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Abstract—There are situations where we need to understand a
person’s health register data, get an overview of it and inspect the
details of interest, preferably in a short period of time. Typical
situations are a doctor seeing a patient for the very first time,
or a researcher trying to understand what makes a person an
outlier in a patient cohort.

We have developed a visualization tool, called LifeTrack, that
will show a person’s whole health register history in a single view.
The structure of the LifeTrack data view is based on concepts
familiar to the target audience, and allows one to see both the
overview and details of the data.

Index Terms—health information management; data visualiza-
tion

I. INTRODUCTION

Health register data is a valuable resource for clinical work,
medical research and the development of new medications.
Databases of health data, or Electronic Health Records (EHR),
contain longitudinal histories of diagnoses, treatments, med-
ications, and outcomes. Analyzing the health register data
allows us to identify patterns and trends in disease prevalence,
risk factors, and treatment outcomes. Overall, the health reg-
ister data can play a crucial role in improving patient care,
advancing medical research, and understanding medical care
resource use and outcomes.

Health data tends to be voluminous and complex, making
identifying patterns and trends daunting. We propose a novel
interactive visualization technique for a person’s EHR data
called LifeTrack. It is an overview+detail [1] visualization that
allows the recognition of patterns and inspection of details in
a single view. LifeTrack lets you explore the available health
data without any pre-configuration or assumptions about the
available data.

EHR data often originates from separate registers (e.g. hos-
pital, outpatient clinic, death, cancer) and contains a variety
of medical vocabularies for diagnoses, procedures and med-
ications. LifeTrack uses the classification systems present in
medical code sets to organize the data in a way that clinicians
and medical researchers are familiar with.

The main idea is to show all the EHR entries in a (single)
view which can be queried or drilled down by mouse-hover,
revealing the details (e.g., type of visit or provider, age, etc.)
for the health register entry depicted as a point. We use a
variant of the dot plot to present EHR entries. The layout is
a traditional time vs. register entries, but we bring structure
to the visualization by categorizing and classifying the entries
according to vocabularies in addition to the source registers.

This work was done in the context of the FinnGen project1.
The data shown in this article is artificial: any personal IDs
visible are fake, and only the data distributions are similar to
the actual health register data.

II. BACKGROUND

The problem of visualizing a person’s health history as
depicted by EHR entries has been widely studied, as the recent
state-of-the-art report shows [2]. There are several systems that
focus on the visualization of a person’s EHR history, with
varying goals. Many of the proposed techniques concentrate
on summarizing the EHR data, without giving access to the
details.

Zhang et al. [3], [4] presented IDMVis, a decision support
tool to visualize temporal event sequences in type 1 diabetes
treatment. IDMVis can combine and visualize temporal event
sequences for diabetes management tasks, and it was devel-
oped in close co-operation with clinicians.

Borland et al. [5] proposed using radial variant of parallel
coordinates to present health data. They used the approach to
analyze data from the UK’s NHS by using an interactive tool,
and present an interesting analysis of London practices that
appear initially to be outliers.

Gschwandtner et al. [6] presented CareCruiser, a prototype
system to visualize clinical treatment plans and their effects
on the patient’s condition. The system focuses on visualizing
the lab values and their changes.

Bui et al. [7] created a system called TimeLine that provides
a rich view into EHR data. Its aim is to create problem-centric
temporal visualizations for medical data.

Bade et al. [8] have developed interactive visualization
techniques for time-oriented data, which have been applied
to the medical and stock exchange domains and should be
generally applicable. Their focus is more on the overview than
the details.

III. VIEW LAYOUT AND ENCODING

EHR data is basically events over time. The main compli-
cation is that there are many event types, and they can pile up
around the same time points, making the visual presentation
difficult to construct and hard to read.

Figure 1 shows our layout idea. Time is on the x-axis, and on
the y-axis there are multiple parallel axes defined by the cate-
gories and classifications. At the top level, there are categories

1https://www.finngen.fi/en
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procedures, diagnoses, and medications. The categories are
further divided into classes based on the vocabulary used in the
entry, such as ICD (International Statistical Classification of
Diseases and Related Health Problems2) or ATC (Anatomical
Therapeutic Chemical Classification3). ICD and ATC are the
two most extensive classification hierarchies used, and only
the top levels of them are used in the layout.

Fig. 1. Dividing EHR events into procedures, diagnoses, and medications.
Within each area, the events are placed on distinct x-axes based on the
vocabulary, or on the top level of the vocabulary hierarchy.

The diagnoses category is further divided into certified
diagnoses and diagnoses (Figure 2), where certified diagnoses
are diagnoses that have been reviewed by an oversight orga-
nization and are often confirmed by more than one specialist.
Such diagnoses are needed to get national health (KELA)
reimbursement for medication, a diagnosis for cancer, or a
cause of death on a death certificate.

The “unclassified” category is for the entries that LifeTrack
is unable to place into any of the known classes. At the
moment, there are only few such items. Most of them are
drug codes that are not yet in the ATC.

Fig. 2. Categories and source registries.

The EHR entries are color-coded according to their source
register. In FinnGen, the main registries are the Finnish
Cancer Registry (CANC, since 1953), Causes of Death
(DEATH, 1969), Care Register for Health Care inpatient
visits (INPAT, OPER IN for procedures, 1969), Care Reg-
ister for Health Care specialist outpatient visits (OUTPAT,
OPER OUT, 1998), Register for Primary Health Care Visits

2https://www.who.int/standards/classifications/classification-of-diseases
3https://www.who.int/tools/atc-ddd-toolkit/atc-classification

(PRIM OUT, 2011), Drug Purchase (PURCH, 1995), and
Kela4 Reimbursement for medicine expenses (REIMB, 1964).
LifeTrack indicates the register’s start year with a vertical bar
with the same color encoding as the register. In an entry class,
there can be events from several registries. Indication of the
register start helps users understand that the patient may have
had the condition earlier, but we do not have any register data
to know for certain.

IV. LIFETRACK VISUALIZATION TOOL

In the following, we first describe how LifeTrack obtains
the data. Then we explain the visualization views, how one
can interact with them, and describe how the tool was put
together.

A. Input

A person (or a case) to visualize is chosen in LifeTrack
from a list of individual IDs provided by a cohort file. The
cohort file is a tsv (tab-separated values) text file that must
have a column named FINNGENID (other columns may be
present, but are ignored). This is the standard method to pass
cohort definitions between FinnGen software tools.

Below the case-selector is a checkbox titled “Hide visited”.
When toggled on, the selector will only show those cases from
the cohort that have not been loaded during the current session.
This book-keeping feature is meant to a situation where you
want to explore every case in the cohort file.

In the FinnGen project, the actual register data is read from
a BigQuery database, and the code translations come via the
FinnGenUtils.R package.

B. Views

Figure 3 shows the LifeTrack user interface. On the left is
the dashboard menu that contains the visualization controls,
and on the right is the LifeTrack visualization. From top to
bottom, the visualization controls include cohort, individual
selector, filtering options, and general settings. On the top
of the dot plot view there is a title row that gives some
background information about the person: ID, gender, birth
year, height, smoking status, the number of offspring, the
county of birth, the number of register entries, and the time
period we have data for this person. The dashboard menu can
be hidden from the hamburger menu on the dashboard header
to release more space for the visualization.

The LifeTrack visualization will simplify the view as much
as possible by leaving out categories, classes, and source
registries that do not have any data. This is the highest
abstraction of register entries, and can be acquired simply by
reading the y-axis values and the source register legend.

Register entries are depicted as a dot plot (or dot chart) [9]
on separate x-axes according to the class of entry. If there are
multiple entries on the same date, or close by, then the points
are offset slightly to remain distinct. With this technique, it is
easy to see where there are gaps or clusters of entries. Figure
4 shows a simple dotplot.

4https://www.kela.fi
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Fig. 3. The user interface of LifeTrack.

Fig. 4. A simple dot plot illustrating the stacking.

FinnGen’s current “data freeze” (a pseudonymized snapshot
of registers) contains genotype and health register data for
473,681 individuals. Typical input data size (the number of
health register entries for a person) is shown in Table I. The
median for entries is 352, and the mean is 554.3. Over 65%
of the individuals have 500 or less register entries, and over
99% have less than 5000 entries. The majority of the cases can
be explored with LifeTrack’s default settings and by adjusting
the plot settings it is possible to process even the cases with
the highest number of entries.

TABLE I
THE DISTRIBUTION OF REGISTER ENTRIES IN FINNGEN DATA.

Entries N Percentage
1-100 46848 9.89

101-500 263134 55.60
501-1,000 111703 23.60

1,001-5,000 48796 10.30
5,001-10,000 2109 0.45

10,001-20,000 805 0.17
> 20,000 185 0.04

C. Interaction

Once an individual ID is chosen, LifeTrack will read all the
register data for the person and construct the visualization.
It can be then queried by “mouse-hover” or by moving the
mouse on top of a register entry (a point). Figure 5 shows
how the entry details are presented.

Selecting the desired point can be challenging in some
situations. LifeTrack will help by automatically choosing the
closest point for the hover. If there are several events on the



same day, they are all selected, but only the details of the
closest one are displayed.

Exploring a set of register entries via hover will get tedious
when there are many points close to each other. In LifeTrack, it
is possible to select a group of points with a lasso tool and see
the included register entries as an interactive table (Figure 6).
The register entries can then be sorted by the column headings,
and the displayed items can be limited by giving a search
string.

Fig. 5. Details of a health register entry.

Fig. 6. Selecting a set of cases and viewing them as an interactive table.

If you have found an entry of interest and would like to
see the events around it, selecting a single point without using
the lasso tool is also possible. This will open the table view
for the point (or points, if there are several in that day and

entry class). There is then a slider in the user interface that
specifies how these single-click selections will be extended by
setting the +/- months value. This will give a table of events
before and after the entry of interest (even from other parallel
classifications on the y-axis that may be out of view), and may
help in finding causal relationships.

Another method to simplify the visualization is by horizon-
tal and vertical zooming. The most obvious need is to limit
the time span of the displayed register entries. For example,
in the FinnGen data set, some registries go back to the 1960s
while most registries have data starting from the mid-1990s.
This kind of data will waste screen estate and make the dot
plots more crowded. Limiting the date range makes it possible
to concentrate on a desired period.

The y-axis can be simplified by giving a regular expression
of data classes to be viewed. Suppose you are interested in
classes related to respiratory diseases. Using “respiratory” as
an expression will show only the diagnoses and medications
related to it (Figure 7).

Fig. 7. Limiting LifeTrack into categories containing string ”respiratory”.

Finally, it is possible to give a regular expression of register
entries to be highlighted. The regular expression will be
matched both to the entry code and its translation, making it
easy to spot desired entries. The entries itself are not visually
changed, but the alpha channel value of non-matching entries
is lowered, i.e. they fade to the background (Figure 8). While
being faded, you can still hover-query them.

Fig. 8. Highlighting the entries selected by regular expression ’ˆJ4|ˆR03’.
This regular expression matches to strings starting either with ’J4’ or ’R03’.

In Figure 8, the entry filter is “ˆR03|ˆJ4” which will
choose the ATC code starting with “R03”, denoting “drugs
for obstructive airway diseases”, or “J4”, which is the top ICD
class for “chronic lower respiratory system diseases”. The filter
can of course be a simple string, such as “emergency” (high-
lighting entries entered in emergency services) or “hospital”
(highlighting entries recorded in a hospital context). A set of
highlighted values can be opened in the table view by clicking
any of the points.

D. Implementation
LifeTrack is implemented as a shiny web application [10]

with the R language [11] by utilizing the shinydashboard



framework [12], [13]. Many R packages are used, the most rel-
evant ones being from the tidyverse [14] collection, especially
ggplot2 [15] and its interactive SVG extension ggiraph [16].
In addition, the DT package [17] and DataTables JavaScript
library [18] are used to implement the interactive table view.
LifeTrack is open source and available on GitHub5.

V. DISCUSSION

LifeTrack complements our earlier Trajectory Visualization
Tool (TVT) [19]. TVT is limited to six-dimensional data, but it
uses OMOP concepts [20] instead of raw register data used by
LifeTrack. So with TVT, the OMOP concepts unify register
entries making observations over time easier, but the cost is
limited dimensionality and additional configuration time. From
the data protection perspective, the TVT approach is safer as
it masks the underlying raw register data. Since TVT’s six
dimensions are compressed into one y axis, you can view
many individuals at once and look for common patterns across
a cohort of individuals, rather than looking in detail at one
individual.

Visualization tools which enable drilling down into EHR
details are rare because of the data protection issues and
the requirement that data viewed outside a Trusted Research
Environment (TRE) represent at least 5 individuals. However,
as the number of TREs grow, such as the UK Biobank and
the All of US TRE environments, so does demand for these
types of EHR visualization tools.

LifeTrack has already demonstrated a popular reception
from both clinicians and researchers.

Clinicians often face a situation where they need to famil-
iarize themselves with a patient’s medical history in a limited
time. Patients frequently fail to summarize their health history
with adequate detail, and reading several pages of EHR entries
is not an option. In this situation, LifeTrack enables a clinician
to get an overview and rapidly drill down into relevant details.

Additionally, the ability to see how the medical codes are
used in practice helps researchers create better phenotypic cat-
egories for genetics analyses such as genome-wide association
studies (GWAS). The start and stop times shown vertically for
the registries also help researchers understand how age of onset
of a condition may be represented in the data.

Researchers are also using LifeTrack to review individuals
with rare genetic diseases. For example, a geneticist may
be interested in confirming a rare variant as the cause of
disease. LifeTrack enables geneticists to easily load and view
the individuals with the variant – due to the rareness of the
disease and difficulties in arriving at an accurate diagnosis,
cases may have different ICD codes – but the researcher can
look for additional evidence from treatments, procedures and
medications, and basic height and weight statistics. Similarly,
for individuals listed as having a rare disease their codes can
be reviewd to see if their medical life history supports that
diagnosis, or if it is possibly a typo.

5https://github.com/FINNGEN/LifeTrack

The development of LifeTrack still continues. One recog-
nized extension is to add laboratory results, clinical notes, and
radiology notes into data. They are also events over time, and
would complete the view provided by LifeTrack.

VI. CONCLUSION

The visualization of electronic health records (EHR) is
becoming an essential facility for clinical work and medical
research. Understanding the ever-growing content of EHR data
provides a reliable record on how the various treatments,
procedures, and medications actually perform.

We have designed and implemented an interactive LifeTrack
visualization tool for EHR data. It is based on the traditional
overview+detail concept and its data representation is im-
mediately understandable to specialists familiar with medical
coding systems.

The earlier approaches proposed have usually concentrated
on the overview aspect of the problem, mainly for the
data security reasons. This is now clearly changing as the
pseudonymization and trusted research environments are be-
coming acceptable.
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