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Abstract

The Kanta Patient Data Repository (PDR) contains healthcare data from the population of Finland for more
than a decade. The repository is a continuously expanding real world dataset produced by many infor-
mation systems and healthcare service providers. Kanta data has been available for secondary uses such
as scientific research since 2019. The data can be requested from the Finnish authority Findata. However,
before a request has been accepted, it is difficult to assess if the accumulated data allows answering a
specific research question. Publicly available descriptions of data structures in the Kanta PDR do not tell
how much they are used in practice. This publication enables future data use cases by providing a view on
the overall availability of types of structured health data in the Kanta PDR based on a sample of 96 200
medical histories of over 18-year-old patients. We conclude that the Kanta PDR is a promising source of
real world data for development and evaluation of medical risk calculators within the Finnish population.
The wide coverage of the Finnish population and timeliness of the data are its strengths as a source of
research data also outside of Finnish context. However, the limitations on data availability in variable level
need to be considered on a case-by-case basis. Main challenges in the use of data in the Kanta PDR are
multiple code systems for laboratory results, short durations of recorded data for specific data types, and
missing or very rarely used structured format e.g., in cases of tobacco and alcohol use.
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Introduction with prediction time frames between 5 and 10

years [1]. The dataset must also contain enough

This paper presents an overview of the structured 4565 where the predicted risk has been realized,

healthcare data available from the Finnish Kanta and suitable input variables. Recording of patient

Patient Data Repository (PDR). The main motivation  y.t5 to the Kanta PDR is mandatory for all public

is to facilitate development and validation of medi- healthcare services providers, and for private

cal risk prediction. This requires data from many paqjthcare using electronic records including both

persons over several years. For example, cardiovas- primary care and inpatient care [2]. Storing data in

cular risk calculators have been developed with da- 1o kanta PDR started in 2014, and by the end of
tasets ranging from 5 209 to 2.4 million people, and
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2023, it contained healthcare data from 6.7 million
people [3]. As the Kanta PDR contains real world
data (RWD), it allows evaluation of the cost-effec-
tiveness of risk calculators, a criterion raised in a
previous study [4]. Data from the Kanta PDR can be
merged with data from other sources such as ge-
nome data from Finnish biobanks. The next sections
of the paper give background information on the
Kanta PDR, a description of the dataset containing
96 200 medical histories, and an analysis of the
availability and history of the main data types of-
fered for research.

Data in the Kanta PDR

In this study, we focus on the structured medical
records in the Kanta PDR. Kanta Services also in-
clude social welfare data, personal health records,
and prescription data which all are excluded from
this study. The medical records include both struc-
tured information and unstructured notes. After
late 2014, all public healthcare service providers
have had to record patient data to the Kanta PDR
[5]. In practice, the Kanta PDR has been taken into
use gradually over several years [6].

The data content in the Kanta PDR is similar to
health registries of other Nordic countries or other
healthcare registries in Finland [7]. In Finland there
are many other healthcare registries that are either
local registries containing data produced only by,
for example, one wellbeing services county, or sta-
tistical registries like Care Register for Health Care
(Hilmo) [8,9]. Functionally, the Kanta PDR can be
viewed as a national health information exchange
between service providers, and it also allows access
to personal health information through My Kanta
Pages [10]. This differs from many other Nordic reg-
istries that are mainly administrative allowing, for
example, health care surveillance [7]. Previous
studies on research potential of Nordic health reg-
istries cover the quality of the data on a general
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level [7,11,12]. In contrast, this study aims to pro-
vide data at the level of individual variables.

Health information in the Kanta PDR is split into two
groups; key health information and other applica-
tion area specific health information [13]. The key
health information as defined by Finnish authorities
contains essential patient information for the pro-
vision of healthcare. In practice, it includes diagno-
ses, clinical risk factors, procedures, physiological
measurements, laboratory tests, vaccinations, and
imaging studies. Application area-specific data con-
tains, for example, information related to optome-
try and oral health care. This study focuses on key
health information, because it creates a general ba-
sis for medical risk assessment.

Health data from the Kanta PDR for research pur-
poses is delivered by default in comma-separated
values (CSV) format for a requested set of struc-
tured variables [14]. However, all the patient data
recorded to the Kanta PDR are stored as XML docu-
ments using Health Level Seven (HL7) Clinical Docu-
ment Architecture Release 2 (CDA R2) format [15].
Also, there are Finland-specific implementation
guides and extensions to the HL7 CDA standard
[16]. We requested documents in their original for-
mat (CDA R2) as our goal is to advance general uti-
lization of health data.

Kanta PDR for research projects

Since 2019, data in Kanta has been available for sec-
ondary uses such as scientific research, under the
Finnish Act on Secondary Use of Health and Social
data [17]. We have found few research publications
that have used the Kanta PDR as the main data
source. For example, data from the Kanta prescrip-
tion centre has allowed creating a research cohort
based on medications [18]. Similar evaluation of the
Kanta PDR as we present has been done in the
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Valtava project, but the focus was only on diabetes
[19].

The Finnish authority Findata issues permits for sec-
ondary use of Kanta data and is responsible for fa-
cilitating the picking and pseudonymization of the
requested data [14]. In practice, the data is ex-
tracted by the controller of a registry which for
Kanta PDR is Kela, the Social Insurance Institution of
Finland. All the requested information must be well
justified by the planned research as by default all
the information in the Kanta PDR is private. Correct-
ness of data requests is important as the process
can be long. In 2024, estimates for processing time
of data permits are from 3 to 5 months and for data
picks from 3 to 6 months [20].

Data Resource Catalogue contains descriptions of
several Finnish data sources available for secondary
use, including a description for the key health infor-
mation in the Kanta PDR [8]. It lists the main varia-
bles in every category that can be requested but
lacks information of the amount of data that is
available in each of the categories, and this paper
aims to provide that information.

New data are recorded to the Kanta PDR only by
healthcare professionals and only when a patient
uses healthcare services. This means that the avail-
ability of data varies greatly between persons. How-
ever, collecting large datasets with fully defined
variables is time-consuming and expensive. This has
been an issue in many publications. By the year
2015 close to 3 000 scientific studies indexed in
pubmed.org suffered of too small sample size to
statistically represent the whole national popula-
tion [21]. The accumulation of new data to the
Kanta PDR for previously studied persons does not
require resources from the researchers, and re-
questing updates for a set of patients is possible.
The Kanta PDR reflects the use of healthcare
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services by the Finnish population without limiting
to a subset of service providers.

From the point of view of risk prediction, an alter-
native to the Kanta PDR as a source of data is the
national health risk study FINRISK which mapped
the health status of the Finnish population between
1972 and 2012. After 2012, the study continued as
a part of FinTerveys and Terve Suomi programmes
[22]. The study was made every 5 years and sample
sizes for each year were between 4 000 - 10 000 pa-
tients. The study included persons aged between
25 and 74 years from specific areas of Finland [23].

Both the Kanta PDR and the FINRISK cohorts include
laboratory tests and physiological measurements.
The FINRISK also contains structured lifestyle data
from questionnaires while in the Kanta PDR the
same information would be mainly in written text.
In the Kanta PDR, most of the data comes from peo-
ple with health issues, while FINRISK contains data
regardless of the health status of the persons. Com-
pared to the Kanta PDR, the FINRISK study has a
longer history in collecting health status data of
Finnish people.

Methods and materials

Research questions

The aim of the study was to find out the current
state of the structured data stored in the Kanta
PDR. In this paper, we covered the overall charac-
teristics which affect the use of the data for re-
search on medical risk assessment. As supplemen-
tary material, we offer information on the
availability of variables at a detailed level to allow
focus on specific cases of research. Our research

questions were:

RQ1 How long histories can be found for persons
from the Kanta PDR?
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RQ2 What kind of sample sizes for diagnoses can be
found from the Kanta PDR?

RQ3 What variables are available in practice in
structured format in the Kanta PDR?

Research data description

This study is part of the project Jasmine where the
whole medical history of 200 000 persons was re-
quested from the Kanta PDR. The data was picked
by Kela starting from 2014 up to the first half of
2022 and pseudonymized and delivered by Findata
to the secure virtual environment Kapseli. The data
included randomly picked persons who had used
Finnish healthcare services and were at least 18
years old. The documents were requested only
from the time when the person had been over 18
years old. We did not require a minimum number
of documents or data types per person as we
wished to find out the expected amount of data
also for healthy persons.

We received data for 192 399 persons due to the
above limitations and persons denying use of their
data. Due to plans for utilizing the data for machine
learning, the dataset was split randomly to equally
sized development and validation datasets. This
study only utilizes the development dataset, thus
all the results are based on medical histories of 96
200 patients. Because the data was requested and
delivered in original CDA R2 XML format, it required
additional processing to enable statistical analysis.
We selected all relevant information required in the
analysis from the documents and stored the infor-
mation in a separate SQLite database. All the results
and statistics shown in this paper are based on that
dataset.
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The 96 200 medical histories contain 31 million doc-
uments. On average, there are 150 documents per
person. Over half of the persons in our dataset are
identified as female (57.80%). There are also 307
persons in our dataset whose gender is undefined
or who have transitioned from one gender to an-
other.

Deaths and causes of deaths are not available in our
dataset as currently the information is stored out-
side of the Kanta PDR. This data could be merged
with data from the Kanta PDR with a broader re-
search permit.

Views (Nakyma in Finnish) are used for categoriza-
tion of medical records. Some views, such as neu-
rology and radiology, cover medical specialties,
while others can be used to store different certifi-
cates or information of laboratory services, for ex-
ample [24]. Views dedicated for paediatric special-
ties and adolescent psychiatry are not
comprehensively represented in our dataset due to
the age limit in our data request. Thus, they were
excluded from the statistics. The complete list of
views and their annual occurrences can be found in
Supplement A: CDA R2 Views in Kanta PDR. This list
allows estimating which application areas contain

enough data for research.

Part of the views contained no data for several
years after 2014. The most frequently used views
have data available already starting from 2014 (Fig.
1). Notably, there has been approximately a tenfold
increase in the usage of the laboratory view since
the year 2019, which is covered in more detail in re-
sults.
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Figure 1. Use of ten most common views between 2014-2021.

Results

RQ1: How long histories can be found for persons
from the Kanta PDR?

The majority of persons (79%) have entries from 8
or 9 distinct years, and most people (70%) have 10-
50 documents per year. As the Kanta Services are
developed in stages, all the data types have differ-
ent lengths of history, and they have to be consid-
ered case by case. The Kanta PDR is not a perma-
nent registry as medical records are only stored 12
years after the death of a person or 120 years from
the birth [25].

RQ2: What kind of sample sizes for diagnoses can
be found from the Kanta PDR?

The occurrences of diagnoses were collected from
the dataset and listed in the Supplement B: ICD-10
diagnosis group codes in Kanta PDR and Supple-
ment C: ICPC-2 codes in Kanta PDR. Both supple-
ments include the total number of diagnoses and
the number of persons who had them. To preserve
anonymity, exact numbers are provided only for

14.10.2024

cases with 5 or more occurrences. The ICD-10 (In-
ternational Classification of Diseases, Tenth Revi-
sion) codes were grouped by the first 3 characters
as a more detailed level would increase the need
for anonymization.

A rough estimate of the total amount of diagnoses
for over 18-year-old people in the Kanta PDR can be
produced by multiplying the diagnosis count with
47, as the number of people in the sample was 96
200 and in the year 2022, the number of over 18-
year-old persons in the Finnish population was 4
537 778 [26]. With this sample size, the order of
magnitude of the found diagnoses should be relia-
ble. However, if a new sample would be taken from
only one area of Finland, the number of found diag-
noses could differ greatly from the overall average.
The results for ICD-10 include a total of 1798 differ-
ent codes from which 1574 were found from at
least 5 persons. The results for ICPC-2 (International
Classification of Primary Care, 2nd edition) include
a total of 1172 different codes from which 922 were
found from at least 5 persons.
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As diagnoses are often predicted variables in risk
evaluation, the expected reliability of the data
should also be considered. In principle, the diagno-
sis data should be reliable as all public healthcare
service providers have been obligated to archive
data to Kanta after late 2014 [6]. However, from the
frequencies of primary diagnoses per year shown in
Fig. 2, we can see that the initial growth in the num-
ber of recorded diagnoses stopped in the year
2017, and diagnoses are likely to be missing before
that year. Thus, we conclude that diagnosis data in
the Kanta PDR allows medical risk assessment only
after the year 2017. In addition to the primary diag-
nosis there are also other diagnoses where addi-
tional information can be attached. That explains
why the frequency of persistence of a diagnosis can
be higher than the frequency of primary diagnosis.
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An additional exception is diagnosis data from the
area of Aland that was found to be missing from the
Kanta PDR in the Valtava project [19].

The most frequent ICD-10 code Z01 describes the
treatment process and next most frequent ones are
common diseases such as respiratory infections
(Jo6) and dental caries (K02). Diagnoses in the
Kanta PDR reflect the way healthcare professionals
make diagnoses in Finland. Thus, some diseases
may be underdiagnosed or diagnosed imprecisely
if, for example, their treatment does not require an
exact diagnosis. Also, a formal diagnosis may never
be added to the Kanta PDR in cases when, for ex-
ample, a laboratory result alone is sufficient in prac-
tice.
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500 000 +
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Persistence of a diagnosis
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Figure. 2. Usage of elements in diagnosis structure and the primary diagnoses between 2014-2021.
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RQ3: What variables are available in practice in
structured format in the Kanta PDR?

1) Diagnoses

Diagnoses are recorded in Finland with ICD-10
codes used by doctors and dentists, and with ICPC-
2 codes mainly used by other healthcare profes-
sionals [24]. The visit reasons reported by the pa-
tient are written as free text without the ICD-10 or
ICPC-2 codes.

Based on our data, ICD-10 has always been the pri-
mary classification system used in the Kanta PDR
with a total of approximately 11 million diagnoses
while ICPC-2 was used in a total of 1.3 million cases.
In addition to the diagnosis code, other structured
information can include diagnosis priority, the
cause of the adverse effect, diagnosis persistence
and diagnosis certainty. From the analysis of the
fields in the diagnosis structure (Fig 2), we can see
that diagnosis persistence is the most recorded ad-
ditional information. Diagnosis persistence de-
scribes if the diagnosis is permanent or temporary.
Diagnosis certainty is recorded in nearly half of the
cases and the use of episode identification attach-
ment to diagnosis structure has increased after
year 2020. Other structures are found in under 2%
of cases.

2) Physiological measurements

Physiological measurements include variables such
as height, weight, smoking status, blood pressure,
and body temperature. 86 types of structural phys-
iological measurements are defined for the Kanta
PDR [27], and we found at least one occurrence for
66 types.
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Our sample of 96 200 people included approxi-
mately 740 000 physiological measurements for
around 29 000 individuals. This means that 70% of
people did not have any structured physiological
measurements after they were 18 years old. There
were physiological measurements from 13 distinct
years, and 80% of them were from the last three
years 2020-2022. The five most common physiolog-
ical measurements are systolic and diastolic blood
pressure, heart rate, body temperature, and
weight. Systolic and diastolic blood pressure and
heart rate measurements have almost the same
number of measurements recorded to the Kanta
PDR, because in practice they are received from the
same measurement.

Visualization of structured physiological measure-
ments over the years shows that they are rare be-
fore the year 2018, and a growth trend after it (Fig
3). The growth matches legislation that requires all
healthcare information systems to record all physi-
ological measurements to the Kanta PDR by the end
of 2019 [28].

Information on how many and what types of physi-
ological measurements people have is included in
the Supplement D: Physiological measurements
unique patients yearly in the Kanta PDR. From Fig.
4 we can see that in around 50% of cases, the top
10 most commonly occurring physiological meas-
urements occur only once throughout the patient
treatment history. In roughly 40% of cases, meas-
urements occur 2-5 times throughout the history. A
complete list of measurement occurrences is in-
cluded in the Supplement E: Physiological measure-
ments occurrences per patient in Kanta PDR.
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Figure. 3. Change of top 10 physiological measurements over time for unique persons with at least one

measurement.
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ber of persons who have had at least one physiological measurement of that type during the treatment

history in sample set of 96 200 persons.
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We conclude that the coverage of physiological
measurements in the Kanta PDR is still low but is
likely to improve with the current pace of recording
of new data. Also, some critical information is miss-
ing from the point of view of risk prediction. For ex-
ample, physiological measurement structure speci-
fication is missing for alcohol usage. Also, even
though smoking has two structured specifications,
they are very rarely used with less than 15 found
records.

3) Laboratory tests

Laboratory test results are stored in the Kanta PDR
under the laboratory view using different code sys-
tems and codes. Laboratory service providers can
have their own local code systems, which means
that results of the same laboratory tests can be
stored under different codes and names. In our da-
taset, we found a total of 318 unique laboratory
code systems.
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Kuntaliitto laboratory test code system has been
developed to standardize the laboratory test codes
on a national level. From the total number of rec-
orded laboratory studies in our dataset, the Kunta-
liitto code system covered 60% followed by “Fimlab
tutkimuskoodisto” at 7%. We also found 35 code
systems recorded using Pegasos patient infor-
mation system with a joint coverage of 21%. This
has been reported to be a bug in the Pegasos sys-
tem [19]. If the bug is fixed, the coverage of Kunta-
liitto should rise to 80%, however this will not cor-
rect the already recorded data.

The most frequent laboratory results are shown in
Fig. 5. They show a growth trend after year 2020,
and contain groups such as B-Hbm, E-MCV, B-Eryt,
E-MCH, and B-Trom where counts are nearly iden-
tical. These laboratory results belong to baseline
blood count. A full list of the annual laboratory test
occurrences with the Kuntaliitto code system is in-
cluded in the Supplement F: Kuntaliitto laboratory
studies in Kanta PDR.

Figure 5. The change in the number of most frequently occurring laboratory results between 2014 and

2021.
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Overall, the recording of laboratory studies in a
structured format is comprehensive. However, the
varying code systems and lack of mappings to an in-
ternational standard limit the usability of the data
for research.

4) Clinical risk factors

The Kanta PDR contains multiple types of clinical
risk factors such as medication reactions & aller-
gies, risk from diseases and treatments, considera-
tions for blood product transfusion, and behav-
ioural risks [24].

The risk information structure contains the level,
type, and estimated end date of a risk, related code
systems, annotations for patient care, the reason
for an end of the risk, and a unique risk identifier
[29]. To find out how risk information is recorded in
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practice, we calculated the occurrences of risk
types found in the risk information view. A total of
64 different risk types were found from our dataset.
The most common risk type was ”Other infection or
need for isolation” that covered nearly 30% of all
occurrences. This risk type was used more than any
of the other risk types during the year 2021. This
outlier was likely related to the rise of COVID-19
cases in that year.

To show development of clinical risk factors over
time, we dropped the “Other infection or need for
isolation” out and put the next 10 most common
risk types into a timeline (Fig. 6). The graph reveals
a growing trend in the recording of clinical risk in-
formation. A complete list of yearly occurrences of
risk information in our dataset are in the Supple-
ment G: Risk information in Kanta PDR.
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5) Vaccinations

Vaccination information has been recorded into the
Kanta PDR since 2014 [30], but was often in free
text format before 2021 [30]. If vaccination infor-
mation is available from earlier years, it has been
entered retrospectively. According to the Finnish
national vaccination programme, most vaccinations
are given before the age of 18 [31]. This means that
most vaccinations are likely not found from our da-
taset. However, we can still analyze trends in the
use of the structured fields. Structured recording of
vaccinations took a big step forward during the
COVID-19 pandemic, because it was required from
all healthcare service providers.

Over the entire timespan of our dataset, structured
information can be found for vaccination ID, vac-
cine protection, and vaccine information [29]. The
vaccine protection identifies the targeted diseases
on a general level. The exact vaccination product
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can be identified with Anatomical Therapeutic
Chemical (ATC) codes and Nordic product numbers
(VNR codes). Data on adverse effects of vaccines or
investigational vaccines were not found in our da-
taset. Figure 7 shows the number of structured oc-
currences of ATC codes, vaccine protection, and
VNR codes. As we can see, when vaccination infor-
mation is recorded retrospectively, the protection
information is recorded in over 80% of cases, and
VNR code or ATC code is recorded only in under
20% of cases. The use of VNR and ATC codes be-
came more common between the years 2010 and
2014, and after 2015 the exact identification of the
vaccine products is generally possible. VNR code is
almost always available after 2021. A complete list
of the occurrences of vaccination protection infor-
mation, ATC codes, and VNR codes are included in
the Supplement H: Vaccinations in Kanta PDR.
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Figure 7. Vaccination structure occurrency change between 1983-2022.

14.10.2024

FinJeHeW 2024;16(3) 264



Finnish Journal of eHealth and eWelfare

6) Procedures

The Kanta PDR provides data on healthcare proce-
dures, whether they are performed, planned, or
proposed. The data includes details on complica-
tions and side effects stemming from completed
procedures. However, according to the data re-
source catalogue operation reports, detailed infor-
mation on radiology procedures, images obtained
from imaging procedures, or any other associated
imaging materials are not available for secondary
use [8]. In our dataset, there were 1.8 million refer-
ences to the code system for radiology procedures.
As the data resource catalogue states that radiology
data are not available for secondary use, we ex-
cluded it from our analysis.

To find out which procedures are recorded to the
Kanta PDR, we analyzed a subset of the views in-
cluding only information under specifications THL
procedure and THL oral health care procedures.
This data includes a procedure code and type and
state of the performed procedure. Structures con-
taining complications were not included as they
were rare in the dataset. We found that the most
common procedures were related to oral
healthcare. Over 5 000 unique healthcare proce-
dure types were found. A complete list of proce-
dures and their occurrences are included in Supple-

ment |: Procedures in Kanta PDR.

Discussion

Our overview on the Kanta PDR is similar to previ-
ous reviews of Nordic health registers [7,11,12], but
we also provide wider and more detailed lists of the
availability of variables as supplementary material
to facilitate practical research work. The Kanta PDR
is a valuable data source as it holds data practically
for the whole Finnish population, and the data can
be combined with other sources such as Finnish bi-
obanks. Also, as the Kanta PDR contains real world
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data, any risk assessment methods that work with
the data can be automated in practice.

However, we also found targets for future improve-
ments for the Kanta PDR. Some basic health data,
such as structured smoking information and alcohol
usage, was found very rarely or not at all. Similarly,
many structured physiological measurements such
as height and weight were found for less than 20%
of persons. Also, the standardization of laboratory
results could be better as the standard Kuntaliitto
code system was found only in 60% of the entries.
These findings are similar to the ones reported pre-
viously in the Valtava project [19]. Thus, when con-
sidering the use of existing risk calculators [1] in Fin-
land, the suitability of data in the Kanta PDR should
be evaluated with the listings of the availability of
variables. A concrete improvement for the research
use of data in the Kanta PDR would be to extract
basic health information such as smoking, height,
and weight from text data. Based on our prelimi-
nary analysis of textual data, this could radically in-
crease the availability of the variables. Providing re-
sults of centralized text mining as variables in the
Data Resource Catalogue [18] would save time as
researchers would not need to develop methods
separately. Also, from a privacy point of view it
would be good to develop ways to utilize the data
without giving access to raw text data. Another con-
crete need is a mapping from the multiple labora-
tory code systems found in the Kanta PDR to an in-
ternationally recognized standard. Otherwise, as
the Kanta PDR is a continuously growing dataset,
simply waiting for more data to accumulate will
make it an increasingly useful data source.

Conclusion

In this study, we found that the Kanta PDR contains
many types of structured information that can be
used in development of medical risk assessment.
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Diagnosis information is widely available for the
population of Finland starting from the year 2017.
Structured laboratory results and physiological
measurements are also promising as we found a
large growth in the number of recorded entries af-
ter 2020. A few more years of recording will make
them valuable inputs for medical risk assessment.
We also found that recorded vaccinations have
moved from a general specification of given protec-
tion to more precise ATC and VNR codes after the
year 2015. Other data relevant to medical risk
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