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REVIEW

Taking the Next Step in Biobanking Research Infrastructures: A 
Narrative Overview 

Anthony Larsson

Abstract
BioBanking and Molecular Resource Infrastructure 
in Sweden (BBMRI.se) was set up in 2009 in order to 
harmonise the standards and processes of biobanking. The 
present study is a qualitative narrative overview aimed at 
evaluating published studies on medical and/or biobank 
research infrastructure. Web of Science (WOS) and 
PubMed databases were searched to find studies on large-
scale medical research infrastructures. A total of 145 articles 
were found, but only merely 17 made it past the exclusion 
criteria. Eleven of the 17 articles listed first authors affiliated 
with European countries. Most of the articles discussed the 
need for “research infrastructures” while not addressing the 
subject in any detail. Consequently, this study concluded  
that  there  is  a  pressing  need  for  deeper  and  more  
extensive  multidisciplinary  collaboration,  especially  on  
how  research  infrastructures  are structured, managed, and 
branded.

Keywords: Biobanking; Research Infrastructure; PRISMA; 
Literature Review; Narrative Overview 

Introduction
Background
Research is contingent on the study of large collections 
of well-documented, accurate data from large numbers 
of populations. These collections are stored in biobanks 
(or biorepositories) (1,2). A biobank can be summarised 
as a bank that stores, processes and distributes biological 
materials and data associated with the material (3). Biobanks 
facilitating international collaboration are essential, 
since researchers need to achieve statistical inference by 
comparing information generated by a different population/
sample group (4).

The inception of modern biobanking can be traced back to 
the late 1990s (5). New technology made it simpler to share 
data in a greater capacity than had been possible in the past. 
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This made it easier for scientists to make useful discoveries 
in samples originally collected for other purposes (6). 
Today, biobanks are instrumental in advancing public health 
through the discovery of diseases (5,7,8). Currently, there is 
an increased investment in biobanking in the western world 
in general and Sweden in particular (5,9,10). However, 
until relatively recently, there were few advocates for the 
development of research infrastructure in general and even 
fewer for biobanking (11). However, in recent decades 
there has there been an increased political attention given 
to the formation of research infrastructures, both on a 
Swedish national level as well as internationally. ESFRI, 
an European cooperation body for infrastructure, defines a 
research infrastructure as: “facilities, resources or services 
of a unique nature that have been identified by European 
research communities to conduct top-level activities in all 
fields” (12).

The European Union presented an initiative seeking to 
harmonise biobanking standards. This initiative was 
known as Biobanking and Biomolecular Resources 
Research Infrastructure (BBMRI). BBMRI was built on 
existing sample collections, technologies, resources and 
expertise that were specifically complemented with various 
innovative components (13). The intent was to integrate 
biobanking resources into a pan-European distributed 
hub/infrastructure across the Europe Union countries. The 
chief purpose of BBMRI was to serve as a bridge between 
sample donors (whether patients or healthy individuals) 
and scientists (14). In addition, it also intended to serve as 
a gatekeeper in order to protect sensitive data from being 
disclosed wantonly.

BBMRI was launched in 2008 and has since then grown 
into a consortium that includes more than 50 members and 
involved more than 280 associated organisations (mostly 
biobanks) from 33 countries. This made BBMRI one of 
the largest research infrastructures in Europe (14). BBMRI 
was implemented through a new legal entity called ERIC 
(European Research Infrastructure Consortium). ERIC 
was enacted in the European Union in 2009 as a legal 
framework (15). 

ERIC is a consortium rather than an EU-agency, which 
means that it is not part of the Member States as such. 
Rather, it is an international organisation established by 
a verdict from the Commission, which originates from an 
application submitted by three or more Member States (16). 
The ambition with this consortium is to put the EU research 

policy into effect by creating a research infrastructure 
of the highest class that can compete effectively on an 
international level. Through a consortium such as ERIC, 
Member States can collectively fund and manage the 
research infrastructures in a way that would otherwise be 
impossible should each Member State be left to its own 
devices. The specific aim of BBMRI-ERIC is to “facilitate 
the access to resources as well as facilities and to support 
high quality biomolecular and medical research” (17).

The national hubs of BBMRI were established under the 
ERIC legal entity. They connected the national scientific 
community, such as universities, hospitals, research 
institutions etc. to BBMRI-ERIC (14). The idea was that 
the distributed architecture enabled positive impact on the 
regional development in all participating Member States. 
A Swedish node was set up in 2009, called BBMRI.se. It 
received substantial funding from the Swedish Research 
Council, thus constituting one of the most ambitious national 
endeavours to fully implement the BBMRI infrastructure 
(14). Nevertheless, there has been little research aimed 
at the management and the processes involved in setting 
up research infrastructures (18-20). Since research 
infrastructures are on the rise, there is presently a pressing 
need for further research in this area.

Objectives
The main premise of the present study is to shed light on 
the mechanisms and components involved in the formation 
and consolidation of a complex, large-scale research 
infrastructure, and if there are any inherent pitfalls tied to 
such an endeavour. If so, what can be done to address them? 
This literature review explores the available knowledge 
in the areas of research infrastructure and biobanking to 
identify knowledge gaps and areas where further research 
is needed.

Methods
Overview
The literature study was based on a narrative overview. Put 
simply, a narrative review seeks to summarise different 
primary studies (21,22). These studies serve as a foundation 
from which conclusions may be drawn into an overarching 
interpretive overview reinforced by the reviewer’s 
experience, models and/or existing theories (23). One of the 
main advantages is that it aspires to draw an understanding 
of the pluralities and complexities around the researched 
area (24). As such, narrative reviews are appropriate for 
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large-scale and/or comprehensive topics (25). The narrative 
overview is signified by making explicit search criteria and 
inclusion criteria (26).

Eligibility criteria
The present review aimed to identify all pertinent, modern 
English-language studies in the field of large-scale medical 
research infrastructures. The inclusion criteria were that 
the articles had to conform to the following attributes:
1. Pertaining to the areas of large-scale biobanking, 

medical and/or scientific research infrastructures
2. Published during the 20th and/or 21st century 
3. Published in the English language

Given the dearth of available literature specifically 
focussing on large-scale medical research infrastructures, 
our review has also included some of the literature on 
research infrastructures in areas analogous to our subject 
of interest.

Information Sources
The point of departure was a search in the Web of Science 
(WOS) database. For purposes of providing full coverage 
of the area, an additional, identical search was done in the 
PubMed database.

Study selection
The articles were selected for a narrative overview using 
a pre-defined search string in WOS and PubMed. The 
process that followed was that the articles were first 
identified in each respective database. They were later 
screened, removing duplicate entries and articles written 
in any non-English language. The next step was to ensure 
full eligibility, namely that the included articles concerned 
large-scale biobanking, medical and/ scientific research 
infrastructures. Reading the abstract and keywords of each 
respective article ensured eligibity. The final step was to 
provide a list of all those articles included in the study. 
These articles were reviewed with their main messages 
summarised, along with number of citations in WOS, or 
PubMed (if unavailable in WOS) in the results section.  

Search
The search strategy used a combination of the search terms 
Biobank* OR Biorepositor* OR “Biological Specimen 
Bank*” OR medic* AND Infrastructure AND harmoni* 
OR standardi* AND scien* The search terms were selected, 
after minor modifications, in consultation with an academic 
workshop at the author’s research institute specialising in 

creating relevant academic search strings. This was done in 
order to exhaust the number of relevant search terms in an 
objective manner through an independent third-party with 
specialised competency in the area of database searches. 
No additional limits were set in regards to study design 
and/or time period in order to fully exhaust the possible 
search results. The search was performed in March 2016 
and included a search period of all articles released in the 
20th and 21st century. 

Study selection
Although employing a narrative overview literature 
review, this study has opted to use the guidelines presented 
by the PRISMA statement for Systematic Reviews and 
Meta-Analyses Guidelines when reviewing articles (27). 
This entails a four-phase flow diagram (Identification, 
Screening, Eligibility and Included). This procedure was 
elected in order to maximise the quality of the inclusion 
criteria as well as ensuring consistency and stringency in 
data selection (28).

All retrieved publications were subsequently reviewed 
manually. Entries mentioning more than one of the search 
terms (e.g. infrastructure and medical) without linking them 
together in a relevant context were excluded. Articles that 
merely peripherally mentioned research infrastructures in 
passing in a different context were also excluded.

Data collection process
The data extraction included all retrieved articles from the 
selected databases by importing them into EndNote X6 
where the results were checked for potential double entries. 
Irrelevant studies, or those that failed to meet the inclusion 
criteria, were subsequently removed from the list. The 
final sets of articles were then tabulated into an Excel sheet 
with full bibliographic references for each article (date of 
publication, journal, issue, page number etc.).

Data items
The variables for which data were sought included:
1. Type of journal
2. Number of recurring journals
3. Country of publication
4. Type of funding (if any)

Synthesis of results
This study has applied a qualitative approach (26). It 
has not focussed on assessing the quality and/or bias of 
the individual studies as such, but rather in identifying 
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patterns across the articles dealing with large-scale medical 
research infrastructures. All included articles were analysed 
in two steps. First, the type of published work, journals, 
first author’s national affiliation, date of publication and 
number of citations, were analysed. Second, every article 
was processed qualitatively in order to identify large-scale 
medical research infrastructures addressed by the majority 
of published research. This was achieved by categorising 
all included publications specifically dealing with medical 
and/or biobanking research infrastructures

Risk of bias in individual studies
A salient risk when conducting individual studies is the ex-
clusion of population control. This has been remedied by 
developing a clear set of eligibility criteria at the outset of 
the study (29).  

Risk of bias across studies
An inherent risk of publication bias is that the results de-
pend more on the hypothesis tested rather than on the qual-
ity of research. This may lead to undesired type-1 errors, or 
“false positives”. This stems from the risk that researcher 
may be more prone to publish results in support of their 
hypothesis as opposed to those that disprove it (30). This 
is particularly a problem for studies with small effect sizes. 
This risk is reduced by using larger studies, which provided 
better representation of the area (31).

Discussion
Study selection
The initial search in WOS returned 52 cited articles 
whereas the search in PubMed revealed 93 articles (i.e. 
145 articles in total). There were no duplicate articles in 
each respective database, but 20 articles overlapped with 
WOS and PubMed. Although no limit was set on the time 
period, all articles found were published between the years 
1996-2016. 42 articles were excluded from WOS due to 
lack of relevance (save for one that was excluded for being 
in a language other than English). All of the 10 retained 
articles were original research. 66 articles were excluded 
from PubMed due to lack of relevance (save for two that 
were excluded for being in a language other than English) 
in addition to the 20 that overlapped with WOS. 6 out of 
7 retained articles were original research, while the last 
one was a commentary. This means that 17 articles in all 
were ultimately included in the study. The procedure for 
selecting the articles is depicted in Figure 1: 

Study characteristics
The 17 articles included in the review were published dur-
ing the period 2003-2015. Most of the studies were of a 
theoretical nature, with two articles investigating empirical 
data. They were relatively evenly spread through different 
journals, although the journals of Biopreservation and bio-
banking and Pathobiology saw a slightly greater represen-
tation with two publications each, as demonstrated in Table 
1.

The most cited article was (33), discussing the need of larger 
infrastructures to enable studies of multifactorial diseases, 
with 31 citations (with an approximate of 3.1 citations 
per year). Two of the articles mentioned BBMRI, nine of 
the articles were cited 5 times or more since publication. 
Although a relative scarcity of articles, the analysis showed 
that the available articles’ first authors were relatively well 
distributed amongst different countries, with all continents 
represented.  However, in 8 out of 12 cases, the first author 
was affiliated with a European country, indicating research 
infrastructures to be a more European-centred topic, as 
shown in Table 2.

Most of the articles were funded through grants, while a 
considerable amount (approximately one-third) did not 
specify the origin of their funding. Only in one isolated 
case did the authors disavow any occurrence of funding, as 
illustrated in Table 3.

Synthesis of results
The main points discussed in each of the reviewed articles 
may be summarised as follows:
Abayomi et al. (34) discuss the need of well-developed 
governance, ethics, infrastructure, and bioinformatics 
as prerequisites for the establishment and evolution of 
successful human biobanking. According to WOS, it 
has a total of 5 citations. Armstrong and Reaman (35) 
promotes the need of multidisciplinary, cooperative groups 
offering opportunities for psychological research and 
lift shared research infrastructures as a scientific benefit. 
According to WOS, it has a total of 13 citations. Doiron 
et al. (36) believe that a shared infrastructure helps create 
a collaborative environment. According to PubMed, it 
has a total of 8 citations. Dove (37) calls biobanks “a key 
emerging research infrastructure, and those established as 
prospective research resources comprising biospecimens 
and data from many participants are viewed as particularly 
promising drivers of biomedical progress”. The article 
has no citations, according to WOS. Filocamo et al. (38) 
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stipulate that a coordinated IT infrastructure has enabled 
the standardisation of procedures and activities, making it 
easier for biobanks to gain a critical mass, while helping 
to raise awareness among the general public. According 
to WOS, it has a total of 4 citations. Litton, Muilu, 
Björklund, Leinonen, and Pedersen (39) contend that 
“database infrastructure has become a critical component 
for competitive life sciences research and discovery” and 
argues that there is a need to standardise research data. 
According to WOS, it has a total of 7 citations. Mendy 
et al. (40) raises the issue that investment in biobanking 
infrastructure has enabled scientific progress, while 
upholding innovative programmes facilitating the creation 
of sustainable biorepositories and research infrastructures 
with the capability to conduct cutting-edge scientific 
research. According to WOS, it has a total of 1 citation. 
Norlin et al. (41) analyse BBMRI when discussing the 

aim to facilitate data discovery through harmonisation of 
data elements describing a biobank at the aggregate level. 
According to WOS, it has a total of 11 citations. Park et 
al. 42) uphold the biobank as an important infrastructure 
for biomedicinal research in order to actualise personalised 
medicine. According to PubMed, it has a total of 2 citations. 
Pathak et al. (43) discuss the need to develop scalable 
informatics infrastructures and conclude that there is a need 
for large-scale standardisation. According to WOS, it has a 
total of 11 citations.

Peterson (44) considers how a roadmap may present a 
strategic shift in how research networks may move from 
direct funding of a harmonised national infrastructure 
of cooperating research networks to a model of local 
engagement. According to WOS, it has a total of 3 citations. 
Riegman et al. (33) stress the need to harmonise and streamline 

Figure 1. Flowchart of the different phases of article processing throughout the systematic review (adapted from Moher, Liberati, 
Tetzlaff, Altman, & the PRISMA Group (32)
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biobanking through infrastructures. According to WOS, it 
has a total of 31 citations. Rosemann (45) postulates that 
the coexistence of divergent socio-epistemic practices has 
enabled also the generation of multiple forms of economic 
value. Thus, integration of local institutions into the global 

bioeconomy does not necessarily result in the shutting down 
of localized forms of value creation. According to WOS, it 
has a total of 1 citation. Van Ommen (46) believes that the 
efforts of the  pan-European BBMRI-ERIC will improve 
accessibility and interoperability between the academic and 
industrial sectors which will ultimately benefit personalised 
medicine. According to WOS, it has a total of 5 citations. 
Yoshizawa et al. (47) argue that there is a need for common 
infrastructures and platforms in large-scale human genomic 
research and policy development, while also pressing for a 
greater understanding of issues and practices that relate to 
the ethical, legal and social implications (ELSI). According 
to WOS, it has a total of 1 citation. Zatloukal and Hainaut 
(48) contend that biobanking infrastructures have a critical 

Table 3. Most common type of funding
Rank Funding No of Articles

1 Grant 8.5
2 None Stated 5
3 Project 1.5
3 European Commission 1
4 No financial involvement 1

Table 2. Journal country of origin for the articles cited

Rank Country Number of Articles 
(%)

1 USA 3 (17.6%)
2 Netherlands 2 (11.7%)
3 Sweden 2 (11.7%)
4 UK 2 (11.7%)
5 Austria 1 (5.9%)
6 Canada 1 (5.9%)
7 France 1 (5.9%)
8 Italy 1 (5.9%)
9 Japan 1 (5.9%)
10 South Africa 1 (5.9%)
11 South Korea 1 (5.9%)
12 Spain 1 (5.9%)

Table 1. Journals involved in publishing articles on biobank/medical Research Infrastructures

Rank Journal No of Articles

1 Biopreservation and biobanking 2

2 Pathobiology 2

3 Biomarkers in Medicine 1
4 Emerging Themes in Epidemiology 1
5 European Journal of Human Genetics 1
6 Genome Medicine 1
7 Journal of the American Board of Family Medicine 1
8 Journal of the American Medical Informatics Association 1
9 Journal of Pediatric Psychology 1
10 Journal of Law Medicine & Ethics 1
11 Orphanet Journal of Rare Diseases 1
12 Osong Public Health and Research Perspectives 1
13 Public Health Genomics 1
14 Social Science & Medicine 1
15 Twin Research 1
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impact on the discovery, development and implementation 
of new drugs for cancer treatment, hence it is deemed 
essential to harmonise biobanking procedures. According 
to WOS, it has a total of 17 citations. Zika et al. (49) 
stipulate that practices in biobanking may pose a barrier to 
cross-border research and collaboration by limiting access 
to samples and data. Hence, the authors call for EU-funded 
biobanking projects aimed to improve interoperability 
and sustainability. According to WOS, it has a total of 16 
citations.

Conclusion
Summary of evidence
This study sought to make an objective and impartial 
assessment of the present research and/or discussions on 
research infrastructures in medical sciences in general 
and in biobanking in particular. This review has described 
how publications in the field are presented to the public 
and in which publications they surface. Based on our 
findings, one may deduce that the topic is more prevalent 
in biomedical publications, although the issue is also raised 
in publications specialising in ethical, psychological and 
social scientific issues. The results of the articles show 
that there is an overall consensus for the need of large-
scale research infrastructures, but at the same time there is 
also a lack of literature specifically focused on the topic of 
research infrastructures. 

Analysed separately, the United States had the largest 
representation of first author associations, with three 
publications. The Netherlands, Sweden and the United 
Kingdom followed with two publications each with 
first author affiliation. Although there were isolated 
representation from countries located in other continents, 
such as Asia and Africa, the vast majority of first author 
affiliation could be found in European countries, suggesting 
the topic is of greatest relevance in Western Europe, and to 
some extent in the United States.

Apart from a few that did not declare funding source, all 
articles, save but one, received funding from a project, 
grant or government agency.

Limitations
The aim of this analysis was to identify publications that 
addressed the mechanisms and components involved in 
the formation and consolidation large-scale medical and/or 
biobanking research infrastructures. As such, the intent was 
to assess every pertinent article that did so in a qualitative 

manner. For this reason, the articles evaluated have not been 
ranked beyond mentioning the number of publication in any 
given journal, and this merely for purposes of determining 
whether there has been a discernible pattern of publication. 
Hence, the PRISMA flowchart presented earlier in review 
omits the final, optional phase of meta-analysis synthesis 
(32).

Analytical summary
Implications of the harmonisation of the medical sciences 
and biobanks are relevant not just for the biobanks per 
se, but also for the very foundation of future research 
collaboration in large-sale research infrastructures. The 
future of scientific research will undoubtedly call for deeper 
and more widespread multidisciplinary collaboration, 
hence the need to adequately provide the best prospects for 
research optimisation. 

The narrative overview literature analysis of the articles 
published in the field showed that focus was placed on 
stressing the need for better infrastructures in order to cater 
to multidisciplinary sciences. With further development of 
this field and the intricate design of research infrastructures, 
this issue will likely surface frequently during the course of 
the academic discourse of “big sciences” and collaborative 
science. To this end, instigators will need to know how to 
build, manage, brand and promote research infrastructures, 
not only to serve investors, but primarily to serve the 
scientific community at large.

Conflict of Interest
None declared.

Funding
This study was funded by The Department of Biobank 
Research, Umeå University and The Swedish Research 
Council (2009) as part of the BBMRI.se Operation Grant 
application [2009-18438-71700-8] through the creation of 
Work Package 8 (funding and financing).

References
1. Collins F. The case for a US prospective cohort study 

of genes and environment. Nature. 2004;429:475-7.
2. ESFRI (European Strategy Forum on Research 

Infrastructures). Strategy report on research 
infrastructures - Roadmap 2006. Luxembourg: Office 
for Official Publications of the European Communities; 
2006. 88 p.

3. Mitchell D, Geissler J, Parry-Jones A, Keulen H, 



  Larsson  A Building a Research Infrastructure 

www.ijmbs.org   ISSN: 1947-489X          

10

Schmitt DC, Vavassori R,et al. Biobanking from 
the patient perspective. Research Involvement and 
Engagement. 2015;1(4):1-17.

4. Kiehntopf M, Krawczak M. Biobanking and 
international interoperability: samples. Human 
Genetics. 2011;130(3):369-76.

5. Greely H. The Uneasy Ethical and Legal Underpinnings 
of Large-Scale Genomic Biobanks. Annual Review of 
Genomics and Human Genetics. 2007;8:343–64.

6. Meijer I, Molas-Gallart J, Mattsson P. Networked 
research infrastructures and their governance: The 
case of biobanking. Science and Public Policy. 
2012;39(4):491-9.

7. Dillner J, Andersson K. Biobanks collected for routine 
healthcare purposes: build-up and use for epidemiologic 
research. Methods Mol Biol. 2011;675:113-25.

8. Arbyn M, Andersson K, Bergeron C, Bogers J, von 
Knebel-Doebertitz M, Dillner J. Cervical cytology 
biobanks as a resource for molecular epidemiology. 
Methods Mol Biol. 2011;675:279-98.

9. Hansson MG, editor. The use of human biobanks – 
ethical, social, economical and legal aspects – Report 
1. Uppsala:  Uppsala, University; 2001.

10. Hansson MG. Biobanking within the European 
regulatory framework - opportunities and obstacles. 
Biopreservation and Biobanking. 2011;9(2):165-7.

11. Stahlecker T, Kroll H. Policies to Build Research 
Infrastructures in Europe – Following Traditions or 
Building New Momentum?. Working Papers Firms and 
Region Nr. R4/2013. Karlsruhe: Fraunhofer ISI; 2013.

12. ESFRI (European Strategy Forum on Research 
Infrastructures). Strategy report on research 
infrastructures - Roadmap 2010. Luxembourg: Office 
for Official Publications of the European Communities, 
p. 7; 2011. 84 p.

13. Mayrhofer, MT. (Biobanks and Research Infrastructure. 
In: Kapferer E, Koch A, Sedmak C, editors. 
Strengthening Intangible Infrastructures. Newcastle 
upon Tyne: Cambridge Scholars Publishing; 2014. p. 
287-300.

14. Swedish Research Council. Operation Grant application 
No. 2009-18438-71700-8, Unpublished (Dillner J, 
applicant). (April 29, 2009).

15. Council regulation (EC) No 723/2009 of 2009 on the 
Community legal framework for a European Research 
Infrastructure Consortium (ERIC)) (25 June, 2009).

16. Lind AS, Reichel J. Regulating cross border biobanking 
through an “ERIC”?. Biobank SWEDEN. 2013;3(1):3-
4.

17. Lind AS, Reichel J. Regulating cross border biobanking 
through an “ERIC”?. Biobank SWEDEN. 2013;3(1):3.

18. Viceconti M, McCulloch AD. Policy needs and options 
for a common approach towards modelling and 
simulation of human physiology and diseases with a 
focus on the virtual physiological human. Studies in 
Health Technology and Informatics. 2011;170:49-82.

19. Taubes G. Bad Science: The Short Life and Weird 
Times of Cold Fusion. New York: Random House; 
1993.

20. Muldur, U., Corvers, F., Delanghem H., Dratwa, J., 
Heimberger, D., Sloan, B et al. A New Deal for an 
Effective European Research Policy: The Design and 
Impacts of the 7th Framework Programme. Dordrecht, 
Netherlands: Springer; 2006.

21. Cook DJ, Mulrow CD, Haynes RB. Synthesis of best 
evidence for clinical decisions. In: Mulrow C, & Cook 
D, editors. Systematic Reviews: Synthesis of Best 
Evidence for Health Care Decisions. Philadelphia: 
ACP Press; 1998. p. 5-12.

22. Baumeister RF, Leary MR. Writing narrative literature 
reviews. Review of General Psychology. 1997;1(3):311-
20.

23. Kirkevold M. lntegrative nursing research-an important 
strategy to further the development of nursing 
science and Practice. Journal of Advanced Nursing. 
1997;25(5):977-84.

24. Jones K. Mission Drift in Qualitative Research, or 
Moving Toward a Systematic Review of Qualitative 
Studies, Moving Back to a More Systematic Narrative 
Review. The Qualitative Report. 2004;9(1):95-112.

25. Collins AJ, Fauser CJMB. Balancing the strengths of 
systematic and narrative reviews. Human Reproduction 
Update, 2005;11(2):103-4.

26. Green BN, Johnson CD, Adams A. Writing narrative 
literature reviews for peer-reviewed journals: secrets 
of the trade. Journal of Chiropractic Medicine. 
2006;5(3):101-17.

27. Liberati A, Altman DG, Tetzcalf J, Mulrow C, Gøtzsche 
PC, Ioannidis JPA, et al. The PRISMA Statement for 
Reporting Systematic Reviews and Meta-Analyses 
of Studies That Evaluate Health Care Interventions: 
Explanation and Elaboration FREE. Annals of Internal 
Medicine. 2009;151(4):W-65-W-94.

28. Onwuegbuzie, AJ, Frels, R. Seven Steps to a 
Comprehensive Literature Review: A Multimodal and 
Cultural Approach. London: Sage; 2016.

29. Bilandzic A, Fitzpatrick T, Rosella L, Henry D. Risk 
of Bias in Systematic Reviews of Non-Randomized 



 Ibnosina Journal of Medicine and Biomedical Sciences (2017)

Ibnosina J Med BS 11

Studies of Adverse Cardiovascular Effects of 
Thiazolidinediones and Cyclooxygenase-2 Inhibitors: 
Application of a New Cochrane Risk of Bias Tool. 
PLoS Med. 2016;13(4):e1001987.

30. Scargle J. Publication bias: the “file-drawer problem” in 
scientific inference. Journal of Scientific Exploration. 
2000;14(1):91-106.

31. Ioannidis J. Why most published research findings are 
false. PLoS Med. 2005;2(8):e124.

32. Moher D, Liberati A, Tetzlaff J, Altman DG, the 
PRISMA Group. Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses: The PRISMA 
Statement. PLoS Med. 2009;6(7):e1000097.

33. Riegman PHJ, Dinjens WNM, Oosterhuis JW. 
Biobanking for Interdisciplinary Clinical Research. 
Pathobiology. 2007;74(4):239-44.

34. Abayomi A, Christoffels A, Grewal R, Karam, LA, 
Rossouw C, Staunton, C, et al. Challenges of biobanking 
in South Africa to facilitate indigenous research in an 
environment burdened with human immunodeficiency 
virus, tuberculosis, and emerging noncommunicable 
diseases. Biopreserv Biobank. 2013;11(6):347-54.

35. Armstrong FD, Reaman GH. Psychological Research 
in Childhood Cancer: The Children’s Oncology 
Group Perspective. Journal of Pediatric Psychology. 
2005;30(1):89-97.

36. Doiron D, Burton P, Marcon Y, Gaye A, Wolffenbuttel 
BH, Perola M, et al. Data harmonization and federated 
analysis of population-based studies: the BioSHaRE 
project. Emerg Themes Epidemiol. 2013;10(1):12.

37. Dove ES. Biobanks, Data Sharing, and the Drive for 
a Global Privacy Governance Framework. Journal of 
Law Medicine & Ethics, 2015;43(4):675.

38. Filocamo M, Baldo C, Goldwurm S, Renieri A, 
Angelini C, Moggio, M, et al. Telethon Network of 
Genetic Biobanks: a key service for diagnosis and 
research on rare diseases. Orphanet Journal of Rare 
Diseases. 2013;8:29.

39. Litton JE, Muilu J, Björklund A, Leinonen A, Pedersen 
NL. Data modeling and data communication in 
GenomEUtwin. Twin Res. 2003;6(5):383. Mendy M, 
Caboux E, Sylla BS, Dillner, J, Chinquee J, Wild C. 
Infrastructure and Facilities for Human Biobanking 
in Low- and Middle-Income Countries: A Situation 
Analysis. Pathobiology. 2014;81(5-6):252-60.

40. Norlin L, Fransson M, Eriksson M, Merino-Martinez 
R, Anderberg M, Kurtovic, S, et al. A Minimum Data 
Set for Sharing Biobank Samples, Information, and 
Data: MIABIS. Biopreservation and Biobanking. 

2012;10(4):343-8.
41. Park O, Cho SY, Shin SY, Park JS, Kim JW, Han BG. 

A strategic plan for the second phase (2013-2015) of 
the Korea biobank project. Osong Public Health Res 
Perspect. 2013;4(2):107-116.

42. Pathak J, Bailey KR, Beebe CE, Bethard S, Carrell 
DC, Chen PJ, et al. Normalization and standardization 
of electronic health records for high-throughput 
phenotyping: the SHARPn consortium. J Am Med 
Inform Assoc. 2013;20(e2):e341-8.

43. Peterson KA. National Institutes of Health eliminates 
funding for national architecture linking primary care 
research. J Am Board Fam Med, 2007;20(2):229-31.

44. Rosemann, A. Standardization as situation-specific 
achievement: Regulatory diversity and the production 
of value in intercontinental collaborations in stem cell 
medicine. Social Science & Medicine. 2014;122:72-
80.

45. Van Ommen GJ, Tornwall O, Brechot C, Dagher G, 
Galli J, Hveem K, et al. BBMRI-ERIC as a resource 
for pharmaceutical and life science industries: the 
development of biobank-based Expert Centres. 
European Journal of Human Genetics. 2015;23(7):890-
900.

46. Yoshizawa G, Ho CW, Zhu W, Hu C, Syukriani Y, 
Lee I, et al. ELSI practices in genomic research in 
East Asia: implications for research collaboration and 
public participation. Genome Medicine. 2014;6(5):39.

47. Zatloukal K, Hainaut P. Human tissue biobanks as 
instruments for drug discovery and development: 
impact on personalized medicine. Biomarkers Med. 
2010;4(6):895–903.

48. Zika E, Paci D, Braun A, Rijkers-Defrasne S, 
Deschenes M, Fortier I. et al. European Survey on 
Biobanks: Trends and Issues. Public Health Genomics, 
2011;14(2):96-103.

Reviewer
Elhadi Aburawi, Al Ain, UAE
Nasr Anaizi, New York, USA

Editors
Salem A Beshyah, Abu Dhabi, UAE
Elmahdi Elkhammas, Columbus, Ohio, USA


