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1 Introduction

The large amount of information stored in health databases shines a spotlight
on the possibilities offered by retrospective clinical studies. However, the pro-
cessing of large amounts of data sets requires new methods and new algorithms
in many cases, since due to the unique nature of the operation of healthcare
and the complexity of the human biological system, data mining methods can
typically only be applied after area-specific extensions. Advanced data science
methods adapted to health care can effectively contribute to the implementa-
tion of retrospective clinical studies and can provide a basis for a more thorough
understanding of the functioning of the human biological system. This new
knowledge can help doctors implement personalised medicine.

2 Goals and applied methods

The aim of my research was to develop such new healthcare-adapted data science
methods and algorithms, which can effectively contribute to the extraction of
information from large (sometimes unstructured) healthcare data files and to
the discovery of the information hidden in the data.

My research covered the following topics: development of new control group
selection methods for retrospective case-control studies; developing new similar-
ity measures for evaluating the results of the control group selection; analysing
the effect of missing variables during the control group selection process; and
extracting information from large, unstructured healthcare datasets.

3 New scientific results

Control group selection
Thesis 1.1

I proposed three quantitative dissimilarity measures to measure the dissimilar-
ity of case and control groups regardless of the types of variables. Two of them
evaluate the similarities of case and control groups based on the similarities of
the paired individuals, and the third one compares the distributions of the char-
acteristic features of the groups. The characteristics of the proposed methods
was shown on synthetic datasets. All proposed measures are linear but their
responsiveness is different. Results pointed out the fact that evaluating case
and control groups must be made from different aspects, using both pairwise
and distribution-based measures.

Thesis 1.2

I proposed a novel nearest neighbour-based control group selection method
called Weighted Nearest Neighbours Control Group Selection with Error Mini-
mization (WNNEM). The proposed method calculates the dissimilarities of the



individuals in the original feature space of the independent variables. The inde-
pendent variables are weighted based on a logistic regression-fit. For finding the
nearest neighbours, WNNEM uses Vogel’s approximation to solve such cases
where an individual of the candidate group would be paired to more than one
individual of the case group. The effectiveness of the WNNEM method was eval-
uated on benchmark and synthetic datasets. Evaluation results showed that the
proposed WNNEM method is able to select a more balanced control group than
the most widely applied greedy form of the propensity score matching method.

Thesis 1.3

As the previously developed WNNEM method utilises local optimisation, I pro-
posed a novel simulated annealing-based control group selection method called
Weighted Nearest Neighbour Control Group Selection with Simulated Annealing
(WNNSA). The WNNSA method utilises simulated annealing to achieve a global
optimum during control group selection to find the nearest neighbours. The ef-
fectiveness of the WNNSA method was evaluated on benchmark and synthetic
datasets. Evaluation results showed that the proposed WNNSA method is able
to select a more balanced control group than the WNNEM method if numerous
conflicted situations arise in the selection process of similar individuals.

Thesis 1.4

I analysed the effect of missing binary independent variables on the results of
case-control studies using logistic regression-fit. Using Monte Carlo simulations,
my empirical results showed that there is a correlation between missing binary
independent variables and the model accuracy. The Monte Carlo simulations
revealed, that the selection of independent variables is a critical step in case-
control studies as a biased control group in regard to the missing variable may
crucially affect the analyses results.

Information extraction from echocardiography documents
Thesis 2.1

I examined and compared different text similarity metrics applied in the field of
NLP to determine which similarity metrics present the highest gain in terms
of extracting medical terms from echocardiography documents. The exam-
ined metrics were the following: Longest Common Subsequence, Levenshtein
distance, weighted Levenshtein distance, Jaro-Winkler distance and cosine dis-
tance. I established that the Jaro-Winkler distance is the most suitable to
identify medical terms in echocardiography documents written in Hungarian
language.



Thesis 2.2

By utilising the findings of the comparison of different text similarity metrics,
I proposed a text mining-based information extraction method to extract nu-
merical measurement results from echocardiography documents. The proposed
method performs generally applicable, language-independent text-cleaning pre-
processing activities, automatically identifies measurement names and results,
and returns them in a structured way. The methodology is also able to iden-
tify, correct and unify synonyms, acronyms, and typos. Since the method does
not contain any language-dependent implementation elements, it is suitable for
processing echocardiography findings written in any language.

The proposed text mining-based information extraction method was evalu-
ated on a document set containing more than 20,000 echocardiography reports.
During the evaluation, 12 relevant echocardiography parameters were extracted
from the documents. As a result, an average sensitivity of 0.904, an average
specificity of 1.0 and an average F1 score of 0.948 were obtained. The eval-
uation sufficiently demonstrated the broad applicability of the method, also
confirmed by the experts.

4 Utilisation of results

My dissertation includes novel nearest neighbour-based control group selection
methods and a novel general text mining-based information extraction method.

The developed control group selection methods can be widely used in case-
control studies, irrespective of the field of the study. This statement is evidenced
by the fact, that in a recent study, Pouwels et al used the WNNEM method to
select healthy participants from different sites [1]. The method is also mentioned
and applied in the Pachama study [2] and in a dissertation [3] written at the
University of Duisburg-Essen. The purpose of the research described in the
professional paper was to create a dynamic baseline that algorithmically selects
a regulatory area as an appropriate comparative reference for a carbon project,
while the dissertation analyses the financial situation of Chile.

The developed information extraction method is able to extract numerical
measurement results from the echocardiogram reports, regardless of the lan-
guage of the document. The method was published only recently, so its appli-
cation has not been mentioned until now. Due to the set of tools used, however,
it is suitable for processing echocardiograms in any language, so I am confident
that its use can be implemented on a wider scale in the near future. However,
since the proposed method uses general text mining procedures, its application
is not necessarily limited to the processing of echocardiogram reports, but its
application in other areas is also conceivable.
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