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ABSTRACT 
 
The advances in digital data collection and storage technology allows the storage of a huge 

amount of medical publications in MEDLINE. This database contains more than 25 million 

references to journal articles and abstracts in life sciences and biomedicine. This research work 

builds on Swanson use of mathematical association between A and C concepts/terms through a 

list of B concept/terms retrieved from large medical literature databases that contain either 

A&B or B&C terms links A to C. Swanson discovered evidence that fish oil (A) may cure vessel 

blood disorder (C) and that magnesium (A) may be effective against migraine headache (C), 

which were clinically proven two years later. We present a cooccurrence mining algorithm and 

an A&C pre-defined domain Knowledge Base (containing for instance Garlic Composition and 

Blood pressure causes) to filter and reduce the exponential number of shared B terms retrieved 
from MEDLINE articles using Swanson’s Arrowsmith machine. The reduced number of relevant 

B terms makes it easier to build scientific evidence to validate publicly known remedies for 

recurrent diseases for instance establishing whether an important association exists between 

garlic and its impact on blood pressure.   
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1. INTRODUCTION 
 

During the eighties, Swanson [1] developed a new bibliographic-based approach that associates 

medical literature and articles from MEDLINE database for creating new scientific knowledge. 
Based on the mathematical associative relationship, he stated that if one publication states a 

relationship between two phenomena A and B while another publication reports on the 

relationship between B and C phenomena a number B1, B2, B3...Bn term connections can be made, 

and new scientific knowledge could be generated. In a decade, he identified seven examples of 
complementary non interactive structures in the biomedical literature. Figure 1 shows three A to 

C linkages: Blood viscosity (B1), Platelet Aggregation (B2), and Vascular Reactivity (B3). The 

inference that fish oil may benefit Reynaud’s disease was clinically proven two years later [2] In 
a similar way, he discovered several associative relationships like magnesium deficiency and the 

occurrence of migraine, which was also clinically validated [3]. These scientific knowledge 

discoveries are generated using Arrowsmith computer-aided tool [4]  
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Figure 1. Diagram representing Swanson’s first discovery: Fish oil cures Reynaud’s diseases [5] 

 

The potential of Swanson’s research has been widely acknowledged by the scientific community, 

but likewise, its complexity concerns the vast information space and the possible exponential 
number of Bi connections given that MEDLINE contains more than twenty-five million medical 

articles. In addition to this complexity is that most information is represented in natural language, 

and this requires advanced natural language processing. For these reasons, it took Swanson ten 
years to discover seven natural cures to recurrent diseases.  

 

This research aimed at enhancing Swanson’s research work, particularly enhancing the 

Arrowsmith tool with advanced Text Mining techniques such as the co-occurrence Text Mining 
approach [6, 7] and proper Knowledge Base regarding the components of the dietary aliment and 

the sources of disease to undertake further bibliographic-based medical discoveries. These will be 

saved in a medical knowledge repository consisting of three entries the remedy/medicine, the 
disease, and scientific evidence that validate or refute the link between remedies and a given 

disease. Such a knowledge repository will motivate the medical research community to further 

investigate the clinical validity of the Text Mining induced findings of links between diseases and 
their cures.  

 

The paper is organized as follows Section 2 gives the literature review on Text Mining and 

knowledge discovery in biomedical literature. Section 3 presents the process of knowledge 
discovery through co-occurrence Text Mining and domain Knowledge Base, and its 

implementation on a specific case of “Garlic” and its impact on “Blood Pressure”. The last two 

sections are devoted to the conclusion and references.    
 

2. LITERATURE REVIEW 
 

In the last two decades, the advances in digital data collection devices and data storage 

technology allowed the storage of huge amounts of academic publications e.g., MEDLINE which 

contains more than 25 million references to medical journal articles in life sciences with a 
concentration on biomedicine abstracts (https://www.nlm.nih.gov/pubs/factsheets/medline.html). 

Underneath these empirical data are great opportunities for knowledge discovery using artificial 

intelligence and machine learning particularly Data Mining and Knowledge Discovery (DMKD). 
DMKD utilizes methods, algorithms, and techniques from a variety of disciplines to extract 

useful information, emerged during the 1990s, and grew rapidly, and in 2007, there were 17 data 

mining conferences [10].   

 
This research work initiated the use of Text Mining approach of knowledge repository to mine 

the empirical literature in MEDLINE database to build scientific evidence that consolidates 

https://www.nlm.nih.gov/pubs/factsheets/medline.html
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publicly known (but not clinically proven) remedies for given diseases e.g., building scientific 
evidence that for instance garlic reduces the blood pressure. 

 

Text Mining in biomedical literature has grown in the past few years to be a major tool for 

bioinformatics. For many applications, numerous methods have been developed. To contribute to 
this still-growing field, it is important to systemize the methods that are already in use. Usually, 

the Text Mining approach is based on natural language processing, mathematical and statistical 

backgrounds, it can be a strategic source of evidence for literature-based of discoveries in 
biomedical sciences. For this reason, researchers and practitioners from various fields are using 

Text Mining.  

 
Three types of Text Mining approaches are used for new knowledge discovery in the biomedical 

domain: rule-based or knowledge-based approaches, statistical or machine-learning based 

approaches, and co-occurrence-based approaches [8]. The most famous work on theory-

toresearch using the basic associative relationship as an evidence tool is the research work 
undertaken by Dr. Swanson [1] who has generated scientific evidence for several literature-based 

hypotheses that have been corroborated experimentally and clinically. He used an associative 

relationship between two concepts A and C to retrieve articles that contain the third set of 
concepts B1, B2, B3...Bn that connect A and C concepts. The major limitation of Swanson 

approach is that the number of Bi connectors could grow exponentially as the number of articles 

retrieved from MEDLINE could be millions which will complicate or even make impossible the 
generation of scientific evidence. Another research work reported by Hui [8] uses the rule-based 

approach of Text Mining to automatically identify the status of obesity and related co-morbidities 

based on the patient’s clinical discharge summaries. Some of the authors of this paper have 

undertaken several research works combining Text Mining term co-occurrence and statistical 
techniques approach to mine social networks and the holy Quran for developing knowledge 

repository for diabetes and Islamic financial business processes respectively [6,7]. 

 
Building on Swanson’s successful research work and tackling the limitations of Swanson’s basic 

associative relationship approach and being able to deal with millions of retrieved articles, this 

research aims at enhancing this research area through the development and implementation of 

Text Mining approach that combines term co-occurrence and domain Knowledge Base to filter 
relevant Bi terms retrieved from articles in MEDLINE. This new Text Mining approach will 

reduce the number of Bi to those semantically relevant to the analysis making it easier to generate 

scientific evidence for publicly known disease remedies and help in producing more relevant and 
coherent outcomes.   

 

3. KNOWLEDGE DISCOVERY PROCESS AND IMPLEMENTATION 
 

This research falls within theory-building methodology as it aims at building scientific evidence 

(theory) that links natural or chemicals existing in a dietary ailment that could be a remedy to a 
recurrent disease using Text Mining techniques and domain Knowledge Base to mine MEDLINE 

database. Data Mining and knowledge discovery support the two common strategies of theory 

building or scientific knowledge discovery [10] either by validating an existing theory known as a 
theory-to-research strategy or by developing a new theory known as a research-to-theory strategy. 

Text Mining supports the two strategies common to theory building. The first is of a research-to-

theory strategy, whereas the second is of a theory-to-research strategy [11]. The research work 
fits well with the research-to-theory strategy which aims at deriving the laws of nature from a 

careful examination of all the available data which in this case is the 25 million medical articles 

contained in the MEDLINE dataset. As described by Reynold [11], the essences of this research-

to-theory strategy are as follows:  
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1. Select a phenomenon and list all the characteristics of the phenomenon. The phenomenon is 
to identify all possible links between remedy-disease pairs giving a detailed list of their 

characteristics and the level of impact of remedy on the diseases.   

2. Measure all the characteristics of the phenomenon in a variety of situations which means 

investigating the effect of the remedy on different persons e.g., female, male, old, and young 
person.   

3. Analyze the resulting data carefully and determine any systematic patterns among the data 

“worthy” of further attention. This is the core of this research as it enhanced Swanson 
associative tool [4] with the advanced co-occurrence text mining tool [5,6] to semantically 

filter retrieved Bi concepts that have a medical relationship to both A and C.    

4. Identify significant patterns during the process of mining the MEDLINE database, to 
formalize the discovered patterns as theoretical statements or scientific evidence that validate 

the hypothesis linking remedy-disease.  

 

3.1. The Co-occurrence Algorithm and Domain Knowledge Base 

 
First, we developed a Knowledge Base on the components of Dietary aliment for instance “The 

major bioactive compounds of garlic are its organosulfur compounds, such as diallyl 

thiosulfonate (allicin), diallyl sulfide (DAS), diallyl disulfide (DADS), diallyl trisulfide (DATS), 
E/Z-ajoene, S-allyl-cysteine (SAC), and S-allyl-cysteine sulfoxide (alliin)” [6] In addition to 

statements on the impact of garlic on blood pressure for instance: “Kyolic garlic has also shown 

promise in improving cardiovascular health by reducing arterial stiffness, elevated cholesterol 

levels and blood ‘stickiness’ [8]. In addition, the prebiotic properties of garlic increase in 
increasing gut microbial richness and diversity” [9]  

 

Once the Knowledge Base on known pairs of cure-disease was identified, we used R 
programming language to build a corpus of retrieved Bi terms to undertake the usual Text Mining 

process of eliminating stop words, and undertaking stemming and Part-of-Speech (PoS) Tagging 

to tag words according to the grammatical context of the word, hence dividing up the words into 
nouns, verbs, etc. This was important for the exact analysis of relations between words in the Bi 

list of terms itself and in relation to the domain Knowledge Base. In the same way, we produced 

Bi terms, and used a co-occurrence algorithm to filter Bi shared by “Garlic” and “Blood pressure” 

Knowledge Base as follow: 
 

1. Prepare the resulting Bi list of terms by eliminating stop words, stemming, and tagging 

special biomedical words,  
2. Use co-occurrence algorithm to match terms in the Bi list of terms with the A 

(KB_Garlic) and C (KB_BloodPressure) Knowledge Base  

3. Use the result of co-occurrence mining process to produce an ordered list of A 
components (shared by KB_Garlic and KB_BloodPressure) that could be used as 

evidence of links between “Garlic” and “Blood pressure”  

 

3.2. The Implementation of the Knowledge Discovery Process  
 

The knowledge discovery process was used to find whether the dietary aliment “Garlic” may help 

in reducing “Blood pressure”. First, we used the Arrowsmith tool to extract from the MEDLINE 
bio-medical database all medical articles and abstracts that contained the term “Garlic” (Figure 

2).  
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Figure 2. A - Literature Retrieval 

 

Figure 2 shows that 7,103 bio-medical papers and abstracts were retrieved that contained the term 

“Garlic”. The same process was used to retrieve from the literature containing the C term i.e., 

“Blood pressure” (Figure 3).  
 

 
 

Figure 3. C - Literature Retrieval 

 

Figure 3 shows that 25,000 bio-medical papers and abstracts were found that contained the term 

“Blood pressure”. Next, we undertook the process of extracting B lists of terms that are shared by 
both A-Literature and C-Literature lists giving the results as shown in Figure 4.  
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Figure 4. The retrieved B list of terms shared by A-Literature and C-Literature Lists  

 

Figure 4 retrieved the huge number of 7,185 Bi terms and for this reason, there was a need to 

develop semantic filters to be able to build the evidence that “Garlic” reduces “Blood pressure”.  

 
For this reason, after preparing the B list of terms the third step was to implement the 

cooccurrence algorithm using Python programming language as shown in Figure 5.  
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Figure 5. The co-occurrence Python code for filtering B List of terms  

 

Figure 6 shows the filtered list of B terms that resulted from the co-occurrence Python code 

(Figure 5). The filtering process retrieved terms that occurred simultaneously in B terms lists, 
“Garlic” Knowledge Base, and “Blood pressure” Knowledge Base (Figure 6).  

 
 

Figure 6. Filtered List of B terms 

 

Finally, after further analysis we found that the term “angiotensin” (Figure 7) could be used as 
part of the evidence that garlic could reduce the impact of blood pressure as it fits with the 

following statement:” Blood pressure reducing properties of garlic have been linked to its 

hydrogen sulphide production [4,5] and allicin content – liberated from alliin and the enzyme 
alliinase [6,10] – which has angiotensin II inhibiting and vasodilating effects (the dilatation of 

blood vessels, which decreases blood pressure), as shown in animal and human”. Other terms 

like enzymes, hydrogen, and blood could be further analyzed to further consolidate the evidence.  
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Figure 7. the coccurence ofd the the530th term “angiotensen” in the original B terms 

 

4. CONCLUSIONS AND DISCUSSION 
 
This research aimed at building scientific evidence that linked natural or chemicals existing in a 

dietary ailment that could be a remedy to a recurrent disease using Text Mining techniques and 

domain Knowledge Base to mine MEDLINE database knowledge discovery as a research-to 
theory strategy. It was successfully able to discover and establish an important association on the 

specific case of “Garlic” and its impact on “Blood pressure”. The results of this research work 

will be added to the results of other experimental studies to ascertain the efficacy of garlic in 

reducing blood pressure. As this research project is ongoing, we will be investigating other 
important associations reported by practicing leading physicians in the region.  

 

Non-pharmacological treatment options for blood pressure or hypertension have the potential to 
reduce the risk of cardiovascular diseases at a population level. A systematic study on the impact 

of garlic on blood pressure was undertaken [15] and concurs with the results of our study on 

mining biomedical literature. They undertook a systematic clinical study on animals and found 
evidence that garlic reduced blood pressure. [15] Also primary studies were conducted in humans 

and in a meta-analysis of 12 studies in subjects with uncontrolled hypertension, garlic was found 

to be effective in reducing the blood pressure. [16] The results stated that garlic lowers blood 

pressure in hypertensive subjects, improved arterial stiffness and gut microbiota. [16] However, 
as the number of subjects per trial was too small this warrants further research to be able to 

ascertain a causal inference between the positive effect of garlic in reducing blood pressure. 

Randomized controlled clinical trials with adequate sample size in subjects with elevated blood 
pressure is the gold standard to test the efficacy of this new therapy of the use of garlic in 

lowering the patients’ blood pressure. However, conducting a large randomized controlled 

clinical trial is extremely costly and time-consuming. For this reason, using Swanson’s 

Arrowsmith machine will be a first step to find associations as it is quick and an inexpensive tool 
where data mining and knowledge discovery can be used to seek any possible connections 

between garlic and lowering the blood pressure. Furthermore, as interest in complementary 

medicine for blood pressure is increasing, we conducted this approach of mining biomedical 
literature to find in the B list the term “angiotensin” shared by “Garlic” literature and by “Blood 

pressure”. In the literature garlic is a natural angiotensin converting enzyme inhibitor which has  

an effect on reducing blood pressure.   [17] To consolidate our findings, we also ran the mining 
process on some of a couple of cure-disease discovered by Swanson like for instance Fish oil (A) 
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and Blood viscosity (C), Magnesium Deficiency (A), Migraine headache (C), and we reached at 
the same conclusion as reported in the paper [10]. The findings of our literature-based mining on 

the impact of garlic on blood pressure can be validated only with further research such as in 

double blind controlled clinical trials which is the golden standard to prove a causal association.  
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