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a  b s t  r a c  t

It  is  increasingly  common to have  medical information in electronic  format.  This  includes scientific articles

as well  as  clinical  management  reviews, and even records  from  health institutions  with  patient data.

However,  traditional  instruments,  both  individual  and institutional,  are  of little  use for  selecting  the

most appropriate  information  in each case,  either  in  the  clinical or  research  field. The so-called  text

or  data  “mining”  enables  this huge  amount  of information  to be managed, extracting  it  from  various

sources  using processing  systems  (filtration  and curation), integrating it and  permitting the  generation

of  new  knowledge.  This review aims  to  provide an  overview  of text  and  data  mining,  and  of the  potential

usefulness  of  this bioinformatic technique in the  exercise of care  in respiratory medicine  and  in research

in the  same field.

©  2013  SEPAR. Published by  Elsevier  España,  S.L. All rights  reserved.
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r e  s  u m  e  n

Cada vez es más habitual disponer  de  información  médica en  formato  electrónico. Esto incluye tanto

artículos  científicos  como revisiones  sobre el  manejo clínico  e incluso  registros  de  instituciones  san-

itarias  con  datos de pacientes.  Sin  embargo,  los instrumentos  tradicionales,  tanto  individuales  como

institucionales,  son  poco útiles  para seleccionar  la información  más apropiada  en  cada  caso,  sea en  el

ámbito  clínico o en  el  de la investigación.  La llamada  «minería»  de  textos o de  datos  permite gestionar

esa gran cantidad  de  información,  extrayéndola  de  fuentes  diversas mediante  sistemas  de  procesamiento

(filtrado y curado),  integrándola  y  permitiendo la generación  de  nuevo  conocimiento.  La presente  revisión

pretende  proporcionar  una idea  general  sobre la minería  de  textos  y datos, así como  sobre la ayuda  que

esta  técnica  bioinformática  puede  suponer  para el  ejercicio  asistencial  de la  medicina  respiratoria  y para

la investigación  en  ese  mismo  campo.

© 2013  SEPAR.  Publicado por Elsevier  España, S.L. Todos los derechos  reservados.

Introduction

The high financial and social burden of the most common

respiratory diseases [bronchial asthma, chronic obstructive lung

disease (COPD), infections and lung cancer] represents a  great
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challenge to health and healthcare services.1–7 Advances in infor-

mation technology mean that enormous amounts of health-related

data can now be accessed and analyzed. It  is  common for

patient notes to  be recorded in electronic format in  both hos-

pitals and primary care centers. This includes not  only personal

data, but  also diagnoses, severity, laboratory test results, func-

tion tests and medication, and details on the patient’s contacts

with the healthcare system. There are  three important advan-

tages in  recording this large amount of data in digital format:

(i) quality is improved, (ii) the time healthcare workers spend

on unproductive tasks is  reduced, and (iii) the data can be used

in automatic systems, such as “text mining” or “data mining”.8,9
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Strictly speaking, the difference between text and data min-

ing is that in the first, information is  obtained from free text

formats, while in  the second, it is obtained from databases.

One example of the pioneer use of clinical data on an insti-

tutional level is the MedLEE platform,10 an automatic system

that allowed relevant information to be drawn from clinical case

reports.

Other highly important areas that can benefit from computer-

based tools are professional training and research. It is difficult

for the medical professional in these fields to  manage and sort

the vast amount of information available from numerous sources.

Indeed, numerous publications in  both the classic paper format

and the electronic format have attempted to recompile the most

significant events in the publishing world on specific areas of

medical knowledge. The UpToDate series,11 for example, has pub-

lished some issues dedicated to respiratory medicine (Pulmonary,

Critical Care and Sleep Medicine,  and Allergy and Immunology,

respectively). The electronic mail alert systems aimed at pro-

fessionals with certain user profiles work in a similar way.

Text mining instruments are also used in these cases, allow-

ing greater depth in  the search, selection and processing of

data.

Systems Biology and Medicine

Systems biology has been defined as the science of the sys-

tematic study of interactions in biological processes. When talking

specifically of human diseases, the expression used is  Systems

Medicine, although this term also has other meanings. For advances

to be made in Systems Biology and Medicine, connections must

be made between the bodies of knowledge available in the differ-

ent scientific fields.12 This way, new properties and hypotheses

that could not be identified by the traditional approaches may

come to light. The instruments that facilitate this interdisciplinary

task are to a large extent the product of the information tech-

nologies that enable the processing of large amounts of diverse

data, thereby generating new knowledge and information. Sys-

tems Biology and Medicine methods can be  used to establish

mathematical models of disease that integrate structural and phys-

iopathological knowledge in  their different levels of complexity.13

The aim of this approach is  not only to achieve a  greater under-

standing of nosological processes, but also to  possibly simulate

body systems for generating new diagnostic and therapeutic

approaches.

Various instruments are used in Systems Biology and Medicine.

One of these, and the main focus of this review, is  text mining.

Text mining can be defined as a set of information technolo-

gies for detecting, extracting and interpreting, automatically (or

semiautomatically), digital information that is  basically in text

format. In addition, there are the above-mentioned mathemat-

ical models of biological or nosological processes. To produce

these models, instruments and procedures must be used that

can adequately process the large amounts of data obtained both

from advanced biological analytical techniques and from large

clinical and/or epidemiological studies. Among the biomedical

disciplines and techniques associated with Systems Biology and

Medicine are genomics (study of the genes), transcriptomics (study

of transcriptomes), proteomics (structure and function of pro-

teins), interactomics (molecular interactions and consequences),

metabolomics (molecular signals left by biological processes) and

metagenomics (sets of genomes occurring together in  an envi-

ronment); in other words, the disciplines popularly known as

the “omics”. In  the area of medicine and epidemiology, there

are several examples of these techniques being used in  relation

with the respiratory tract. Some of the most recent were the

papers published by Garcia-Aymerich et al.14 and Burgel et al.15

on COPD phenotyping, obtained from a  cluster analysis of all

kinds of data obtained from real patients. Yet another facet of

Systems Biology and Medicine, also related with the “omics”,

is  the analysis of results generated by techniques such as the

microarrays or chips used for the simultaneous and respective

analysis of the differential expression of large series of DNA and

protein. These techniques have already been widely used in respi-

ratory disease research. Thus, Steiling et al.16 and Pierrou et al.17

demonstrated the effects of smoking on the expression of  multi-

ple genes associated with cell damage and oxidative stress in  the

bronchial epithelium. Some studies, refining the complexity even

further, combine genetic data with clinical and epidemiological

data.18

Text Mining

As already mentioned, text or data mining constitutes a set

of computerized techniques that allow the automatic processing

of digital information. Using these systems, information is pro-

cessed into a manageable format, and new knowledge is  also

generated. This instrument has been used for years in  other

biomedical fields, such as molecular biology or systems biology

itself, where it has contributed interesting results.9,19 Text min-

ing, in  its most simple form, is used by anyone who employs

tools such as PubMed20 on a  literature database such as MED-

LINE, selecting an area of interest from keywords or  certain

authors.21

After the relevant information has been obtained using text

mining techniques, the next step is “curation”. This phase can

be carried out in an automatic, semi-automatic or manual fash-

ion. In automatic curation, additional requirements can be added,

whether binary (information is selected or rejected according to

pre-established rules) or categorical [for example, specific weight

is  given to  the impact factor of a journal, the type of article,

the design or level of evidence of the study or the origin of the

data (humans, animal models, cell lines), etc.]. In manual curation,

an expert in  the subject matter cleans the data lists or  informa-

tion sources, according to his/her criteria. However, as discussed

below, all too often any biomedical scientist is considered an

expert, even if they are not a  specialist in  the area under inves-

tigation.

A  third important point is that once the information has been

selected, connections must be established between diverse data.

This process is  called integration and is essential for generating

new knowledge. It is obvious that the connection and integra-

tion of data obtained from different areas of expertise do not

often emerge spontaneously using the traditional methods. Accord-

ingly, automatic methods that select and put potentially significant

information at the disposal of the professional are  necessary,

regardless of the area of knowledge in  which it has been gener-

ated.

In  the sections below, more details on how text or data mining

can be used in the different areas of medicine will be  discussed,

including how significant findings in the more basic research can

be translated to the clinical management, diagnostics and severity

classification, and prognosis of some of the most common respira-

tory diseases.

Historical Contextualization

Although the need for the automatic processing of  large

amounts of information is relatively new, the technology on which

the current text mining techniques are based has been around for

some time. Indeed, half a  century ago, similar techniques were

already being used for discourse analysis22 and linguistic structure
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The posttranslational oxidative altera-ons of the muscle

proteins may negatively influence their function

A. Information recovery B. Information extraction

1. Conversion to more simple structures

It is demonstrated for the first time that CS

exerts a orcemild but significant reduction in

quadriceps muscle force

3. Interpretation of semantic associations

2. Detection of biological entities

Positive

association

C.Interpretation of the information

Hypothesis A Hypothesis B

Hypothesis C

Guinea pigs chronically exposed to CS

developed increased oxidateive stress

Guinea pigs chronically exposed to CS  developed increased 

oxidative stress

Fig. 1. General schematic of the methods used in text and data mining: (A) information recovery, (B) information extraction, (C) interpretation of the information (the

integration of various previously corroborated hypotheses can produce a  new combined hypothesis). The  three steps required for extracting information are shown in panel

B:  (1) breakdown of the information into basic units (e.g. sentences), (2) identification of biological entities, and (3) interpretation of the relationships between biological

entities.

studies.23 In medicine, some of the pioneer works were car-

ried out by Swanson,24,25 who established relationships between

apparently unconnected phenomena, such as migraine and

magnesium deficiency, from the titles of articles obtained from

the MEDLINE data base.25 These connections were validated years

later in experimental studies.26 Using similar methodology, Srini-

vasan and Libbus27 and Weeber et al.28 uncovered the potential

beneficial effect of curcumin and thalidomide in  patients with

Crohn’s disease. These types of search are now widely used in

medicine and in biology9 for establishing associations between, for

example, genes (or proteins) and diseases,29–32 or for evaluating

interactions between various proteins.33,34 An interesting instru-

ment for this purpose is  DisGeNET, designed to relate information

derived from the various “omics” with data generated on differ-

ent diseases.31,32 As for respiratory diseases, as discussed below,

these techniques and instruments are being used intensively in

the study of various aspects of COPD, bronchial asthma and lung

cancer.

General Aspects of Text Mining

The purpose of text and data mining is, by definition, to  recover,

extract and interpret information stored in  electronic format in

large documentation archives and databases, using automatic or

semiautomatic tools (Fig. 1).9

Information recovery consists of identifying documents that

contain data on the question of interest; for example: “Which

biomarkers have been involved or are potentially involved in

the diagnosis of COPD?” Currently, locating the information

is  not a problem, since there is  an endless source of data

accessible in electronic format, whether original (journals, text

books, websites) or already recompiled in  databases. One example

of a  database source is  MEDLINE, accessible through the PubMed

information recovery system.20 Some more specific systems are

available, such as Textpresso35,36 or HLungDB,37,38 a  lung cancer

database that pools information on implicated genes and pro-

teins.

The aim of the second step, information extraction,  consists

of identifying the relevant part of the information from all the

recovered data. In  essence, three stages are required (Fig.  1B): (1)

processing, with the conversion of complex texts into simple struc-

tures (e.g. words or short sentences) that can be interpreted by

the computer systems, (2) firm identification (standardized) of  the

clinical entities or biological processes referred to in  the docu-

ments, and (3) interpretation of the semantic relationships between

diverse structures or  entities. For  extracting information, systems

based on artificial intelligence algorithms,39 statistical methods40

or mixed systems (e.g. GENIA Tagger41,42 or Standford Log-Linear

Part-of-Speech Tagger43,44)  are generally used.

A problem inherent to the identification and interpretation

phases is that the automatic mechanisms that allow filtration of

the available knowledge do not have enough discretional criteria.

Add to this the fact that, in  general, the teams of profession-

als who design these instruments lack experts in  the specific

search subjects. The gap between the latter and the bioinformat-

ics  specialists is even greater in  the case of medicine than for

biology, and has been identified as the principal problem in  the

design of filtration and curation instruments. This is  a problem

inherent to the current pattern of fragmenting science into disci-

plines, and only becomes more accentuated as knowledge becomes
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progressively more segmented within each specialty. Thus, it is

essential to include clinical professionals in  multidisciplinary work-

ing teams.45

An additional problem is that the results of the studies are

not axioms, but are frequently treated as such by  professionals

trained in more exact sciences than medicine. It is  also impor-

tant to remember that  although text mining is not a  totally new

technology, and its results are  promising, there is  still room for

improvement. For example, on a technological level, there is  a  prob-

lem inherent to biomedical language that is  the lexical and semantic

variability among the different disciplines. Although this problem

can be approached with some success with artificial intelligence

algorithms or statistical methods, it has not been fully resolved.

Another aspect to take into consideration, primarily in  the use of

text mining in medicine, is  that the conclusions can end up hav-

ing consequences for patients, so it is  important that  they are  fully

corroborated.

The final step is the interpretation of results. This is aimed

at integrating the information obtained in the previous steps,

ultimately to obtain associations between disease entities or  bio-

logical or clinical phenomena that were initially undetectable using

conventional methods. Returning to the Swanson study,25 the inte-

gration of individually verified hypotheses brought to light a  new

hypothesis, linking magnesium deficiency with migraine. By way

of example, Fig. 2 is a  schematic of the associations between an

entity (COPD) and its comorbidities. These types of images help in

the simultaneous interpretation of diverse information obtained

with data mining, leading to  the generation of new hypothe-

ses.

Computer Mining in the Respiratory Disease Field

As mentioned above, the high production and availability of data

in the area of medical and more basic biological sciences make it

an appropriate space for the use of text mining. In the specific field

of respiratory diseases, numerous studies making use of this tech-

nique have appeared in recent years, covering the various stages

from the most basic knowledge to applied medicine.

- Knowledge in basic sciences

In fields such as molecular biology or physiology, text mining

is bringing about a transition from the classic deductive scien-

tific model, in which a  hypothesis is tested experimentally, to

a model based on the “blind” search for associations between

apparently unconnected facts that can later be  experimentally

validated.46,47 For this approach, the development of specialized

platforms is desirable. Thus, we  have combined databases, such

as the above-mentioned HLungDB,37,38 that have integrated infor-

mation on genes, proteins, epigenetic modifications and clinical

characteristics, related in all cases with lung cancer. The main aim of

this platform is to establish a network of connections for molecules

associated with this disease entity, thus facilitating not only more

basic research but also integration with relatively distant areas,

such as clinical medicine or epidemiology. This is essential for dis-

eases such as lung cancer that involve complex alterations and

multifactorial causes. In this way, previously unexplored research

pathways can be developed and new therapeutic alternatives can

be suggested. There are also numerous examples of the use of text

mining in the basic aspects of COPD. Comandini et al.48 used data on

genetic and protein expression in  non-smokers, smokers without

lung disease and smokers with COPD, to  identify tobacco-induced

effects. Their results suggest that certain genes with antioxidant

activity are over-expressed in  the presence of tobacco smoke in

some individuals, and this may  play a  significant role in protecting

tissue from oxidative stress. These genes or the products of these

genes may  be used as negative biomarkers for the risk of developing

COPD. In  a  very recent study by our group,49 text mining was  used

to  study the comorbidities of this same entity and the mechanisms

that might be involved. This threw up a surprising amount of data

for some of the associations (such as COPD with ischemic heart dis-

ease or lung cancer) and a scarcity of data in the literature for others

(as is  the case for COPD and nutritional changes or pulmonary

hypertension). Some interesting work has also been published in

the area of bronchial asthma. For example, Su et al.50 investigated

how various genes interrelated among themselves and with the

environment in childhood asthma, and concluded that some genes

determine the susceptibility of the carrier for developing childhood

asthma. In another study, Tremblay et al.51 developed a methodol-

ogy (Genes to  Diseases, G2D) based on text mining for identifying

genes that  were possibly involved in the development of asthma

and atopy. Something similar is  occurring with pneumonia and

adult respiratory distress syndrome (ARDS). By analyzing multiple

markers in  bronchoalveolar lavage samples of ARDS patients, Fren-

zel et al.52 showed that elevated interleukin-6 had great prognostic

value.

It is  clear then that the automatic analysis of knowledge

from various basic sciences can shed new light on respiratory

diseases.

- Diagnosis and clinical management of the respiratory patient

It  is crucial in  any disease to  establish a definitive diagnosis

and to  classify severity. However, this is not always an easy task,

particularly if the diagnosis requires the deployment of complex

techniques or if special training is  required. This is  the case in COPD,

where patient collaboration and a  satisfactory forced spirometry

procedure are essential. At the present time, according to some ini-

tiatives such as the Global Initiative for Chronic Obstructive Lung

Disease (GOLD),53 the number of recent hospital admissions and

the grade of dyspnea must also be determined. The adequacy of

a certain spirometric maneuver can be  verified by automatic data

analysis, while a  complete diagnosis based on other variables is

obtained. Matsumoto et al.54 used data mining on the electronic

records of some 27,000 patients to show that airway obstruction

detectable by spirometric values had not  been diagnosed in up to

86% of cases. These are  some examples of the application of data

mining that, moreover, allow diagnostic alerts to be  flagged in clin-

ical charts, preventing significant findings from going unnoticed

by health professionals. Furthermore, as we have seen, the auto-

matic analysis of data allows new associations between variables to

be established, generating hypotheses that can lead to alternative

or complementary diagnostic systems. With regard to lung can-

cer, there are several critical steps in  the detection and subsequent

stratification of this disease. One of these is the evaluation of lymph

node involvement that is initially carried out using imaging tech-

niques, namely, computed axial tomography (CAT) and positron

emission tomography (PET) scans, and confirmed or ruled out from

tissue samples obtained by endobronchial ultrasound or medi-

astinoscopy. Lu et al.55 proposed a  new automatic method for the

initial orientation of lymph node involvement. This  is also based on

CAT data, but data mining is then used to  compare the findings with

the anatomical registries of lymph nodes from already diagnosed

patients.

One phase in the diagnostic process that is complementary

to the identification of the disease is establishing prognosis. This

generally involves categorizing disease severity or extent. It is

equally important at this stage in  the process to  have good

classification methods, since this will frequently determine the

treatment offered. Automatic lung cancer staging systems that

use clinical and histological data recorded in diverse reports

from one or several institutions have been developed in  recent

years.56,57 For  lung or combined heart–lung transplantation,
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Fig. 2. Schematic of the relationships between a primary entity (center) and several potential comorbidities (boxes around the edge). The thickness of the lines

represents the amount of information available in  each case, after automatic curation of the selected data. Their significance has been arranged in a  clockwise

order  of relevance. Comorbidities in the  same body system are shown with the same color in the background of the box and with a corresponding identification

letter.

an accurate prediction of survival is essential, not  only for a

specific patient, but also for the selection of donors and recipients.

A vast amount of information is  currently available on transplan-

tations (procedures, patient monitoring, etc.) and this has been

used along with classic statistical methods to make morbidity and

survival predictions for different organs, including lungs.58 More

recently, data mining has also been used,59 since it has several

advantages over the classic statistical methods. For example, it

is not limited by  the number of observations, nor  does it need

observer independence, as would occur in a  specific study.

One area in which data mining has been particularly fertile

is in the care of semicritical and critical respiratory patients.

Over the last decades, the units caring for these patients have

set  up data collection systems, and as a  direct consequence, two

major applications based on text mining have been developed.

One is the generation of short- and mid-term predictive models

that allow the creation of intelligent alerts and decision-making

systems. Among the numerous studies in critical patients, of par-

ticular importance is that of Tzavaras et al.,60 who  used data

mining and neural networks to develop a  clinical decision support

model, based on the identification of key physiological variables

for  determining when mechanical ventilation should be initi-

ated.

Another application is the development of long-term models,

mainly used as methods for evaluating the quality of the teams

and institutions involved in the care of the critical respiratory

patient.61–63 Some of these applications have been subsequently

extended to conventional hospital units, such as pulmonology

and thoracic surgery wards. Traditionally, these instruments were

constructed using only demographic and administrative data to

determine survival rates, mortality, etc. However, more recently,

archived physiological and clinical data have been used to gen-

erate data mining-based models. There are several studies, such

as those of Bohensky et al.62 or Kim et al.63 that show that these

models are superior to the classical methods in  the prediction of

survival.

Clinical pathways are the records of the procedures performed on

specific patients during their hospital stay. Studies using automatic

analysis methods have also been published in this field.64,65 Clin-

ical pathways are a  basic tool in healthcare quality management

and they have been shown to  reduce variability in  clinical practice.

Other advantages include decision-making support for the clini-

cian and optimization of resources, generating savings in  time and

costs.

Conclusions

A huge amount of scientific and medical information is now

available. However, there is an inherent problem in such a  vol-

ume  of data: selective recovery and interpretation are  practically

impossible for a  professional using classical methods. In this set-

ting, the use of bioinformatics tools such as text or data mining

acquires fundamental relevance. These tools, which already play

a significant role in other areas of biomedical knowledge, have

recently begun to  be  used in respiratory medicine. The most obvi-

ous areas for the medical application of text mining (both in

research and in  the clinic) are the integration and transfer of

advances made in the most basic sciences, and a better under-

standing of the diagnostic processes, severity classifications and

determination of disease prognosis. Text mining may  also be use-

ful for generating predictive outcomes models, creating intelligent

alert systems and supporting the clinician in  the decision-making

process.

Conflict of Interest

The authors declare no conflict of interest.

Acknowledgements

The authors thank Dr Ferran Sanz and Dr Laura Furlong of the

Research in Informatics Program (GRIB, IMIM – UPF), for their guid-

ance and advice in  the writing of this manuscript.



118 D. Piedra et al. /  Arch Bronconeumol. 2014;50(3):113–119

References

1. World Health Organization. WHO  global report: preventing chronic diseases:
a vital investment. Geneva: World Health Organization; 2005. Available from
http://www.who.int/chp/chronic disease report/en [accessed March 2013].

2. Mathers CD, Loncar D. Projections of global mortality and burden of disease from
2002  to 2030. PLoS Med. 2006;3:e442.

3. Rosenbaum L, Lamas D. Facing a  slow-motion disaster—the UN meeting on  non-
communicable diseases. N Engl J  Med. 2011;365:2345–8.

4. Buist AS, McBurnie MA, Vollmer WM,  Gillespie S,  Burney P, Man-
nino  DM,  et al. International variation in the prevalence of COPD (the
BOLD Study): a population-based prevalence study. Lancet. 2007;370:
741–50.

5. Mannino DM,  Buist AS. Global burden of COPD: risk factors, prevalence, and
future trends. Lancet. 2007;370:765–73.

6. Instituto Nacional de Estadística. Available from  http://www.ine.es [accessed
March 2013].

7.  Divo M, Cote C, de Torres JP, Casanova C,  Marin JM,  Pinto-Plata V, et al.  Comor-
bidities and risk of mortality in patients with chronic obstructive pulmonary
disease. Am J Respir Crit Care Med. 2012;186:155–61.

8. Meyfroidt G, Güiza F, Ramon J, Bruynooghe M.  Machine learning tech-
niques to examine large patient databases. Best Pract Res Clin Anaesthesiol.
2009;23:127–43.

9. Krallinger M, Erhardt RA, Valencia A.  Text-mining approaches in
molecular biology and biomedicine. Drug Discov Today. 2005;10:
439–45.

10. Friedman C. A broad-coverage natural language processing system. Proc Amia
Symp. 2000:270–4.

11. UpToDate. Available from http://www.uptodate.com [accessed March 2013].
12.  Noble D. The music of life: biology beyond the genome. Oxford: Oxford Univer-

sity Press; 2006, ISBN 978-0199295739. p. 21.
13. Sobradillo P, Pozo F, Agustí A. P4 medicine: the future around the corner. Arch

Bronconeumol. 2011;47:35–40.
14. Garcia-Aymerich J, Gómez FP, Benet M,  Farrero E, Basagaña X, Gayete

A, et al. Identification and prospective validation of clinically relevant
chronic obstructive pulmonary disease (COPD) subtypes. Thorax. 2011;66:
430–7.

15. Burgel PR, Paillasseur JL, Peene B, Dusser D, Roche N, Coolen J, et al. Two  distinct
chronic obstructive pulmonary disease (COPD) phenotypes are  associated with
high risk of mortality. PLoS ONE.  2012;7:e51048.

16. Steiling K, van den Berge M,  Hijazi K,  Florido R, Campbell J, Liu G, et al. A dynamic
bronchial airway gene expression signature of COPD and lung function impair-
ment. Am J Respir Crit Care Med. 2013;187:933–42.

17. Pierrou S, Broberg P, O’Donnell RA, Pawłowski K, Virtala R, Lindqvist E, et  al.
Expression of genes involved in oxidative stress responses in airway epithelial
cells of smokers with chronic obstructive pulmonary disease. Am J  Respir Crit
Care Med. 2007;175:577–86.

18. Siedlinski M,  Tingley D, Lipman PJ, Cho MH,  Litonjua AA, Sparrow D,
et  al. Dissecting direct and indirect genetic effects on chronic obstruc-
tive pulmonary disease (COPD) susceptibility. Hum Genet. 2013;132:
431–41.

19. Ananiadou S, Kell DB, Tsujii J. Text mining and its  potential applications in
systems biology. Trends Biotechnol. 2006;24:571–9.

20. PubMed NCBI. Available from  http://www.ncbi.nlm.nih.gov/pubmed/ [accessed
March 2013].

21. De Granda-Orive JI, Alonso-Arroyo A, Villanueva Serrano SJ, Aleixandre-
Benavent R, González-Alcaide G,  García-Río F, et  al. Comparison between
two  five year periods (1998/2002 and 2003/2007) on the production, impact
and  co-authorship of publications on  tobacco and smoking by Spanish
authors using the Science Citation Index. Arch Bronconeumol. 2011;47:
25–34.

22. Harris Z. Discourse analysis. Language. 1952;28:18–23.
23. Harris Z. Co-occurrence and transformation in linguistic structure. Language.

1957;33:283–340.
24. Swanson DR. Fish oil, Raynaud’s syndrome, and undiscovered public knowledge.

Perspect Biol Med. 1986;30:7–18.
25. Swanson DR. Migraine and magnesium: eleven neglected connections. Perspect

Biol Med. 1988;31:526–57.
26. Ramadan NM, Halvorson H, Vande-Linde A, Levine SR, Helpern JA,

Welch KM.  Low brain magnesium in migraine. Headache. 1989;29:416–9,
590–3.

27. Srinivasan P, Libbus B. Mining MEDLINE for implicit links between dietary sub-
stances and diseases. Bioinformatics. 2004;20 Suppl. 1:i290–6.

28. Weeber M,  Vos R, Klein H, de Jong-van den Berg LT,  Aronson AR, Molema G.
Generating hypotheses by discovering implicit associations in the literature: a
case  report of a search for new potential therapeutic uses for thalidomide. J  Am
Med  Inform Assoc. 2003;10:252–9.

29. Korbel JO, Doerks T, Jensen LJ, Perez-Iratxeta C, Kaczanowski S, Hooper SD, et al.
Systematic association of genes to  phenotypes by genome and literature mining.
PLoS Biol. 2005;3:e134.

30. Chun HW,  Tsuruoka Y, Kim JD, Shiba R, Nagata N, Hishiki T, et al. Extraction of
gene–disease relations from Medline using domain dictionaries and machine
learning. Pac Symp Biocomput. 2006:4–15.

31. Bauer-Mehren A, Rautschka M,  Sanz F, Furlong LI. DisGeNET: a  Cytoscape plugin
to  visualize, integrate, search and analyze gene–disease networks. Bioinformat-
ics.  2010;26:2924–6.

32. DisGeNET. Available from http://ibi.imim.es/DisGeNET/web/v02/home/
[accessed March 2013].

33. Hao Y, Zhu X,  Huang M,  Li M.  Discovering patterns to  extract protein–protein
interactions from the literature: part II. Bioinformatics. 2005;21:
3294–300.

34. Marcotte EM, Xenarios I,  Eisenberg D. Mining literature for protein–protein
interactions. Bioinformatics. 2001;17:359–63.

35. Muller HM,  Kenny EE,  Sternberg PW.  Textpresso: an ontology-based informa-
tion retrieval and extraction system for biological literature. PLoS Biol. 2004;
2:e309.

36. Textpresso. Available from http://www.textpresso.org [accessed March 2013].
37. Wang L, Xiong Y, Sun Y, Fang Z, Li L, Ji H, et al. HLungDB: an inte-

grated database of human lung cancer research. Nucleic Acids  Res. 2010;38:
D659–65.

38. HLungDB. Available from http://www.megabionet.org/bio/hlung/ [accessed
March  2013].

39. Hatzivassiloglou V, Duboue PA, Rzhetsky A.  Disambiguating proteins, genes,
and  RNA in text: a machine learning approach. Bioinformatics. 2001;17 Suppl.
1:S97–106.

40. Okazaki N, Ananiadou S. Building an abbreviation dictionary using a term recog-
nition approach. Bioinformatics. 2006;22:3089–95.

41. Kim JD, Ohta T,  Tateisi Y, Tsujii J. GENIA corpus-semantically annotated corpus
for bio-textmining. Bioinformatics. 2003;19 Suppl. 1:i180–2.

42. GENIA Tagger. Available from http://www.nactem.ac.uk/tsujii/GENIA/tagger
[accessed March 2013].

43. Toutanova K,  Klein D, Manning CD, Singer Y. Feature-rich part-of-speech tag-
ging  with a cyclic dependency network. In: Proceedings of HLT-NAACL. 2003. p.
252–9.

44. Standford Log-Linear Part-of-Speech Tagger. Available from http://nlp.
stanford.edu/software/tagger.shtml [accessed March 2013].

45. Cases M, Furlong LI, Albanell J,  Altman RB, Bellazzi R, Boyer S, et al. How to
improve data and knowledge management to better integrate healthcare and
research. J  Intern Med. 2013;274:321–8.

46. Brent R, Lok L.  Cell biology. A fishing buddy for hypothesis generators. Science.
2005;308:504–6.

47. Kell DB, Oliver SG.  Here is  the evidence, now what is  the hypothesis? The  comple-
mentary roles of inductive and hypothesis-driven science in the post-genomic
era.  Bioessays. 2004;26:99–105.

48. Comandini A, Marzano V, Curradi G, Federici G, Urbani A, Saltini C. Markers
of  anti-oxidant response in tobacco smoke exposed subjects: a  data-mining
review. Pulm Pharmacol Ther. 2010;23:482–92.

49. Grosdidier S, Ferrer A, Faner R, Gea J, Piñero J, Roca J. Exploring the
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