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Introduction

Exploitation of health data resources is essential to 
increase the efficiency and quality of health-care and 
to facilitate development of innovative therapies and 
pharmaceutical products. Considerable efforts are 
ongoing globally to enable efficient and secure use of 
health data [1–6]. Finland is well-positioned to ben-
efit from health data resources. The nationwide cen-
tralised Kanta Services provide a standard-based 
architecture for electronic prescriptions and storage 

of patient records and social services data [7]. Data 
on service episodes are systematically collected in 
national registers for statistical and research purposes 
[8,9]. Biological samples and related data are col-
lected by 10 public biobanks and one private biobank 
[10]. Finnish national legislation includes a unique 
framework facilitating secondary use of data for legit-
imate purposes ranging from basic research to R&D 
activities of companies and monitoring of service 
processes and quality. The Biobank Act, in force 
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since 2013, defines the conditions for using biologi-
cal samples and related data [11] and provides a 
coherent basis for biobank services. The Act on the 
Secondary Use of Health and Social data [12],  
in force since 2019, defines a new organisation 
(Findata) as responsible for national services, includ-
ing data access and permit services, as well as infra-
structures for safe processing of data in compliance 
with the General Data Protection Regulation [13]. 
Additionally, the Finnish Biobank co-operative 
(FinBB) provides joint services targeted at helping 
to access the resources of Finnish biobanks.

The usage of longitudinal real-world health data 
has been shown to be a powerful tool to identify clini-
cal associations and biomarkers [14,15]. However, 
several challenges of data usage have been identified 
in relation to ethical issues [16], data accuracy [17] 
and combining data across national borders [18]. In 
particular, the performance of the Finnish biobanks 
has recently been evaluated in the context of cancer 
research and challenges related to time schedules 
and the availability of competent medical and techni-
cal resources have been identified [10]. The need for 
wider and more comprehensive use of health and 
social data has been expressed [19].

The Biobank Act enables the biobanks to link 
their materials (including genome data) with pheno-
type data in patient records and national registers. 
Consequently, biobanks have a central role in the 
formation of research cohorts linking data from 
multiple sources. The purpose of this case study  
was to investigate the process of combining data 
resources, especially addressing data permit applica-
tion, time schedules, co-operation of stakeholders, 
data exchange and data quality. The Findata and 
FinBB services were not yet available during the 
data collection phase. Thus, the results of this case 
study provide baseline information for future evalu-
ation of these new services.

Methods

Study case

We explored the process of exploiting data from sev-
eral sources, that is, multiple biobanks and national 
registers, in the context of a retrospective study – 
Pharmacogenomics of antithrombotic drugs (hereaf-
ter ‘PreMed study’), registered at clinicaltrials.gov 
(NCT04001166) [20]. The objective of the PreMed 
study is to assess the relevance of using genotype data 
in the context of antithrombotic drug therapy by 
investigating genotype associations of antithrombotic 
drugs in the Finnish population. The study focuses 
on warfarin, as a significant proportion of the popu-
lation (36% for CYP2C9 alleles in the Finnish 

population [21]) carries genetic variants which 
impair the metabolism of the drug, potentially caus-
ing an elevated risk for bleeding complications. 
Additionally, the PreMed study includes explorative 
investigation of genotype–phenotype associations for 
a larger group of antithrombotic drugs. The PreMed 
study has been approved by the ethics committee of 
the Hospital District of Helsinki and Uusimaa. 
Results of the PreMed study on genotype–phenotype 
associations have been published separately [20].

Data sources

The initial analysis revealed that with the contribu-
tion of three Finnish biobanks (Auria Biobank, 
Helsinki Biobank and THL Biobank), enough geno-
typed subjects could be included in the study to meet 
the required statistical power. The biobanks provided 
genotype data, and these were combined with corre-
sponding phenotype data retrieved from different 
health-care registers. The data sources used are listed 
in Table I. Data were collected for the period from 1 
January 2005 to 31 December 2018.

Helsinki Biobank and Auria Biobank are public, 
hospital-based biobanks jointly covering the area of 
seven hospital districts, with approximately three 
million residents in southern and western Finland. 
Both biobanks have access to patients’ clinical data, 
including diagnoses, laboratory results, procedures 
and medications documented in the context of spe-
cialised care encounters in various information sys-
tems (e.g. electronic health record systems (EHRs)) 
in the hospital districts. These data, referred to as 
‘hospital data’, are accessible via hospital data lakes 
and can be linked with the biobanks’ sample and data 
resources.

The Finnish Institute for Health and Welfare 
(THL) has a statutory role in carrying out studies 
and developing instruments to monitor the well-
being and health of the Finnish population. The 
PreMed study used the Register of Primary Health 

Table I. Data sources and corresponding data types in the Pre-
Med study.

Data source Data type

Auria Biobank Genotype data, clinical data
Helsinki Biobank Genotype data, clinical data
THL (Hilmo/Avohilmo 
registers)

Data on health-care encounters

THL Biobank Genotype data, demographic data
Kela (Finnish Prescription 
Register)

Data on medicine dispensations

Hospital districts and 
municipalities

Laboratory data



Integrating data from biobanks and registers  3

Care Visits (Avohilmo) and the Care Register for 
Health Care (Hilmo) of THL, which contain health-
care encounter data from primary and specialised 
care episodes, respectively. The THL Biobank is an 
administrative part of THL, with responsibility for 
collecting and storing biological sample collections 
and survey data for research. Cohorts used in this 
study from the THL Biobank were the National 
FINRISK Study [22] and the Health 2000 and 
Health 2011 surveys [23].

The Social Insurance Institution of Finland (Kela) 
is a government agency that provides basic economic 
security for people living in Finland. Kela maintains 
several national health and social data registers, 
which are available for administrative and scientific 
research purposes.

Laboratory results are stored in laboratory sys-
tems of hospital districts and municipalities from 
where they can be retrieved for scientific research 
with the permission of THL. The processor of the 
laboratory databases was Mylab, Inc., on behalf of 
the hospital districts and municipalities as data 
controllers.

At the time of the PreMed data collection, the per-
mits to access national register data needed separate 
requests for each register controller. As stipulated by 
the new legislation [12], these permits are currently 
granted by Findata.

Data collection process

The process adopted for data collection is presented 
in Figure 1. To minimise the need for exchanging 
identifiable health data between the biobanks, each 
biobank created their own sub-cohort independently 
and delivered it in a jointly pseudonymised form to 
VTT Technical Research Centre of Finland. We fur-
ther combined the sub-cohorts into the final cohort.

results and discussion

Project timeline and resources

We started the data collection process in January 2019 
by submitting the ethical review application to the eth-
ics committee of the Hospital District of Helsinki and 
Uusimaa, followed by data requests to the three 
biobanks as indicated in Figure 1. We then submitted 
the data permit applications to the national registers 
(THL and Kela) in April 2019. After required itera-
tions to complete the applications, all three biobank 
data requests were accepted in May, and the respective 
Material Transfer Agreements (MTAs) were iterated 
during summer 2019. After the THL register approval 
in December 2019, the data were delivered by THL 

and Kela to biobanks in February–March 2020. The 
formation and delivery of the sub-cohorts was com-
pleted by the end of April, and we were able to com-
plete the preparation of the final study cohort by the 
end of May 2020. Altogether, the data collection phase 
took 16 months. The data costs, including applications 
and data extraction of biobank and national register 
data, were approximately €80,000. The required effort 
from VTT researchers was approximately five person-
months invested in data permit applications, contracts 
and curation (e.g. data collecting, integrating and 
verification).

Our pre-estimate for the duration of the data col-
lection phase was nine months based on the informa-
tion available in the planning phase. Substantial delay 
to the data collection was caused by the congested 
register data permit approval process of THL, which 
took about eight months. As the acceptance of all 
data applications was set as a precondition in the 
MTAs of THL and Helsinki biobanks, the comple-
tion of the full cohort was directly affected by this 
delay. There was no such precondition included in 
the Auria Biobank MTA, enabling earlier delivery of 
partial data.

Co-operation of stakeholders

As illustrated in Figure 1, each biobank formed their 
own pseudonymised sub-cohort and delivered it to 
VTT. None of the biobanks had the leading role dur-
ing the process. Our observation from the process is 
that established mechanisms to execute projects with 
multiple biobanks are only just emerging because 
most biobank projects are currently still limited to 
only a single biobank. Nevertheless, co-operation 
with the biobanks was good throughout the data col-
lection, and co-operation practices were successfully 
agreed between the parties during the process.

Joint meetings were organised with the biobanks 
to monitor the progress, to define data formats and 
to share methods and tools between the biobanks for 
cohort formation. The pseudonymisation service first 
implemented by Auria Biobank was also used by the 
other two biobanks. The shared pseudonymisation 
algorithm enabled data delivery to VTT without 
direct personal identifiers while maintaining the pos-
sibility of detecting if the same individuals were pre-
sent in more than one sub-cohort. However, no such 
overlap was found.

To ensure compatibility between the sub-cohorts, 
common data structures for genome and hospital 
data were agreed upon between the biobanks follow-
ing the existing templates of THL Biobank and Auria 
Biobank, respectively. Each biobank received register 
data from THL and Kela in the same formats, which 



4  J. Lähteenmäki et al.

eliminated the need for further harmonisation 
between the sub-cohorts.

Based on the experience, the process could be 
made more efficient if data formats and related 
sample files were publicly available and could be 
accessed in the study design phase. This would ena-
ble the biobank customer to design and implement 
the data pipeline to be ready while waiting for the 
approvals of the data permit applications. The com-
plexity of the data pipeline was increased by the 
fact that the formats between hospital data and 
national registers are different. Additionally, there 
are differences between the formats of Hilmo and 
Avohilmo, as well as between the laboratory test 
codes between the hospital districts. The overall 
observation is that there is a clear need for harmo-
nisation of data formats for secondary use of health 
data and biobanking.

Cohort size

Table II includes the initially estimated and actual 
number of subjects obtained from the three biobanks. 
The cohort sizes are separately shown for the two 
PreMed objectives: the sub-study that included  
warfarin-treated patients only and the explorative 

VTT
applica�on for
ethical review

1 decision

Helsinki Biobank
Auria Biobank
THL Biobank

biobank applica�ons

2 decisions

applica�on for
Hilmo/Avohilmo +
laboratory data

2 decision

ini�al subcohort
(subject id’s)

Hilmo/Avohilmo
data

3

Ini�al composi�on of
subcohorts based on
diagnosis, age and
availability of genotype
data

applica�on for
medica�on data

2 decision

ini�al subcohort
(subject id’s)

medica�on data

ini�al subcohort
(subject id’s)

laboratory data

pseudonymised subcohort from each biobank
6

5
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4
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4
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Figure 1. Pharmacogenomics of antithrombotic drugs (PreMed) study data collection process with phases: (1) ethical review, (2) applica-
tions to data controllers, (3) initial sub-cohort composition, (4) composition of national register and laboratory data sets based on initial 
sub-cohorts, (5) composition of final sub-cohorts and (6) composition of the final cohort.
VTT: Technical Research Centre of Finland; HUS: Hospital District of Helsinki and Uusimaa; THL: Finnish Institute of Health and 
Welfare; Kela: The Social Insurance Institution of Finland.

Table II. Estimated and actual number of subjects in the PreMed 
study.

Pre-estimate Actual

 Warfarin 
sub-study

Full study 
cohort

Warfarin 
sub-study

Full study 
cohort

Auria Biobank 301 666 353 839
Helsinki Biobank 735 1626 636 1521
THL Biobank 1642 3632 2171 4645
total 2678 5924 3160 7005
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investigation of a larger group of antithrombotic 
drugs (full cohort). The estimated numbers were 
based on information received from the biobanks 
before data applications were submitted. In the end, 
the actual number of subjects was higher than was 
initially predicted, so that targeted statistical power 
was achieved. The underestimation of the cohort 
sizes may be explained by the limited coverage of 
drug data in the hospital data lakes (see next 
section).

Medication and diagnosis data

As the Auria Biobank and Helsinki Biobank sub-
cohorts included overlapping data from hospital data 
lakes and national registers for the same subjects, it 
was possible to compare these data sources. Table III 
shows comparisons on data coverage for eight 
antithrombotic drugs and eight diagnosis groups. The 
table indicates the number of patients for whom med-
ication data and diagnosis data were available in both 
hospital data lakes and national registers and the pro-
portion of patients with non-existent or unmatched 
medication data and diagnosis data. Data were 
deemed non-existent in the hospital data if the infor-
mation was available in the register data but was not 
documented or was missing in the hospital data. Data 
were deemed non-existent in the register data if the 
information was available in the hospital data but was 

not documented or was missing in the register data. 
Data were defined as unmatched if they were docu-
mented in both data sets (hospital and register) but 
there was a difference of more 30 days in the dates of 
the first documentation entry (the date of medication 
initiation or the date of the first diagnosis).

Limited coverage of hospital medication data was 
expected based on the a priori information commu-
nicated by the biobanks to us. The expected reason is 
that medication data have been stored in various sys-
tems and formats during the years, and it is difficult 
to retrieve data for use via the data lake systems. Also, 
the practices in documenting medication use in 
EHRs vary. Especially for the early phase of the study 
period (2007–2014), a large part of medication data 
was not documented in the hospital data sets. 
Restricting the data sets to the years 2015–2018 
reduces the share of non-existent data from 13.3% to 
10.2% and from 30.3% to 8.7% for Auria and 
Helsinki sub-cohorts, respectively. Similarly, this lim-
itation reduces the share of unmatched medication 
data from 41.1% to 37.3% and from 53.0% to 29.1% 
for Auria and Helsinki sub-cohorts, respectively. 
Non-existent hospital medication data may also 
partly result from antithrombotic drug therapy pro-
vided solely in the context of primary care episodes, 
which are not covered by hospital data but are cov-
ered by Kela medication data. A high number of 
dalteparin and enoxaparin users were not identified 

Table III. Comparison of hospital data (hosp.) with national register data (reg.) of medicine dispensations from Kela and diagnoses from 
THL register for the period 2007–2018.

Auria Biobank sub-cohort Helsinki Biobank sub-cohort

Patients with 
data hosp./
reg.

Data non-existent 
hosp./reg.

Data 
unmatched

Patients with 
data hosp./
reg.

Data non-existent 
hosp./reg.

Data 
unmatched

Drug or diagnosis
Warfarin 316/356 13.8%/2.8% 46.9% 403/656 40.2%/2.7% 70.9%
Dabigatran 46/61 34.4%/13.0% 62.5% 69/79 40.5%/31.9% 76.6%
Rivaroxaban 192/210 17.6%/9.9% 38.7% 162/221 34.4%/10.5% 53.8%
Apixaban 84/90 15.6%/9.5% 64.5% 168/164 15.2%/17.3% 52.5%
Enoxaparin 592/327 11.6%/51.2% 50.9% 1080/722 25.5%/50.2% 55.6%
Dalteparin 110/39 15.4%/70.0% 12.1% 43/99 74.7%/41.9% 40.0%
Clopidogrel 253/262 8.8%/5.5% 15.9% 291/432 36.6%/5.8% 31.4%
Ticagrelor 20/18 5.6%/15.0% 11.8% 151/142 20.4%/25.2% 20.4%
All drugs (mean) 202/170 13.3%/19.0% 41.1% 295.9/314.4 30.3%/22.2% 53.0%
Diagnosis group
Bleeding outcome 139/163 16.0%/1.4% 7.3% 252/308 19.8%/2.0% 6.5%
Thromboembolic outcome 237/236 1.7%/2.1% 6.0% 463/483 5.8%/1.7% 7.7%
Atrial fibrillation 395/399 2.8%/1.8% 15.5% 617/670 8.8%/1.0% 23.2%
Vascular disease 377/395 5.1%/0.5% 16.3% 728/732 3.8%/3.3% 20.2%
Pulmonary embolism 74/73 0.0%/1.4% 1.4% 150/157 6.4%/2.0% 8.8%
Stroke 164/164 3.0%/3.0% 7.5% 315/326 5.2%/1.9% 6.5%
Phlebitis 93/97 7.2%/3.2% 4.4% 172/171 5.8%/6.4% 6.2%
Neoplastic disorder 270/278 3.2%/0.4% 16.4% 446/479 7.9%/1.1% 22.2%
All diagnoses (mean) 219/226 4.5%/1.5% 12.0% 392.9/415.8 7.5%/2.1% 15.5%
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from the Kela registers because the drugs are admin-
istered by subcutaneous injection and are often deliv-
ered during hospitalisation, in which case they do not 
appear as medicine dispensations in the Kela 
register.

Concerning both diagnosis and medication data, 
differences may also result from cases when the indi-
vidual has moved in or out of the hospital district 
during the study period. Data from those subjects 
may not appear in the hospital data but are covered 
by the national registers – information on place of 
residence changes was not available for the study. In 
general, the differences between hospital data and 
national register data were smaller for diagnoses, 
which might follow from the fact that both data 
sources cover specialised care episodes only.

Genotype data

Resulting from the ongoing FinnGen project [24] 
and previous THL population study projects, a large 
set of harmonised genome data (population of 
500,000 genotyped donors to be covered by 2023) is 
currently available for research through the biobanks. 
Based on existing research, we selected 26 single 
nucleotide polymorphisms (SNPs) to be investigated 
in the study. We defined the availability of CYP2C9 
(rs1799853, rs1057910) and VKORC1 (rs9923231) 

alleles as an inclusion criterion to ensure coverage of 
the most relevant variants related to warfarin. All but 
two of the 26 SNPs were available for the study from 
the biobanks. The two missing SNPs (rs4986893 and 
rs3093235) were planned to be investigated in the 
explorative part of the study.

The genotype data were imputed. Imputation 
quality score varied in the range 0.898–1.000, with a 
mean value of 0.995. The allele frequencies for the 
full cohort and the three sub-cohorts are shown in 
Figure 2. Allele frequencies appear to be closely simi-
lar in all sub-cohorts, and there are no major differ-
ences from the European population [25]. The 
genotype data were observed to be in Hardy–
Weinberg equilibrium based on a chi-square test 
(p-values for SNPs varying in the range 0.07–0.99).

Laboratory data

We included results of 12 laboratory tests in the 
PreMed study protocol. Test results were available for 
a subset of 92.5% of the full cohort. Most importantly, 
international normalised ratio (INR) tests are used to 
monitor the effectiveness and safety of the warfarin 
therapy. The laboratory tests are also important indi-
cators of actual drug use. We assessed the complete-
ness of the INR data by investigating the number of 
tests per patient per year for the three sub-cohorts 

Figure 2. Minor allele frequencies for the three sub-cohorts (Auria Biobank, Helsinki Biobank and THL Biobank), the combined full 
cohort and earlier reported data for the European population (dbSNP).
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during the period 1 January 2007–31 December 2018. 
The medians (interquartile ranges) of the annual 
number of tests were 24.5 (18.4–35.8), 25.4 (19.2–
35.6) and 23.0 (17.1–33.4) for the Auria, Helsinki 
and THL Biobank sub-cohorts, respectively. The 
number of tests is in line with the current care guide-
lines for warfarin therapy and previous literature [26–
28]. Linear regression analysis showed a decreasing 
trend of −0.48 (95% confidence interval (CI) −1.35 
to 0.38) and −0.46 (95% CI −0.93 to 0.02) for the 
annual number of tests per patient in the Helsinki and 
THL Biobank sub-cohorts, respectively, while the 
Auria Biobank cohort showed an increasing trend of 
0.26 (95% CI −1.34 to 1.85) tests per patient. Based 
on the regression analysis, the yearly number of INR 
tests has not considerably changed during the obser-
vation period, suggesting that there was no severe dis-
tortion in the laboratory INR data sets.

The use of specific pharmacogenetic tests is still 
negligible in clinical practice. Pharmacogenetic test 
results were only available for seven of the warfarin 
users.

Conclusions

Our case study shows that a large cohort consisting 
of versatile individual-level phenotype and genotype 
data, for the purpose of a retrospective pharmacoge-
netic study, can be constructed by integrating data 
from several biobanks and health data resources in 
Finland.

The main challenge was the duration of the data 
collection process, which was 16 months in total. 
Especially from the point of view of industry-driven 
research, the process should be shorter, less labour 
intensive and more predictable. Most of the delays in 
the process can be attributed to the extraction of data 
from the national registers and related to data permit 
applications. These delays may be shorter in the 
future once the recently established Findata services 
are in full operation. Co-operation with the biobanks 
during the data collection process was good, and the 
project benefitted from open sharing of tools, meth-
ods and information between the parties.

The characteristics of the obtained study cohort 
were well in line with the data specification in our 
original research protocol, and the number of sub-
jects exceeded the expected number of participants. 
We performed tests on the data sets to indicate pos-
sible errors or inconsistency. In general, we observed 
the data quality to be good. As expected, differences 
between hospital data lake records and national reg-
ister data existed, especially for medication. The 
results suggest an improving trend in the medication 
data accuracy towards the end of the study period.

The study experiences indicate a need for a prede-
fined general model for executing projects with con-
tributions from multiple biobanks and national 
register controllers. This model should cover practices 
for co-operation and harmonised data structures for 
data access and exchange [29]. Initiation and accel-
eration of international level efforts, such as the crea-
tion of the European Health Data Space [30], is 
important, as there is also a rapidly growing need to 
facilitate data collection across country borders.
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