchers who had not been 
involved must be able to understand how the data 
sets have been generated, and any steps taken must 
be transparent and reproducible (Tacconelli et al., 
2022). Any funding must include adequate funding 
and allow for sufficient periods of time to conduct 
the harmonization project.

In conclusion, Co-RESPOND hopes to harness the 
valuable and unique data gathered during the COVID- 
19 pandemic and open possibilities for more advanced 
researchers. Co-RESPOND has harmonized mental 
health, stressor exposure and other psychological 
trait variables of 10 cohorts including 50,885 partici
pants. Documentation is transparent and harmoniza
tion procedures can be applied to additional, new 
datasets. In doing so we have created sustainably oper
able individual participant data, accelerating research 
and supporting evidence integration and synthesis. 
This is even more important in times of global chal
lenges such as climate change or pandemics, which 
will require timely response.
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