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ABSTRACT

Objectives
To analyse trends in the academic literature applying complexity science to healthcare, focusing 

specifically on bibliometric characteristics and indicators of influence.

Design
This study reports a bibliometric analysis via a systematic search of the academic literature applying 

complexity science to healthcare.

Method
A search of four academic databases was performed. Articles details were downloaded and screened 

against inclusion criteria (peer-reviewed journal articles applying complexity science to healthcare). 

Publication and content data were then collected from included articles, with analysis focusing on 

trends over time in the types and topics of articles, and where they are published. We also analysed the 

influence of this body of work through citation and network analyses.

Results 
Articles on complexity science in healthcare were published in 268 journals, though a much smaller 

subset were responsible for a substantial proportion of this literature. The United States contributed the 

largest number of articles, followed by the United Kingdom, Canada, and Australia. Over time, there 

were increases in the number of empirical and review articles published, relative to non-empirical 

contributions. However, in general, non-empirical literature were more influential, with a series of 

introductory conceptual papers being the most influential based on both overall citations and their use 

as index references within a citation network. The most common topics of focus were health systems 

and organisations generally, and education, with recent uptake in research, policy, and change and 

improvement. 

Conclusions
This study identified changes in the types of articles on complexity science in healthcare published 

over time, and their content. There was evidence to suggest a shift from conceptual work to the 

application of concrete improvement strategies and increasingly in-depth examination of complex 

healthcare systems. We also identified variation in the influence of this literature at article-level, and to 

a lesser extent by topic of focus.

Key words
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ARTICLE SUMMARY

Strengths and limitations of this study
- Use of an inclusive search strategy based on previously published reviews and including non-

empirical and non-English language articles. 

- Articles coded by multiple coders into topic themes to determine popular and emerging areas of 

interest for complexity science in healthcare. 

- A focus on citations and index references as a proxy for influence; citation analysis tends to 

prioritise older contributions that have had more time to accumulate cites.

- Inclusion of only peer-reviewed articles, minimizing the potential influence of some prominent 

non-peer-reviewed contributions.
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The influence of complexity: A bibliometric analysis of complexity science in 

healthcare

BACKGROUND
Complexity science provides a way of understanding nonlinearity, in which causation is problematic 

and multi-faceted, and emergent behaviours are the norm.[1] It developed out of diverse academic 

traditions, including computer science, physics, sociology, anthropology, economics and mathematics. 

Different systems can be understood using the complexity paradigm—it finds commonalities and 

patterns in the behaviour of systems comprised of very different agents (ants, cells, humans, societies, 

species, bacteria), often labelled via a convenient phrase: complex adaptive systems (CASs).[2] Such 

systems were initially recognised for displaying “weird”, chaotic and dynamic behaviours; thus, chaos 

theory was developed to explain such phenomenon. However, a focus only on chaos failed to account 

for why complex systems also often exhibit degrees of homeostasis—that is, they are somehow 

balanced between the chaotic and unpredictable on the one hand, and the orderly and predictable on the 

other—for the most part, most of the time.[3] Complexity science provides an understanding of 

systems that are between phase transitions and are often found just “at the edge of chaos”.[1, 3]

The study of complexity challenges traditional approaches to science that favour a controlled view of 

the world, where variables are held constant and where outcomes are predictable because causes and 

effects are related, and construed as linear arrangements.[4] CASs are not well-explained through 

studies that aim for such reduction, decomposition and cause-effect logic, breaking problems down into 

manageable parts and studying these components individually in an attempt to understand the whole.[5] 

In short, CASs are different from, and more than the sum of their parts.

Complexity science has pervaded many disciplines, making its way, for example, into the social 

sciences and the study of human systems and organisations.[1, 6] The adoption of complexity science 

principles has been particularly notable in health-related fields, with healthcare systems worldwide 

recognised as excellent examples of CASs because of the diverse array of agents involved (doctors, 

patients, nurses, consumer groups, politicians, non-government organisations) and the enormous 

number of interactions among them.[7, 8] This work gained momentum at the beginning of this 

century, with the publication of a number of conceptual contributions discussing the application of 

complexity science principles in areas of healthcare like clinical practice,[9] education,[10] and 
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healthcare management.[11, 12] Since this time, the potential of complexity science in understanding 

and tackling some of the otherwise intractable challenges of delivering healthcare—including patient 

safety,[13] interprofessional collaboration,[14] sustained improvement,[15] and managing uncertainty 

[16]—has been considered. Empirical studies applying the principles of complexity science to 

healthcare have also proliferated. Almost two decades ago, Anderson and McDaniel [17] used 

complexity theory to understand nurses’ decision-making in nursing homes in the United States. Much 

more recently, Barasa, Molyneux [18] examined hospitals as CASs in their case study of financing 

decisions in Kenya. 

There are signs that literature on complexity science in healthcare is approaching maturity, with 

literature reviews of the empirical research now being undertaken,[19] especially in the context of 

health services interventions,[20] as well as publication of a systematic review of empirical and non-

empirical complexity ideas.[21] As a complement to these contributions, now is an appropriate time to 

examine the influence and spread of this literature in greater prevision. Towards this end, bibliometrics 

is an approach that looks at publication patterns in an area of research literature, including trends over 

time and globally, and the influence of articles, and the authors and journals publishing such works, 

indicated by citations.

Aim
This study aimed to analyse trends in the academic literature on applying complexity science to 

healthcare, focusing specifically on bibliometric characteristics. We also analysed the influence of this 

body of work through citation and network analyses.

METHOD 

Systematic search of the literature

Databases
In April 2018, the Cochrane Database of Systematic Reviews, CINAHL, EMBASE, and all databases 

of Web of Science, which includes MEDLINE, were searched using keywords documented below. The 

general search strategy was based on that taken by Thompson et al.,[19] with a range of search terms 

associated with complexity theory used to account for broad indexing. This included “chaos theory”, 

because complexity is often described as developing out of,[1] as well as encompassing the more 
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specific concept of, chaos.[22] Keywords related to healthcare and health systems were also searched. 

No date restrictions were used.

Keywords
1.  “Complexity theory” OR “complexity science” OR “complex adaptive system” OR 

“complexity thinking” OR “complex responsive process theory” OR “chaos theory”

2. healthcare OR “health care” OR “health-care” OR hospital OR “health facilit*” OR “acute 

care” OR “health organi*” OR “health system” OR “primary care” OR “general practice” OR 

“aged care” OR “nurs* home OR medic* OR clinic* OR nurs* OR health

Citations returned from these searches were downloaded into the reference management software 

Endnote, and duplicates were removed. References were then exported to a Microsoft Excel 

spreadsheet for screening. Articles were reviewed against inclusion criteria and exclusion criteria. 

References meeting inclusion criteria were classified for bibliometric analysis.

Inclusion and exclusion criteria 
Because we were looking at influence, empirical and non-empirical papers (e.g., commentaries, 

conceptual papers and reviews) published in peer-reviewed academic journals and applying complexity 

science to healthcare were included in the analysis. We defined healthcare broadly to include not only 

the professionals involved (e.g., nurses, doctors, administrators) and sites of healthcare delivery (e.g., 

hospitals, nursing homes), but also education, policy, processes and ethical or research issues related to 

healthcare. Health promotion and public health articles were initially retained for full-text screening. 

However, they were ultimately only included if they discussed healthcare sites, professions or aspects 

of care delivery, rather than, for example, population-based health promotion interventions and issues. 

Letters to the editor and editorial papers that only described the contents of an issue were excluded, 

because they were not thought to sufficiently contribute to the spread of complexity ideas within 

healthcare. Books, book chapters and conference proceedings were also excluded because bibliometric 

data is often not available or incomplete for such publications. Articles that were not originally 

published in English but provided an English-language abstract were included in the bibliometric 

review if, based on this information, they were found to meet all of the inclusion criteria and none of 

the exclusion criteria. 

Bibliometric analysis
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Stage one: Review of article publication data 
First bibliometric data on the article, including the year of publication, the journal in which it was 

published, the corresponding author and their country of residence, were captured from the full-text, or 

the journal or indexing database where full-text was unavailable (either inaccessible to the authors or 

not available in English). 

Stage two: Review of article content
Articles were then classified in greater detail according to their content, including type of article and 

focus. This involved classifying articles as empirical or non-empirical. The empirical papers were 

further categorized according to their use of complexity science (e.g., the covered aspects of prediction, 

conceptual framework, data analysis, or interpretation of findings) following the schema of Thompson 

et al.[19] Non-empirical papers were classified as: commentaries and editorials, conceptual discussions, 

conceptual case studies, and protocols. Reviews were also included and classified. 

Two of the authors (KC and CP) performed a content analysis on the main focus(es) of all the included 

articles. This involved inductive descriptive coding of each paper, then comparisons, modifications and 

expansions of codes to identify the most common topic themes in the literature applying complexity 

science to healthcare. Generally, details in the abstract and title, in addition to database indexing 

information, were sufficient to classify whether an article was empirical or non-empirical, and also its 

main focus. However, some articles did not have an abstract, or the abstract detail was insufficient. 

Full-text review was conducted during this stage (where full-text was available in English) to ensure 

the most accurate classification.

Stage three: Analysis of influence
The number of citations an article had received over time was used to calculate influence, with citations 

collected from Google Scholar in July 2018. We also examined influence by identifying one or more 

“index” reference(s) for each of the full-text articles reviewed.1 An index was defined as the most 

influential, prominent or leading reference(s) cited by an included article that also focused on 

complexity science within healthcare (as compared with complexity science in biology, management or 

generally). However, unlike papers in this review, an index reference need not be a peer-reviewed 

1 Where full-text was available (n=377)

Page 7 of 57

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

8

publication; this criterion allowed us to consider influence from other sorts of academic outputs. Where 

possible, we identified an index reference based on attribution by the authors of that paper, for 

example, a statement like: “In his appendix to Crossing the Quality Chasm,12 Plsek13 suggests that, 

rather than using the principles of mechanical systems to try to improve health care, innovators should 

employ the principles of complex adaptive systems”.[23, p. 17] However, in the absence of an explicit 

statement to this effect, we took the first reference(s) cited when introducing the notion of complexity 

science applied to healthcare. Some articles included did not have index references, and others were 

unable to be searched (i.e., full-text not available). 

Index references and their citing articles were used in a network analysis, visually constructed in 

Gephi, version 0.9.2. Network analysis uses graph theory to map and measure relationships among 

nodes.[24] In this case, the nodes in the network were the articles in the review as well as any index 

reference(s) they cited, while relationships were directional tie(s) to an index reference (e.g. articles X 

cited article Y as an index reference). Articles that did not cite an index reference, and were not 

themselves used as an index reference for another article (i.e., an isolate), were removed from the 

network analysis, on the basis that they did not contribute to understanding influence. In visualizing the 

network, the main topic theme of the research output was used to differentiate different categories of 

articles and identify any possible clustering, as well as distinguish influential index references that were 

not captured by our review strategy. The most influential academic outputs in the network were 

assessed using in-degree calculation (the number of inward directed ties to a node i.e., the number of 

times an index reference was cited by other articles).

RESULTS
A total of 2,505 articles were returned from searches across the four databases and downloaded into 

Endnote X8. Following removal of duplicates, citation details (n=2,382) were exported to Microsoft 

Excel for screening of their titles and abstracts against inclusion criteria. Five-hundred and forty-seven 

references were retained, though a further 93 were excluded at stages one and two of data analysis 

because, upon review, they did not meet inclusion criteria (reasons documented in Table 1). This left 

454 articles that were subjected to the bibliometric analysis. Figure 1 presents the search strategy.

INSERT FIGURE 1 HERE
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Table 1. Reasons for exclusion at full text stage.

1 Rouse, W. B. (2000). Managing complexity: disease control as a complex adaptive system. Information 

Knowledge Systems Management, 2(2), 143-165 was published in a now discontinued journal. Citation data 

unavailable in Google Scholar, precluding bibliometric analysis.

Of the 454 articles considered eligible for inclusion, the research team was able to access full-text in 

English for 379 articles, permitting a more detailed and accurate classification of content. The 

remaining 75 articles included in the bibliometric analysis were comprised of 49 articles in English-

language journals where full-text was inaccessible, and 26 where full-text was not available in English. 

See Appendix 1 for summary of data extraction. 

Stage one results: Article publication data

Publishing of articles on complexity science applied to healthcare 
The 454 included articles came from 268 different journals, which were primarily health-focused, but 

varied in scope. Table 2 displays the journals publishing the highest number of articles in the field. The 

journal publishing the most articles on complexity science applied to healthcare was the Journal of 

Evaluation in Clinical Practice (n=24), followed by Health Care Management Review (n=18), and 

Social Science & Medicine (n=11). 

Table 2. Top 13 journals publishing articles on complexity science applied to healthcare

Top journals publishing on complexity science in 

healthcare
Number of articles

Journal of Evaluation in Clinical Practice 24

Health Care Management Review 18

Social Science & Medicine 11

BMC Health Services Research 8

Implementation Science 8

Journal of Advanced Nursing 8

Reason for exclusion Number of articles

Not about complexity science 12

Not in healthcare 31

Not a peer-reviewed academic journal article 49

Article information unable to be found1 1

Total 93
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Medical Education 8

Annals of Family Medicine 6

Academic Medicine 5

BMJ 5

International Journal of Integrated Care 5

Journal of Interprofessional Care 5

Journal of Nursing Administration 5

Using the corresponding author’s affiliation as an indicator, we determined that articles applying 

complexity science principles to healthcare came from 33 countries. The United States of America 

(n=199, 43.8%), the United Kingdom (n=82, 18.1%), Canada (n=49, 10.8%) and Australia (n=23, 

5.1%) accounted for nearly three-quarters of the included papers, as can be seen from Figure 2. Other 

countries contributing substantially were the Netherlands (n=12, 2.6%) and Brazil (n=17, 3.7%); for 

Brazil, this included 11 (2.4%) papers published in non-English language journals. Despite the 

concentration of articles among only a few countries, there was evidence for increasing globalisation 

over time; prior to 2003, the only countries publishing literature on complexity science applied to 

healthcare were the UK, USA, Canada and Australia, while in 2017 alone articles came from 17 

different countries.

INSERT FIGURE 2 HERE

Stage two results: Article content

Types of articles published
The majority of the literature (n=277, 62.8%)2 applying complexity science to healthcare has been non-

empirical, mostly conceptual discussions (n=178), followed by conceptual case-studies (n=39), 

methodological and practical articles (n=23), commentaries and editorials (n=18), unstructured and 

narrative reviews (n=12), and protocol papers (n=7). However, the publication of empirical papers 

(n=149, 33.9%) increased, especially over the last five years; these articles predominantly employed 

complexity science as a conceptual framework (n=109), or to a lesser extent, for data collection (n=4) 

or analysis (n=12), or the interpretation of findings (n=22).3 Publication of structured and systematic 

2 N=13 unable to be classified because full-text was inaccessible and there was insufficient information in the abstract. 
Percentage calculated on the 441 articles able to be classified.
3 Full-text unavailable for two empirical articles. There was not enough detail in the title and abstract to determine the use of 
complexity science.
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reviews (n=15, 3.4%) that either explicitly reviewed complexity science in healthcare [e.g., 19, 20, 25] 

or used these principles as a lens or framework for their review [e.g., 26, 27] also increased over the 

last decade. These trends are captured in Figure 3.

INSERT FIGURE 3 HERE

Content of articles published
Delving deeper into the content of these articles, we coded the main focus(es) of each of the articles 

included in the review, then developed broader categories representing common topic themes for 

complexity science applied to healthcare. Multiple topic themes were often evident in a single article, 

so themes are not mutually exclusive. These topic themes are displayed in Table 3. The most common 

topic themes involved a focus on healthcare settings (especially primary care and hospitals), followed 

by health systems and organisations generally, healthcare professionals (particularly nursing and 

medicine), and education. Furthermore, while healthcare professionals, and education were early 

topics for complexity science in healthcare, it was not until 2006 that these principles were taken up in 

articles focused on change, improvement and implementation, research and policy (see Figure 4).

Table 3. Topic themes for articles on complexity science applied to healthcare.

Topic themes Number of articles1 Citations per year

Management and leadership 49 4.0

Education 59 5.9

Teamwork, collaboration and care coordination 31 4.8

Health systems and organisations generally 76 6.0

Public health and health promotion 31 4.4

Safety, quality and performance 22 2.4

Change, improvement and implementation 39 5.1

Research 14 4.7

Healthcare policy 10 2.3

Health settings 146 3.4

- aged and nursing care 21 5.7

- ambulatory care 2 0.8

- chronic care 9 4.3

- hospital 53 2.7

- mental health 6 1.9

- paediatrics 3 3.9
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- palliative care 4 1.3

- primary care 48 6.4

Healthcare professionals 71 3.6

- allied health 2 0.3

- medicine 19 7.3

- nursing and midwifery 44 2.7

- general 6 4.0

Other 33 3.5
1 Topic themes are not mutually exclusive, except within subthemes of health settings and healthcare 

professionals.

INSERT FIGURE 4 HERE

Stage three results: Examination of influence

Citation analysis
Influence was calculated using the number of citations each article received averaged by the number of 

years elapsed since publication. For the field, this amounted to an overall average of 4.9 citations a year 

per article, although there was high degree of skewedness (Mdn= 2.5, Min=0, Max=110.1).4 At article-

level, influence was considered separately for empirical and non-empirical contributions, which 

included structured reviews. As can be seen in Table 4, generally, non-empirical articles were more 

influential than empirical ones. The most influential article by a substantial margin was the conceptual 

discussion by Plsek and Greenhalgh,[5] published in 2001 in the BMJ, to introduce a series of papers 

on complexity in healthcare, many of which in this series also featured in the top 10. A brief 

description of the main focus of each paper, which was used as the basis for developing topic themes, is 

present in Table 4. For non-empirical articles, the focus tended to be broader and there were a number 

of common themes, including discussion of application of complexity science to healthcare 

generally,[5] clinical practice,[9, 28] and education.[29] The empirical articles were however more 

varied and specific in focus, though nursing homes and primary care were common areas of interest. 

Influence was also examined according to the topic themes identified in stage two; based on this 

analysis, we found that articles focusing on complexity science specifically in relation to medical 

professionals were most influential, followed by articles in the primary care setting and considering 

health systems and organisations generally (Table 3). 

4 Articles published in 2018 not included in calculation. 
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Network analysis of index references
The influence of included articles and other research outputs on complexity science applied to 

healthcare was further investigated in the network analysis of index references, depicted in the 

sociogram in Figure 5. The network consisted of 514 nodes (i.e., academic outputs) and 657 directional 

ties (which output cited another output as an index reference). Of these nodes, 276 (53.7%) were used 

as an index reference by at least one other research output in this network (indegree >0). The nodes 

with the highest in-degree are listed in Table 5. The most influential node in the network was the article 

by Plsek and Greenhalgh,[5] which was cited as an index reference for complexity science in 

healthcare by 71 other articles in the review. Visualisation revealed an absence of clustering by topic 

theme; that is, rather than seeing index referencing only between research outputs that explore similar 

ideas (e.g. management only uses other management outputs as index references), there were 

connections among the different topic themes. Finally, there were 183 outputs (35.6%) used as index 

references that had not been included in our review.  
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Table 4. Most influential empirical and non-empirical articles on complexity science applied to healthcare.

Empirical article

Citations 

per year

Main focus 

description

Non-empirical and review 

articles

Citations 

per year

Main focus 

description

Anderson, Issel [30] 29.4 nursing home Plsek and Greenhalgh [5] 110.1
healthcare - 

general

O'Sullivan, Kuziemsky [31] 22.6

public health - 

health promotion in 

disaster

Fraser and Greenhalgh [10] 50.6 education

Hanseth, Jacucci [32] 21.8 hospital – EHR/IT Plsek and Wilson [12] 41.4 leadership

Monrouxe, Rees [33] 18.4
education - 

medicine
Best, Greenhalgh [27] 40.7

healthcare 

system - 

transformation

Oyeleye, Hanson [34] 16.8
nursing - workplace 

bullying
Goldberger [35] 39.6 clinical practice

Anderson, Corazzini [36] 15.9
nursing homes - job 

satisfaction
Braa, Hanseth [37] 35.6

EHR/IT - 

developing 

countries

Ssengooba, McPake [38] 15.5
performance targets 

- health systems
Wilson, Holt [9] 28.1

clinical - 

general

Miller, McDaniel [39] 14.8 primary care Frye and Hemmer [40] 28.0 education

Boustani, Sachs [41] 14.5
primary care - 

dementia care
Bleakley [42] 25. 7 education

Provost, Lanham [13] 14.0
collaboration and 

teamwork - safety
Anderson, Crabtree [43] 25.1

healthcare 

organisations

Page 15 of 57

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

16

INSERT FIGURE 5 HERE

Table 5. In-Degree

Most popular index references in network In-degree Topic theme of complexity

1 Plsek, P. E. and T. Greenhalgh (2001) 71 Health systems and organisations

2 IOM and P. E. Plsek [44]  25 Not in review

2* Plsek, P. E. and T. Wilson [12] 25 Management/leadership

3 Wilson, T., T. Holt and T. Greenhalgh Wilson, Holt 

[9] 19 Healthcare setting

3* Zimmerman, B., C. Lindberg, and P. Plsek 

Zimmerman, Lindberg [45] 19 Not in review

4 Fraser, S. W. and T. Greenhalgh [10] 18 Education

* indicates equal levels of in-degree. 

DISCUSSION
Complexity science has brought a radical shift in how we think about many of the dynamic 

relationships and systems present in our world, with healthcare being no exception. This bibliometric 

review of complexity science in healthcare has identified a number of trends in the types of articles 

published over time, and the influence of this body of work. It has documented increasing use of a 

complex systems lens to describe, understand and study aspects of healthcare over the past two and a 

half decades, with literature emanating from numerous countries and being published in many journals. 

While there has been considerable concentration, with only a few countries (the USA, UK, Canada and 

Australia) and journals responsible for a disproportionately high number of contributions, there is also 

evidence of increasing globalisation of complexity science in healthcare literature over the years. 

Our findings indicate recent increases in empirical research and reviews, relative to non-empirical 

contributions, suggesting a move from the conceptual to the concrete with regard to understanding 

complexity in healthcare. A recent review by Thompson, Fazio [19] though, indicates that empirical 

work in health services research is often inconsistent and lacks sophistication in the use of complexity 

science methods; similarly, Brainard and Hunter [20] reviewed complexity-informed interventions and 

noted that there is often a poor operationalisation of complexity science principles. In this regard, our 
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own analysis of non-empirical research has identified a preponderance of broad conceptual discussions, 

rather than practical or methods articles of how to apply complexity science in healthcare. 

This bibliometric review further demonstrated that complexity science has permeated diverse contexts 

and topic areas within healthcare, being particularly prominent in articles on management, education, 

primary care and hospitals. Interest in research as well as change, improvement and implementation 

have emerged more recently. In regards to the former, the evolving trend for publishing articles about 

researching complexity in healthcare suggests increasing awareness of the need to operationalise 

complexity concepts. Meanwhile, for the latter, a nascent focus on change and improvement mirrors 

the formalisation of implementation science as a field.[e.g., 46] It is plausible that these will become 

more prominent target areas in the future for attention by complexity scientists. 

Although there was variation in the degree of influence these topics had, based on average citations, 

our network analysis demonstrated limited clustering according to theme, which suggests cross-

fertilisation of ideas across the broader body of work on complexity science in healthcare. At the same 

time, a number of early contributions on complexity science in healthcare have become widely-

recognised in the field as the most influential both in terms of their total citations and their consistent 

status as index references for other articles.[e.g., 5, 9, 10, 12]

Strengths and limitations 
The search strategy for this bibliometric analysis was based on that of a published review.[19] 

Furthermore, our inclusion criteria were designed to be as inclusive as possible, such as in recognising 

non-English language publications. Peer-reviewed journal articles are best suited to bibliometric and 

particularly citation analyses, rather than other academic outputs such as books, book chapters and 

reports, hence this being a requirement for inclusion in our review.[47, 48] While well-justified, our 

network analysis demonstrates the limits of this approach in that a substantial portion of index 

references identified were not included in our review, particularly a prominent book by Zimmerman, 

Lindberg [45] and Plsek’s appendix to an Institute of Medicine Report.[44] Despite this limitation, 

these contributions were included to some extent through our identification of index references. 

Furthermore, the citation analysis, as well as our focus on index references, has arguably better 

illustrated long-term impact than the emerging influence of new and up-and-coming work on 
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complexity science in healthcare, because the publication process can be lengthy, creating delays in the 

accumulation of citations.[49] Hence, more recent articles, which we have found influential in guiding 

our own research, such as those by Leykum, Lanham and their colleagues [e.g., 50, 51] may be 

revealed as more influential in the coming years. The use of “altmetrics” (e.g., social media mentions) 

in future bibliometric reviews could facilitate assessment of more immediate impact.[52] Lastly, some 

contributions influential in the field have straddled public health and social care, such as the work of 

Hawe [53] and Sterman,[54] and so were not included based on our search strategy and inclusion 

criteria. 

CONCLUSION
This study conducted a bibliometric analysis of the peer-reviewed literature in the evolving academic 

field of complexity science applied to healthcare. We identified a number of trends in where this work 

has been conducted and published. There were also clear shifts in the types of articles published over 

time, and their content. As a field, the application of complexity science to healthcare appears to be 

increasingly focused on doing complexity-informed research, rather than discussions of its conceptual 

and theoretical contours. Finally, we found substantial variation in the influence of this literature at 

article-level, and to a lesser extent by topic of focus.
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FIGURE LEGENDS
Figure 1. PRISMA flow diagram of search strategy

Figure 2. Global trends for publishing articles on complexity science applied to healthcare.

Figure 3. Trends over time in the types of articles published on complexity science applied to healthcare. 

Note data collected mid-2018.

Figure 4. Trend over time in the publications of complexity science applied to healthcare by topic theme.

Figure 5. Sociogram of index references for complexity science applied to healthcare.

Each circle (node) is representative of a research output. The size of node is indicative of in-degree (larger nodes 

indicate a higher number of references towards the output as an index). Colour of node is indicative of the topic 

theme. * indicates equal levels of in-degree for corresponding rank.
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Figure 1. PRISMA flow diagram of search strategy 

143x167mm (96 x 96 DPI) 

Page 25 of 57

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

 

Figure 2. Global trends for publishing articles on complexity science applied to healthcare. 
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Figure 3. Trends over time in the types of articles published on complexity science applied to healthcare. 
Note data collected mid-2018. 
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Figure 4. Trend over time in the publications of complexity science applied to healthcare by topic theme. 
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Figure 5. Sociogram of index references for complexity science applied to healthcare. 
Each circle (node) is representative of a research output. The size of node is indicative of in-degree (larger 
nodes indicate a higher number of references towards the output as an index). Colour of node is indicative 

of the topic theme. * indicates equal levels of in-degree for corresponding rank. 
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Appendix 1.

Source
Average 
citations per 
year

Country of 
corresponding 
author

Journal Empirical Healthcare context

Abbott, P. A., J. Foster, H. d. F. Marin and P. 
C. Dykes (2014) 10.75 USA International journal of 

medical informatics Empirical IT implementation

Afek, A., A. Meilik and Z. Rotstein (2009) 0.22 Israel Harefuah Non-empirical Management
Agyepong, I. A., A. Kodua, S. Adjei and T. 
Adam (2012) 8.83 Ghana Health policy and planning Empirical Health system - policy

Aherne, M. and J. Pereira (2005) 1.17 Canada Leadership in health services Non-empirical Health care policy - palliative 
care

Aita, V., H. McIlvain, E. Backer, K. McVea 
and B. Crabtree (2005) 5.92 USA Patient education and 

counseling Empirical Primary care - patient-practitioner 
communication

Albanese, M., G. Mejicano, G. Xakellis and 
P. Kokotailo (2009) 2.11 USA Academic medicine Non-empirical Health care systems

Allred, C. A., B. J. Burns and S. D. Phillips 
(2005) 1.69 USA

Administration and policy in 
mental health and mental 
health services research

Non-empirical Community mental health care - 
assertive community treatment

Anderson, C. A. and A. L. Whall (2011) 0.71 USA Journal of advanced nursing Non-empirical Nursing - research - agent based 
modelling

Anderson, R. A. and R. R. McDaniel (1999) 5.68 USA Health care management 
review Empirical Nursing home - nursing - decision 

making
Anderson, R. A. and R. R. McDaniel Jr 
(2000) 18.33 USA Health care management 

review Non-empirical Leadership and professionalism

Anderson, R. A., B. E. Crabtree, D. J. Steele 
and R. R. McDaniel (2005) 25.08 USA Qualitative health research Non-empirical Health care organisations

Anderson, R. A., C. A. Allred and F. A. 
Sloan (2003) 1.47 USA Health care management 

review Empirical
Hospital - management practice 
changes in light of ownership 
conversion

Anderson, R. A., D. E. Bailey, B. Wu, K. 
Corazzini, E. S. McConnell, N. M. Thygeson 
and S. L. Docherty (2015)

5.67 USA Advances in nursing science Non-empirical  Leadership – chronic illness

Anderson, R. A., K. Corazzini, K. Porter, K. 
Daily, R. R. McDaniel and C. Colon-Emeric 
(2012)

7.33 USA Implementation science Non-empirical Nursing homes

Anderson, R. A., K. N. Corazzini and R. R. 
McDaniel Jr (2004) 15.93 USA The gerontologist Empirical Nursing homes - job satisfaction
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Anderson, R. A., L. M. Issel and R. R. 
McDaniel (2003) 29.40 USA Nursing research Empirical Nursing home

Anthony, M. K., J. Kloos, P. Beam and K. 
Vidal (2018) 0 USA Journal of nursing care Non-empirical Hospital - nursing hand-off

Arndt, M. and B. Bigelow (2000) 4.11 USA Health care management 
review Non-empirical Management

Arruda, C., S. G. R. Lopes, M. H. A. d. L. 
Koerich, D. R. Winck, B. H. S. Meirelles and 
A. L. S. F. d. Mello (2015)

2.00 Brazil Escola anna nery Non-empirical Health care networks

Ashmos, D. P., J. W. Huonker and R. R. 
McDaniel (1998) 5.15 USA Health care management 

review Empirical Hospital – leadership

Atun, R. A., I. Kyratsis, G. Jelic, D. Rados-
Malicbegovic and I. Gurol-Urganci (2007) 7.73 United 

Kingdom Health policy and planning Empirical Primary care – reform

Augustinsson, S. and P. Petersson (2015) 1.67 Sweden Journal of research in 
nursing Empirical Hospital - nursing - discharge 

planning

Baghbanian, A. and G. Torkfar (2012) 1.33 Australia Australian health review Non-empirical Health system - economics and 
policy

Bailey, D. E., S. L. Docherty, J. A. Adams, 
D. L. Carthron, K. Corazzini, J. R. Day, E. 
Neglia, M. Thygeson and R. A. Anderson 
(2012)

5.00 USA Journal of healthcare 
leadership Non-empirical Leadership

Barasa, E. W., S. Molyneux, M. English and 
S. Cleary (2017) 12.00 Kenya Social science & medicine Empirical Hospitals - priority setting

Baskin, K., J. Goldstein and C. Lindberg 
(2000) 0.89 USA Physician executive Non-empirical Mergers

Beautement, P. and C. Broenner (2012) 0.29 United 
Kingdom

Journal of evaluation in 
clinical practice Non-empirical Health care practice

Bebber, R. and A. Liberman (2008) 0.20 USA International journal of 
public policy Non-empirical Hospital – bioterrorism

Bedin, D. M., H. B. Kochenborger Scarparo, 
H. A. Martinez and I. B. Matos (2014) 0 Brazil Saude e sociedade Non-empirical Management

Begun, J. W. and A. A. Kaissi (2005) 3.15 USA Journal of healthcare 
management Empirical Healthcare planning - 

leadership/management

Bell, I. R., M. Koithan and D. Pincus (2012) 6.67 USA Forschende 
komplementarmedizin Non-empirical Complementary medicine

Bennett, C. (2003) 0.13 Canada Healthcare papers Non-empirical Health care system – hospital
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Best, A., T. Greenhalgh, S. Lewis, J. E. Saul, 
S. Carroll and J. Bitz (2012) 40.67 Canada The milbank quarterly Review Health care system – 

transformation
Betancourt Betancourt, J. A. and R. M. 
Ramis Andalia (2010) 1.50 Cuba Revista cubana de salud 

pública Non-empirical Health and healthcare generally

Betancourt Bethencourt, J. A., F. Martínez 
Álvarez, M. Álvarez Escoda and E. Nicolau 
Pestano (2016)

0 Cuba Humanidades médicas Non-empirical Education

Betancourt Bethencourt, J. A., R. M. Ramis 
Andalia and M. Mirabal Nápoles (2014) 2.25 Cuba Revista cubana de salud 

pública Non-empirical Primary care – translation

Bircher, J. and E. G. Hahn (2017) 3.00 Switzerland Cureus Non-empirical Health and healthcare generally

Bleakley, A. (2006) 25.60 United 
Kingdom Medical education Non-empirical Education

Bleakley, A. (2006)a 4.33 United 
Kingdom

Journal of medicine and 
philosophy Non-empirical Hospital - operating theatre, 

teamwork

Bleakley, A. (2010) 9.38 United 
Kingdom

Journal of evaluation in 
clinical practice Non-empirical Education

Bloom, L. A. and B. S. Bloom (1999) 0.316 USA
International journal of 
technology assessment in 
health care

Non-empirical Decision making

Bogren, M. U., M. Berg, L. Edgren, E. van 
Teijlingen and H. Wigert (2016) 1.50 Sweden Sexual and reproductive 

healthcare Empirical Professionalism – midwifery

Boustani, M. A., A. Frame, S. Munger, P. 
Healey, J. Westlund, M. Farlow, A. Hake, M. 
G. Austrom, P. Shepard, C. Bubp, J. Azar, A. 
Nazir, N. Adams, N. L. Campbell, A. 
Chehresa and P. Dexter (2012)

1.33 USA Clinical interventions in 
aging Empirical Professional network - dementia 

care – improvement

Boustani, M. A., G. A. Sachs, C. A. Alder, S. 
Munger, C. C. Schubert, M. Guerriero 
Austrom, A. M. Hake, F. W. Unverzagt, M. 
Farlow, B. R. Matthews, A. J. Perkins, R. A. 
Beck and C. M. Callahan (2011)

14.50 USA Aging & mental health Empirical Primary care - dementia care

Boustani, M. A., S. Munger, R. Gulati, M. 
Vogel, R. A. Beck and C. M. Callahan 
(2010)

5.63 USA Clinical interventions in 
aging Non-empirical Implementation and system 

change

Boustani, M., C. Schubert and Y. Sennour 
(2007) 3.55 USA Clinical interventions in 

aging Non-empirical Primary health care - dementia
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Braa, J., O. Hanseth, A. Heywood, W. 
Mohammed and V. Shaw (2007) 35.64 Norway Mis quarterly Non-empirical

Information systems 
implementation in developing 
countries

Bradley, E. H., L. A. Curry, L. A. Taylor, S. 
W. Pallas, K. Talbert-Slagle, C. Yuan, A. 
Fox, D. Minhas, D. K. Ciccone, D. Berg and 
R. Perez-Escamilla (2012)

5.17 USA Bmj open Empirical Community/ family health -LMIC

Brainard, J. and P. R. Hunter (2016) 7.50 United 
Kingdom Implementation science Review Research -diverse

Brand, S. L., L. E. Fleming and K. M. Wyatt 
(2015) 0.33 United 

Kingdom The scientific world journal Non-empirical Health care organisations - 
workplace wellbeing 

Brannon, S. D., P. Kemper and T. Barry 
(2009) 1.00 USA Health care management 

review Empirical Management - health 
organisations

Brennan, C. (2016) 0 USA Plastic surgical nursing Non-empirical Leadership 

Breton, J. J. (1999) 0.37 Canada Canadian journal of 
psychiatry Non-empirical Mental health - health promotion

Bro, F. and J. Kragstrup (2003) 0.20 Denmark Scandinavian journal of 
primary health care Non-empirical Primary health care

Brooks, E. and R. Geyer (2012) 1.00 United 
Kingdom

Journal of evaluation in 
clinical practice Non-empirical Health system policy - drug 

advertising to consumers

Brown, C. A. (2006) 4.50 United 
Kingdom Disability and rehabilitation Non-empirical Rehabilitation - professionalism

Brown, C. A. and C. Richardson (2006) 3.67 United 
Kingdom European journal of pain Empirical MDT – pain

Browne, A. J., C. Varcoe, M. Ford-Gilboe, C. 
N. Wathen and E. R. Team (2015) 5.33 Canada International journal for 

equity in health Non-empirical Primary care – equity

Bujak, J. S. (1999) 0.63 USA Physician executive Non-empirical Leadership - culture - medicine

Bujak, J. S. (2003) 2.47 USA Frontiers of health service 
management Non-empirical Leadership

Bullas, S. and J. Bryant (2007) 0.82 United 
Kingdom

Studies in health information 
technology and informatics Non-empirical IT implementation

Bungay, V. and J. Stevenson (2013) 0.40 Canada Policy, politics, & nursing 
practice Empirical Nurse leaders - reform

Burke, J. P. and S. L. Pestotnik (1999) 0.74 USA Current opinion in infectious 
diseases Non-empirical Resistance
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For peer review only

Burman, C. J., M. Aphane and P. Delobelle 
(2015) 3.33 South Africa African journal of aids 

research Non-empirical Public health and health 
promotion - AIDS

Burman, C. J., M. Aphane, O. Mtapuri and P. 
Delobelle (2015) 2.33 South Africa Sahara-j: journal of social 

aspects of hiv/aids Non-empirical Health promotion - HIV 
prevention

Burns, J. P. (2001) 4.18 USA Journal of nursing 
administration Non-empirical Leadership

Butt, G., M. Markle-Reid and G. Browne 
(2008) 5.80 Canada International journal of 

integrated care Review Integrated care  - health and 
social service partnership

Buttigieg, S. C., V. Cassar and J. W. Scully 
(2013) 1.20 United 

Kingdom

Journal of health 
organization and 
management

Empirical Hospital, leadership, integrated 
care

Caffrey, L., C. Wolfe and C. McKevitt 
(2016) 4.00 United 

Kingdom
Health research policy and 
systems Empirical Health system - implementation 

and working with research
Callahan, C. M., M. A. Boustani, M. Weiner, 
R. A. Beck, L. R. Livin, J. J. Kellams, D. R. 
Willis and H. C. Hendrie (2011)

9.13 USA Aging & mental health Non-empirical Primary care - dementia 

Canals L, M. and R. Solís (2005) 0.85 Chile Revista médica de chile Non-empirical Medicine
Carlos, D. M., E. M. M. de Padua, L. M. P. 
da Silva, M. A. I. Silva, W. E. U. Marques, 
M. N. D. Leitao and M. D. C. Ferriani (2017)

1.00 Brazil Journal of clinical nursing Empirical Primary health care - family 
violence

Carney, T. J. and C. M. Shea (2017) 4.00 USA
Computational and 
mathematical methods in 
medicine

Non-empirical Public health - informatics

Chadwick, M. M. (2010) 3.88 USA Aorn journal Non-empirical Leadership - nursing
Chaffee, M. W. and M. M. McNeill (2007) 8.64 USA Nursing outlook Non-empirical Nursing
Chan, M. K., D. D. Meschino, D. Dath, J. 
Busari, J. D. Bohnen, L. M. Samson, A. 
Matlow and M. Sanchez-Mendiola (2016)

5.50 Canada Leadership in health services Non-empirical Education - medical - leadership

Chandler, J., J. Rycroft-Malone, C. Hawkes 
and J. Noyes (2016) 10.67 United 

Kingdom Journal of advanced nursing Empirical Health system - improvement and 
implementation

Checkland, K., I. McDermott, A. Coleman, 
L. Warwick-Giles, D. Bramwell, P. Allen 
and S. Peckham (2018)

0 United 
Kingdom

Public money & 
management Empirical Primary care - oversight, 

planning, management

Chen, D. T., P. H. Werhane and A. E. Mills 
(2007) 1.73 USA Critical care medicine Non-empirical Hospital - ICU/critical care 

medicine
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For peer review only

Chinnis, A. and K. R. White (1999) 1.26 USA Journal of emergency 
medicine Non-empirical Hospital - emergency department

Chou, S.-M. (2004) 0.07 China Hu li za zhi the journal of 
nursing Non-empirical Nursing

Christian, C. S. and N. Crisp (2012) 1.00 South Africa Development southern africa Empirical Public health
Chughtai, S. and K. Blanchet (2017) 5.00 Pakistan Health policy and planning Review Public health 
Ciemins, E. L., J. Brant, D. Kersten, E. 
Mullette and D. Dickerson (2016) 2.50 USA Journal of palliative 

medicine Empirical Palliative care - interdisciplinary 
team work

Clancy, T. R. (2014) 1.00 USA Journal of nursing 
administration Non-empirical Nursing - workflow

Clancy, T. R., C. White Delaney, B. 
Morrison and J. K. Gunn (2006) 3.50 USA Journal of nursing 

administration Non-empirical Nursing - documentation

Clarke, J. R. (2005) 1.62 USA Journal of the american 
college of surgeons Non-empirical Hospital - surgery - patient safety

Cloninger, C. R. (2013) 3.40 USA International journal of 
person centred medicine Non-empirical Health promotion - chronic 

disease - person-centred care
Cockings, J. G., D. A. Cook and R. K. Iqbal 
(2006) 2.42 United 

Kingdom Critical care Empirical Hospital - quality and 
surveillance

Colon-Emeric, C. S., D. Lekan-Rutledge, Q. 
Utley-Smith, N. Ammarell, D. Bailey, M. L. 
Piven, K. Corazzini and R. A. Anderson 
(2006)

3.25 USA Health care management 
review Empirical Nursing homes

Colon-Emeric, C. S., K. Corazzini, E. S. 
McConnell, W. Pan, M. Toles, R. Hall, M. P. 
Cary, M. Batchelor-Murphy, T. Yap, A. L. 
Anderson, A. Burd, S. Amarasekara and R. 
A. Anderson (2017)

2.00 USA Jama internal medicine Empirical Nursing homes

Colon-Emeric, C. S., N. Ammarell, C. 
Bailey, C. Kirsten, D. Lekan-Rutledge, M. 
Piven and R. Anderson (2005)

0.08 USA Journal of the american 
geriatrics society Unable to classify Nursing

Colon-Emeric, C. S., N. Ammarell, D. 
Bailey, K. Corazzini, D. Lekan-Rutledge, M. 
L. Piven, Q. Utley-Smith and R. A. Anderson 
(2006)

6.58 USA Qualitative health research Empirical Nursing home - communication 
between medicine-nursing

Cooper, A. and B. Wren (2012) 1.33 United 
Kingdom

Psychoanalytic 
psychotherapy Non-empirical Mental health
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For peer review only

Cooper, H. and E. Spencer-Dawe (2006) 7.75 United 
Kingdom Journal of integrated care Empirical Education - interprofessional

Cooper, H. and R. Geyer (2008) 3.30 United 
Kingdom Social science & medicine Non-empirical Education

Cooper, H. and R. Geyer (2009) 2.33 United 
Kingdom

Journal of evaluation in 
clinical practice Non-empirical Chronic disease management – 

diabetes

Cooper, H., E. Spencer-Dawe and E. McLean 
(2005) 10.15 United 

Kingdom
Journal of interprofessional 
care Empirical

Education - medicine, nursing, 
physiotherapy, OT 
undergraduates

Copelli, F. H. d. S., R. J. T. d. Oliveira, C. M. 
S. d. Oliveira, B. H. S. Meirelles, A. L. S. F. 
d. Mello and A. L. P. Magalhães (2016)

1.50 Brazil Aquichan Review Nursing - leadership

Copnell, B. (1998) 1.00 Australia Journal of advanced nursing Non-empirical Nursing - nursing knowledge
Coppa, D. F. (1993) 1.84 USA Journal of advanced nursing Non-empirical Nursing

Cornforth, A. (2013) 1.60 United 
Kingdom British journal of nursing Non-empirical Primary care - self-management – 

COPD

Crabtree, B. F. (2003) 3.13 USA Health care management 
review Non-empirical Primary care

Crabtree, B. F., P. A. Nutting, W. L. Miller, 
R. R. McDaniel, K. C. Stange, C. R. Jaen and 
E. Stewart (2011)

17.57 USA Medical care Non-empirical Primary care -
change/improvement

Crabtree, B. F., W. L. Miller and K. C. 
Stange (2001) 9.53 USA Journal of family practice Empirical Primary care

Cruz, R. A., E. L. Araujo, N. M. Nascimento, 
R. J. Lima, J. R. Franca and J. D. Oliveira 
(2017)

1.00 Brazil Revista brasileira de 
enfermagem Unable to classify Nursing - education

Cucolo, D. F. and M. G. Perroca (2015) 3.67 Brazil Acta paulista de enfermagem Empirical Nursing

Curtis, S. and M. Riva (2010) 8.63 United 
Kingdom

Progress in human 
geography Non-empirical Human geography and health 

systems

Curtis, S. and M. Riva (2010)a 4.63 United 
Kingdom

Progress in human 
geography Non-empirical Human geography and health 

systems and policy
Curtis, S., K. Oven, J. Wistow, C. Dunn and 
L. Dominelli (2018) 3.00 United 

Kingdom
Environment and planning c: 
politics and space Empirical Aged - health and social care

da Silva, A. L. and M. G. de Freitas (2010) 0.50 Brazil Revista da escola de 
enfermagem da usp Empirical Education

D'Agata, A. L. and J. M. McGrath (2016) 2.50 USA Advances in nursing science Non-empirical Hospital - neonatal ICU
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For peer review only

Dattee, B. and J. Barlow (2010) 4.50 United 
Kingdom

Journal of health services 
research and policy Empirical Whole system change

Dattee, B. and J. Barlow (2017) 1.00 France Organization science Empirical Healthcare system

Davis, B. and D. Sumara (2010) 9.25 Canada Journal of evaluation in 
clinical practice Non-empirical Research - education

de Bock, B. A., D. L. Willems and H. C. 
Weinstein (2018) 1.00 The 

Netherlands
Journal of evaluation in 
clinical practice Empirical Hospital - ICU, decision making

De Simone, J. (2006) 2.33 Italy Journal of evaluation in 
clinical practice Non-empirical Evidence-based medicine

De Vito, E. L. (2016) 0 Argentina Medicina Non-empirical Medicine

de Zulueta, P. C. (2016) 9.50 United 
Kingdom

Journal of healthcare 
leadership Non-empirical Leadership - compassionate 

leadership
deMattos, P. C., D. M. Miller and E. H. Park 
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ABSTRACT

Objectives
To analyse trends in the academic literature applying complexity science to healthcare, focusing 

specifically on bibliometric characteristics and indicators of influence.

Design
This study reports a bibliometric analysis via a systematic search of the academic literature applying 

complexity science to healthcare.

Method
A search of four academic databases was performed on 19 April 2018. Articles details were 

downloaded and screened against inclusion criteria (peer-reviewed journal articles applying 

complexity science to healthcare). Publication and content data were then collected from included 

articles, with analysis focusing on trends over time in the types and topics of articles, and where 

they are published. We also analysed the influence of this body of work through citation and 

network analyses.

Results 
Articles on complexity science in healthcare were published in 268 journals, though a much smaller 

subset were responsible for a substantial proportion of this literature. The United States contributed 

the largest number of articles, followed by the United Kingdom, Canada, and Australia. Over time, 

the number of empirical and review articles increased, relative to non-empirical contributions. 

However, in general, non-empirical literature were more influential, with a series of introductory 

conceptual papers being the most influential based on both overall citations and their use as index 

references within a citation network. The most common topics of focus were health systems and 

organisations generally, and education, with recent uptake in research, policy, and change and 

improvement. 

Conclusions
This study identified changes in the types of articles on complexity science in healthcare published 

over time, and their content. There was evidence to suggest a shift from conceptual work to the 

application of concrete improvement strategies and increasingly in-depth examination of complex 

healthcare systems. We also identified variation in the influence of this literature at article-level, 

and to a lesser extent by topic of focus.

Key words
Complexity science, Healthcare, Bibliometrics, Review, Complex adaptive systems, Health care
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ARTICLE SUMMARY

Strengths and limitations of this study
- Use of an inclusive search strategy based on previously published reviews and including 

non-empirical and non-English language articles. 

- Articles coded by multiple coders into topic themes to determine popular and emerging 

areas of interest for complexity science in healthcare. 

- A focus on citations and index references as a proxy for influence; citation analysis tends to 

prioritise older contributions that have had more time to accumulate cites.

- Inclusion of only peer-reviewed articles, minimizing the potential influence of some 

prominent non-peer-reviewed contributions.
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The influence of complexity: A bibliometric analysis of complexity science in 

healthcare

BACKGROUND
Complexity science provides a way of understanding nonlinearity, in which causation is 

problematic and multi-faceted, and emergent behaviours are the norm.[1] It developed out of 

diverse academic traditions, including computer science, physics, sociology, anthropology, 

economics and mathematics. Different systems can be understood using the complexity paradigm—

it finds commonalities and patterns in the behaviour of systems comprised of very different agents 

(ants, cells, humans, societies, species, bacteria), often labelled via a convenient phrase: complex 

adaptive systems (CASs).[2] Such systems were initially recognised for displaying “weird”, chaotic 

and dynamic behaviours; thus, chaos theory was developed to explain such phenomenon. However, 

a focus only on chaos failed to account for why complex systems also often exhibit degrees of 

homeostasis—that is, they are somehow balanced between the chaotic and unpredictable on the one 

hand, and the orderly and predictable on the other—for the most part, most of the time.[3] 

Complexity science provides an understanding of systems that are between phase transitions and are 

often found just “at the edge of chaos”.[3, 1]

The study of complexity challenges traditional approaches to science that favour a controlled view 

of the world, where variables are held constant and where outcomes are predictable because causes 

and effects are related, and construed as linear arrangements.[4] CASs are not well-explained 

through studies that aim for such reduction, decomposition and cause-effect logic, breaking 

problems down into manageable parts and studying these components individually in an attempt to 

understand the whole.[5] In short, CASs are different from, and more than the sum of their parts.

Complexity science has pervaded many disciplines, making its way, for example, into the social 

sciences and the study of human systems and organisations.[6, 1] The adoption of complexity 

science principles has been particularly notable in health-related fields, with healthcare systems 

worldwide recognised as excellent examples of CASs because of the diverse array of agents 

involved (doctors, patients, nurses, consumer groups, politicians, non-government organisations) 

and the enormous number of interactions among them.[7, 8] This work gained momentum at the 

beginning of this century, with the publication of a number of conceptual contributions discussing 

the application of complexity science principles in areas of healthcare like clinical practice,[9] 

education,[10] and healthcare management.[11, 12] Since this time, the potential of complexity 

science in understanding and tackling some of the otherwise intractable challenges of delivering 
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healthcare—including patient safety,[13] interprofessional collaboration,[14] sustained 

improvement,[15] and managing uncertainty [16]—has been considered. Empirical studies applying 

the principles of complexity science to healthcare have also proliferated. Almost two decades ago, 

Anderson and McDaniel [17] used complexity theory to understand nurses’ decision-making in 

nursing homes in the United States. Much more recently, Barasa, Molyneux [18] examined 

hospitals as CASs in their case study of financing decisions in Kenya. 

There are signs that literature on complexity science in healthcare is approaching maturity, with 

literature reviews of the empirical research now being undertaken,[19] especially in the context of 

health services interventions,[20] as well as publication of a systematic review of empirical and 

non-empirical complexity ideas.[21] As a complement to these contributions, now is an appropriate 

time to examine the influence and spread of this literature in greater prevision. Towards this end, 

bibliometrics is an approach that looks at publication patterns in an area of research literature, 

including trends over time and globally, and the influence of articles, and the authors and journals 

publishing such works, indicated by citations.

Aim
This study aimed to analyse trends in the academic literature on applying complexity science to 

healthcare, focusing specifically on bibliometric characteristics. We also analysed the influence of 

this body of work through citation and network analyses.

METHOD 

Systematic search of the literature

Databases
On the 19 April 2018, the Cochrane Database of Systematic Reviews, CINAHL, EMBASE, and all 

databases of Web of Science, which includes MEDLINE, were searched using keywords 

documented below. The general search strategy was based on that taken by Thompson et al.,[19] 

with a range of search terms associated with complexity theory used to account for broad indexing. 

This included “chaos theory”, because complexity is often described as developing out of,[1] as 

well as encompassing the more specific concept of, chaos.[22] Keywords related to healthcare and 

health systems were also searched. No date restrictions were used. An example of the search 

strategy for Web of Science is in Appendix 1.

Keywords
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1.  “Complexity theory” OR “complexity science” OR “complex adaptive system” OR 

“complexity thinking” OR “complex responsive process theory” OR “chaos theory”

2. healthcare OR “health care” OR “health-care” OR hospital OR “health facilit*” OR “acute 

care” OR “health organi*” OR “health system” OR “primary care” OR “general practice” 

OR “aged care” OR “nurs* home OR medic* OR clinic* OR nurs* OR health

Citations returned from these searches were downloaded into the reference management software 

Endnote, and duplicates were removed. References were then exported to a Microsoft Excel 

spreadsheet for screening. Articles were reviewed against inclusion criteria and exclusion criteria by 

the first author, with a consistency check on 5% of the references performed by a second author 

following accepted practices.[23] References meeting inclusion criteria were classified for 

bibliometric analysis.

Inclusion and exclusion criteria 
Because we were looking at influence, empirical and non-empirical papers (e.g., commentaries, 

conceptual papers and reviews) published in peer-reviewed academic journals and applying 

complexity science to healthcare were included in the analysis. We defined healthcare broadly to 

include not only the professionals involved (e.g., nurses, doctors, administrators) and sites of 

healthcare delivery (e.g., hospitals, nursing homes), but also education, policy, processes and ethical 

or research issues related to healthcare. Health promotion and public health articles were initially 

retained for full-text screening. However, they were ultimately only included if they discussed 

healthcare sites, professions or aspects of care delivery, rather than, for example, population-based 

health promotion interventions and issues. 

Letters to the editor and editorial papers that only described the contents of an issue were excluded, 

because they were not thought to sufficiently contribute to the spread of complexity ideas within 

healthcare. Books, book chapters and conference proceedings were also excluded because 

bibliometric data is often not available or incomplete for such publications. Articles that were not 

originally published in English but provided an English-language abstract were included in the 

bibliometric review if, based on this information, they were found to meet all of the inclusion 

criteria and none of the exclusion criteria. 

Bibliometric analysis

Stage one: Review of article publication data 
First bibliometric data on the article, including the year of publication, the journal in which it was 

published, the corresponding author and their country of residence, were captured from the full-text, 
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or the journal or indexing database where full-text was unavailable (either inaccessible to the 

authors or not available in English). 

Stage two: Review of article content
Articles were then classified in greater detail according to their content, including type of article and 

focus. This involved classifying articles as empirical or non-empirical. The empirical papers were 

further categorized according to their use of complexity science (e.g., the covered aspects of 

prediction, conceptual framework, data analysis, or interpretation of findings) following the schema 

of Thompson et al.[19] Non-empirical papers were classified as: commentaries and editorials, 

conceptual discussions, conceptual case studies, and protocols. Reviews were also included and 

classified. 

Two of the authors (KC and CP) performed a content analysis on the main focus(es) of all the 

included articles. This involved inductive descriptive coding of each paper, then comparisons, 

modifications and expansions of codes to identify the most common topic themes in the literature 

applying complexity science to healthcare. Generally, details in the abstract and title, in addition to 

database indexing information, were sufficient to classify whether an article was empirical or non-

empirical, and also its main focus. However, some articles did not have an abstract, or the abstract 

detail was insufficient. Full-text review was conducted during this stage (where full-text was 

available in English) to ensure the most accurate classification.

Stage three: Analysis of influence
The number of citations an article had received over time was used to calculate influence, with 

citations collected from Google Scholar in July 2018. We also examined influence by identifying 

one or more “index” reference(s) for each of the full-text articles reviewed.1 An index was defined 

as the most influential, prominent or leading reference(s) cited by an included article that also 

focused on complexity science within healthcare (as compared with complexity science in biology, 

management or generally). However, unlike papers in this review, an index reference need not be a 

peer-reviewed publication; this criterion allowed us to consider influence from other sorts of 

academic outputs. Where possible, we identified an index reference based on attribution by the 

authors of that paper, for example, a statement like: “In his appendix to Crossing the Quality 

Chasm,12 Plsek13 suggests that, rather than using the principles of mechanical systems to try to 

improve health care, innovators should employ the principles of complex adaptive systems”.[24, p. 

1 Where full-text was available (n=377)
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17] However, in the absence of an explicit statement to this effect, we took the first reference(s) 

cited when introducing the notion of complexity science applied to healthcare. Some articles 

included did not have index references, and others were unable to be searched (i.e., full-text not 

available). 

Index references and their citing articles were used in a network analysis, visually constructed in 

Gephi, version 0.9.2. Network analysis uses graph theory to map and measure relationships among 

nodes.[25] In this case, the nodes in the network were the articles in the review as well as any index 

reference(s) they cited, while relationships were directional tie(s) to an index reference (e.g. articles 

X cited article Y as an index reference). Articles that did not cite an index reference, and were not 

themselves used as an index reference for another article (i.e., an isolate), were removed from the 

network analysis, on the basis that they did not contribute to understanding influence. In visualizing 

the network, the main topic theme of the research output was used to differentiate different 

categories of articles and identify any possible clustering, as well as distinguish influential index 

references that were not captured by our review strategy. The most influential academic outputs in 

the network were assessed using in-degree calculation (the number of inward directed ties to a node 

i.e., the number of times an index reference was cited by other articles).

Patient and public involvement
Neither patients nor members of the public were involved in this study.

RESULTS
A total of 2,505 articles were returned from searches across the four databases and downloaded into 

Endnote X8. Following removal of duplicates, citation details (n=2,382) were exported to Microsoft 

Excel for screening of their titles and abstracts against inclusion criteria by the first author. To 

ensure the criteria were clear and could be applied consistently, a second author (LAE) screened a 

subset (5%) of the library. Interrater reliability (Cohen’s kappa) between the two authors indicated 

almost perfect agreement (κ=0.88).[26] Five-hundred and forty-seven references were retained, 

though a further 93 were excluded at stages one and two of data analysis because, upon review, they 

did not meet inclusion criteria (reasons documented in Table 1). This left 454 articles that were 

subjected to the bibliometric analysis. Figure 1 presents the search strategy.

INSERT FIGURE 1 HERE
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Table 1. Reasons for exclusion at full text stage.

1 Rouse, W. B. (2000). Managing complexity: disease control as a complex adaptive system. Information 

Knowledge Systems Management, 2(2), 143-165 was published in a now discontinued journal. Citation 

data unavailable in Google Scholar, precluding bibliometric analysis.

Of the 454 articles considered eligible for inclusion, the research team was able to access full-text in 

English for 379 articles, permitting a more detailed and accurate classification of content. The 

remaining 75 articles included in the bibliometric analysis were comprised of 49 articles in English-

language journals where full-text was inaccessible, and 26 where full-text was not available in 

English. See Appendix 2 for summary of data extraction. 

Stage one results: Article publication data
The 454 included articles came from 268 different journals, which were primarily health-focused, 

but varied in scope. Table 2 displays the journals publishing the highest number of articles in the 

field. The journal publishing the most articles on complexity science applied to healthcare was the 

Journal of Evaluation in Clinical Practice (n=24), followed by Health Care Management Review 

(n=18), and Social Science & Medicine (n=11). 

Table 2. Top 13 journals publishing articles on complexity science applied to healthcare

Top journals publishing on complexity science in 

healthcare
Number of articles

Journal of Evaluation in Clinical Practice 24

Health Care Management Review 18

Social Science & Medicine 11

BMC Health Services Research 8

Implementation Science 8

Journal of Advanced Nursing 8

Medical Education 8

Annals of Family Medicine 6

Academic Medicine 5

BMJ 5

Reason for exclusion Number of articles

Not about complexity science 12

Not in healthcare 31

Not a peer-reviewed academic journal article 49

Article information unable to be found1 1

Total 93
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International Journal of Integrated Care 5

Journal of Interprofessional Care 5

Journal of Nursing Administration 5

Using the corresponding author’s affiliation as an indicator, we determined that articles applying 

complexity science principles to healthcare came from 33 countries. The United States of America 

(n=199, 43.8%), the United Kingdom (n=82, 18.1%), Canada (n=49, 10.8%) and Australia (n=23, 

5.1%) accounted for nearly three-quarters of the included papers, as can be seen from Figure 2. 

Other countries contributing substantially were the Netherlands (n=12, 2.6%) and Brazil (n=17, 

3.7%); for Brazil, this included 11 (2.4%) papers published in non-English language journals. 

Despite the concentration of articles among only a few countries, there was evidence for increasing 

globalisation over time: prior to 2003, the only countries publishing literature on complexity science 

applied to healthcare were the UK, USA, Canada and Australia, while in 2017-2018 articles came 

from 16 different countries. These included, for the first time, France, Pakistan, Serbia, Spain, and 

Switzerland.

INSERT FIGURE 2 HERE

Stage two results: Article content
The majority of the literature (n=277, 62.8%)2 applying complexity science to healthcare has been 

non-empirical. Of these, most (n=178) were conceptual discussions of the relevance of complexity 

science to aspects of healthcare. For example, Fenwick and Dahlgren [27] considered how 

complexity principles like emergence and self-organisation apply to simulation-based education in 

medicine, while Litaker, Tomolo [28] advanced the approach for understanding variation in primary 

care and developing flexible improvement initiatives. Other types of non-empirical articles included 

conceptual case-studies (n=39) where discussions of complexity science to healthcare were further 

concretised by real-world examples often based on the authors’ prior research [e.g., 29, 30]; 

methodological and practical articles (n=23) focused on methods, models and frameworks to apply 

complexity science in healthcare [e.g., 31, 32]; shorter, more opinion-based commentaries and 

editorials (n=18); unstructured and narrative reviews (n=12), and protocol papers (n=7).

While there were less empirical contributions (n=149, 33.9%), their publication increased over 

time, especially over the last five years. These empirical articles predominantly employed 

2 N=13 unable to be classified because full-text was inaccessible and there was insufficient information in the abstract. 
Percentage calculated on the 441 articles able to be classified.
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complexity science as a conceptual framework (n=109), meaning the theory was introduced early in 

the article to make sense of the problem at hand. Oyeleye, Hanson [33], in this vein, situated their 

quantitative study of nurses’ burnout and experiences of workplace incivility within a complex 

adaptive systems framework, noting the paradigms appreciation of individuals’ interactions and 

interconnections, which give rise to unpredictability. In another example, Ssengooba, McPake [34] 

used a complexity lens in a case study examining the failure of performance-based payment in 

Uganda, to understand the emergence of new behaviours and adaptation of the healthcare system. 

To a lesser extent, empirical papers used complexity science for data collection (n=4) or analysis 

(n=12) where they explicitly linked their design and methods to complexity science principles. For 

example, Crabtree, Miller [35] made changes to their study design in order to identify attractors, 

based on an emerging hypothesis of primary care practices functioning like complex systems. 

Finally, 22 empirical studies used complexity science in a more comprehensive way in the 

interpretation of the findings of their research.3[e.g., 36] 

As well as empirical and non-empirical articles, publication of structured and systematic reviews 

(n=15, 3.4%) that either explicitly reviewed complexity science in healthcare [e.g., 37, 20, 19] or 

used these principles as a lens or framework for their review [e.g., 38, 39] also increased over the 

last decade. These trends are captured in Figure 3.

INSERT FIGURE 3 HERE

Delving deeper into the content of these articles, we coded the main focus(es) of each of the articles 

included in the review, then developed broader categories representing common topic themes for 

complexity science applied to healthcare. Multiple topic themes were often evident in a single 

article, so themes are not mutually exclusive. These topic themes are displayed in Table 3. The most 

common topic themes involved a focus on healthcare settings (especially primary care and 

hospitals), followed by health systems and organisations generally, healthcare professionals 

(particularly nursing and medicine), and education. Furthermore, while healthcare professionals, 

and education were early topics for complexity science in healthcare, it was not until 2006 that 

these principles were taken up in articles focused on change, improvement and implementation, 

research and policy (see Figure 4).

Table 3. Topic themes for articles on complexity science applied to healthcare.

Topic themes Number of articles1 Citations per year

Management and leadership 49 4.0

3 Full-text unavailable for two empirical articles. There was not enough detail in the title and abstract to determine the 
use of complexity science.

Page 11 of 61

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

12

Education 59 5.9

Teamwork, collaboration and care coordination 31 4.8

Health systems and organisations generally 76 6.0

Public health and health promotion 31 4.4

Safety, quality and performance 22 2.4

Change, improvement and implementation 39 5.1

Research 14 4.7

Healthcare policy 10 2.3

Health settings 146 3.4

- aged and nursing care 21 5.7

- ambulatory care 2 0.8

- chronic care 9 4.3

- hospital 53 2.7

- mental health 6 1.9

- paediatrics 3 3.9

- palliative care 4 1.3

- primary care 48 6.4

Healthcare professionals 71 3.6

- allied health 2 0.3

- medicine 19 7.3

- nursing and midwifery 44 2.7

- general 6 4.0

Other 33 3.5
1 Topic themes are not mutually exclusive, except within subthemes of health settings and healthcare 

professionals.

INSERT FIGURE 4 HERE

Stage three results: Examination of influence

Citation analysis
Influence was calculated using the number of citations each article received averaged by the number 

of years elapsed since publication. For the field, this amounted to an overall average of 4.9 citations 

a year per article, although there was high degree of skewedness (Mdn= 2.5, Min=0, Max=110.1).4 

At article-level, influence was considered separately for empirical and non-empirical contributions, 

which included structured reviews. As can be seen in Table 4, generally, non-empirical articles 

4 Articles published in 2018 not included in calculation. 
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were more influential than empirical ones. The most influential article by a substantial margin was 

the conceptual discussion by Plsek and Greenhalgh,[5] published in 2001 in the BMJ, to introduce a 

series of papers on complexity in healthcare; numerous other papers in this series also featured in 

the top 10. A brief description of the main focus of each paper, which was used as the basis for 

developing topic themes, is present in Table 4. For non-empirical articles, the focus tended to be 

broader and there were a number of common themes, including application of complexity science to 

healthcare generally,[5] clinical practice,[40, 9] and education.[41] The empirical articles were 

however more varied and specific in focus, though nursing homes and primary care were common 

areas of interest. Influence was also examined according to the topic themes identified in stage two; 

based on this analysis, we found that articles focusing on complexity science specifically in relation 

to medical professionals were most influential, followed by articles in the primary care setting and 

considering health systems and organisations generally (Table 3). 

Network analysis of index references
The influence of included articles and other research outputs on complexity science applied to 

healthcare was further investigated in the network analysis of index references, depicted in the 

sociogram in Figure 5. The network consisted of 514 nodes (i.e., academic outputs) and 657 

directional ties (which output cited another output as an index reference). Of these nodes, 276 

(53.7%) were used as an index reference by at least one other research output in this network 

(indegree >0). The nodes with the highest in-degree are listed in Table 5. The most influential node 

in the network was the article by Plsek and Greenhalgh,[5] which was cited as an index reference 

for complexity science in healthcare by 71 other articles in the review. Visualisation revealed an 

absence of clustering by topic theme; that is, rather than seeing index referencing only between 

research outputs that explore similar ideas (e.g. management only uses other management outputs 

as index references), there were connections among the different topic themes. Finally, there were 

183 outputs (35.6%) used as index references that had not been included in our review.  
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Table 4. Most influential empirical and non-empirical articles on complexity science applied to healthcare.

Empirical article

Citations 

per year

Main focus 

description

Non-empirical and review 

articles

Citations 

per year

Main focus 

description

Anderson, Issel [42] 29.4 nursing home Plsek and Greenhalgh [5] 110.1
healthcare - 

general

O'Sullivan, Kuziemsky [43] 22.6

public health - 

health promotion in 

disaster

Fraser and Greenhalgh [10] 50.6 education

Hanseth, Jacucci [44] 21.8 hospital – EHR/IT Plsek and Wilson [12] 41.4 leadership

Monrouxe, Rees [45] 18.4
education - 

medicine
Best, Greenhalgh [38] 40.7

healthcare 

system - 

transformation

Oyeleye, Hanson [46] 16.8
nursing - workplace 

bullying
Goldberger [47] 39.6 clinical practice

Anderson, Corazzini [48] 15.9
nursing homes - job 

satisfaction
Braa, Hanseth [49] 35.6

EHR/IT - 

developing 

countries

Ssengooba, McPake [34] 15.5
performance targets 

- health systems
Wilson, Holt [9] 28.1

clinical - 

general

Miller, McDaniel [50] 14.8 primary care Frye and Hemmer [51] 28.0 education

Boustani, Sachs [52] 14.5
primary care - 

dementia care
Bleakley [53] 25. 7 education

Provost, Lanham [13] 14.0
collaboration and 

teamwork - safety
Anderson, Crabtree [31] 25.1

healthcare 

organisations
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INSERT FIGURE 5 HERE

Table 5. In-Degree

Most popular index references in network In-degree Topic theme of complexity

1 Plsek, P. E. and T. Greenhalgh [5] 71 Health systems and organisations

2 IOM and P. E. Plsek [54]  25 Not in review

2* Plsek, P. E. and T. Wilson [12] 25 Management/leadership

3 Wilson, T., T. Holt and T. Greenhalgh [9] 19 Healthcare setting

3* Zimmerman, B., C. Lindberg, and P. Plsek [55] 19 Not in review

4 Fraser, S. W. and T. Greenhalgh [10] 18 Education

* indicates equal levels of in-degree. 

DISCUSSION
Complexity science has brought a radical shift in how we think about many of the dynamic 

relationships and systems present in our world, with healthcare being no exception. This 

bibliometric review of complexity science in healthcare has identified a number of trends in the 

types of articles published over time, and the influence of this body of work. It has documented 

increasing use of a complex systems lens to describe, understand and study aspects of healthcare 

over the past two and a half decades, with literature emanating from numerous countries and being 

published in many journals. There has been considerable concentration, with only a few countries 

(the USA, UK, Canada and Australia) and journals responsible for a disproportionately high 

number of contributions; indeed, the way articles are spread across countries shows a feature of 

complexity in that it approximates a power law distribution.[56] At the same time, there is evidence 

of increasing globalisation of complexity science in healthcare literature over the years. 

Our findings indicate increases in empirical research and reviews, relative to non-empirical 

contributions, suggesting a move from the conceptual to the concrete with regard to understanding 

complexity in healthcare. A recent review by Thompson, Fazio [19] though, indicates that empirical 

work in health services research is often inconsistent and lacks sophistication in the use of 

complexity science methods; similarly, Brainard and Hunter [20] reviewed complexity-informed 

interventions and noted that there is often a poor operationalisation of complexity science 

principles. In this regard, our own analysis of non-empirical research has identified a preponderance 

of broad conceptual discussions, rather than practical or methods articles of how to apply 

complexity science in healthcare. Likewise, empirical contributions largely used complexity science 
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to situate their research problem but were less inclined to draw on its tenets in their study design 

and method.  

This bibliometric review further demonstrated that complexity science has permeated diverse 

contexts and topic areas within healthcare, being particularly prominent in articles on management, 

education, primary care and hospitals. Interest in research as well as change, improvement and 

implementation have emerged more recently. In regards to the former, the evolving trend for 

publishing articles about researching complexity in healthcare suggests increasing awareness of the 

need to operationalise complexity concepts. Meanwhile, for the latter, a nascent focus on change 

and improvement mirrors the formalisation of implementation science as a field.[e.g., 57] It is 

plausible that these will become more prominent target areas in the future for attention by 

complexity scientists. 

Although there was variation in the degree of influence these topics had, based on average citations, 

our network analysis demonstrated limited clustering according to theme, which suggests cross-

fertilisation of ideas across the broader body of work on complexity science in healthcare. At the 

same time, a number of early contributions on complexity science in healthcare have become 

widely-recognised in the field as the most influential both in terms of their total citations and their 

consistent status as index references for other articles.[e.g., 5, 10, 12, 9]

Underscoring the issues this review has identified, in their recent introduction to a series on 

complexity in medicine and healthcare, Greenhalgh and Papoutsi [58] argued that despite the 

proliferation of complexity-informed research, this work has been largely superficial. The radical 

departure the complexity paradigm was thought to represent in the early 2000s, when the evidently 

seminal BMJ series was published, has not been carried through in research. The approaches of 

conventional science—prediction and controlled experiments—are not appropriate for studying 

complexity but are still often used. Going forward, in-depth, mixed-method case studies and 

ethnography, which can understand context and the interconnectedness of system components, are 

required, as are new criteria for assessing the quality of complexity-focused research.[58]

Strengths and limitations 
The search strategy for this bibliometric analysis was based on that of a published review.[19] 

However, there might be other terms used to denote a complexity-focused articles other than those 

utilised here; for example, our search did not capture a study of complexity in patient-doctor 

interactions by Katerndahl and Parchman [59], likely because of their preference for the term 
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“dynamic” and mention of a specific complexity analysis method (orbital dynamics). Therefore, 

future reviews of complexity should consider this issue in deriving search terms. Our inclusion 

criteria were designed to be as inclusive as possible, such as in recognising non-English language 

publications. Peer-reviewed journal articles are best suited to bibliometric and particularly citation 

analyses, rather than other academic outputs such as books, book chapters and reports, hence this 

being a requirement for inclusion in our review.[60, 61] While well-justified, our network analysis 

demonstrates the limits of this approach in that a substantial portion of index references identified 

were not included in our review, particularly a prominent book by Zimmerman, Lindberg [55] and 

Plsek’s appendix to an Institute of Medicine Report.[54] Despite this limitation, these contributions 

were included to some extent through our identification of index references. 

Furthermore, the citation analysis, as well as our focus on index references, has arguably better 

illustrated long-term impact than the emerging influence of new and up-and-coming work on 

complexity science in healthcare, because the publication process can be lengthy, creating delays in 

the accumulation of citations.[62] Hence, more recent articles, which we have found influential in 

guiding our own research, such as those by Leykum, Lanham and their colleagues [e.g., 30, 63] may 

be revealed as more influential in the coming years. The use of “altmetrics” (e.g., social media 

mentions) in future bibliometric reviews could facilitate assessment of more immediate impact.[64] 

Lastly, some contributions influential in the field have straddled public health and social care, such 

as the work of Hawe [65] and Sterman,[66] and so were not included based on our search strategy 

and inclusion criteria. 

CONCLUSION
This study conducted a bibliometric analysis of the peer-reviewed literature in the evolving 

academic field of complexity science applied to healthcare. We identified a number of trends in 

where this work has been conducted and published, including that there is sustained and increasing 

interest in complexity science, with evident spread of ideas globally and into specific topic areas. 

There were also clear shifts in the types of articles published over time, and their content. As a field, 

the application of complexity science to healthcare appears to be increasingly focused on doing 

complexity-informed research, rather than discussions of its conceptual and theoretical contours. 

Finally, we found substantial variation in the influence of this literature at article-level, and to a 

lesser extent by topic of focus.
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FIGURE LEGENDS
Figure 1. PRISMA flow diagram of search strategy

Figure 2. Global trends for publishing articles on complexity science applied to healthcare.

Figure 3. Trends over time in the types of articles published on complexity science applied to 

healthcare. Note data collected mid-2018.

Figure 4. Trend over time in the publications of complexity science applied to healthcare by topic 

theme.

Figure 5. Sociogram of index references for complexity science applied to healthcare.

Each circle (node) is representative of a research output. The size of node is indicative of in-degree (larger 

nodes indicate a higher number of references towards the output as an index). Colour of node is indicative of 

the topic theme. * indicates equal levels of in-degree for corresponding rank.
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Figure 1. PRISMA flow diagram of search strategy 
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Figure 2. Global trends for publishing articles on complexity science applied to healthcare. 
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Figure 3. Trends over time in the types of articles published on complexity science applied to healthcare. 
Note data collected mid-2018 
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Figure 4. Trend over time in the publications of complexity science applied to healthcare by topic theme. 
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Figure 5. Sociogram of index references for complexity science applied to healthcare. 
Each circle (node) is representative of a research output. The size of node is indicative of in-degree (larger 
nodes indicate a higher number of references towards the output as an index). Colour of node is indicative 

of the topic theme. * indicates equal levels of in-degree for corresponding rank. 
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Appendix 1. 

Database: Web of Science All Databases  

Includes Web of Science Core Collection, BIOSIS Citation Index, Current Contents Connect, 

Inspec®, KCI-Korean Journal Database, MEDLINE®, Russian Science Citation Index, 

SciELO Citation Index, Zoological Record  

1864-Present 

Search using TS=topic search (Title, Abstract, Author Keywords, Keywords Plus®) 

__________________________________________________________________________ 

1. TS=(healthcare OR “health care” OR “health-care” OR hospital OR “health facilit*” 

OR “acute care” OR “health organi*” OR “health system” OR “primary care” OR 

“general practice” OR “aged care” OR “nurs* home” OR medic* OR clinic* OR 

nurs* OR health) 

2. TS=(“Complexity theory” OR “complexity science” OR “complex adaptive system” 

OR “complexity thinking” OR “complex responsive process theory” OR “chaos 

theory”) 

3. 1 and 2 
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Appendix 2. 

Source 
Average 
citations per 
year 

Country of 
corresponding 
author 

Journal Empirical Healthcare context 

Abbott, P. A., J. Foster, H. d. F. Marin and P. 
C. Dykes (2014) 10.75 USA International journal of 

medical informatics Empirical IT implementation 

Afek, A., A. Meilik and Z. Rotstein (2009) 0.22 Israel Harefuah Non-empirical Management 
Agyepong, I. A., A. Kodua, S. Adjei and T. 
Adam (2012) 8.83 Ghana Health policy and planning Empirical Health system - policy 

Aherne, M. and J. Pereira (2005) 1.17 Canada Leadership in health services Non-empirical Health care policy - palliative 
care 

Aita, V., H. McIlvain, E. Backer, K. McVea 
and B. Crabtree (2005) 5.92 USA Patient education and 

counseling Empirical Primary care - patient-practitioner 
communication 

Albanese, M., G. Mejicano, G. Xakellis and 
P. Kokotailo (2009) 2.11 USA Academic medicine Non-empirical Health care systems 

Allred, C. A., B. J. Burns and S. D. Phillips 
(2005) 1.69 USA 

Administration and policy in 
mental health and mental 
health services research 

Non-empirical Community mental health care - 
assertive community treatment 

Anderson, C. A. and A. L. Whall (2011) 0.71 USA Journal of advanced nursing Non-empirical Nursing - research - agent based 
modelling 

Anderson, R. A. and R. R. McDaniel (1999) 5.68 USA Health care management 
review Empirical Nursing home - nursing - decision 

making 
Anderson, R. A. and R. R. McDaniel Jr 
(2000) 18.33 USA Health care management 

review Non-empirical Leadership and professionalism 

Anderson, R. A., B. E. Crabtree, D. J. Steele 
and R. R. McDaniel (2005) 25.08 USA Qualitative health research Non-empirical Health care organisations 

Anderson, R. A., C. A. Allred and F. A. 
Sloan (2003) 1.47 USA Health care management 

review Empirical 
Hospital - management practice 
changes in light of ownership 
conversion 

Anderson, R. A., D. E. Bailey, B. Wu, K. 
Corazzini, E. S. McConnell, N. M. Thygeson 
and S. L. Docherty (2015) 

5.67 USA Advances in nursing science Non-empirical  Leadership – chronic illness 

Anderson, R. A., K. Corazzini, K. Porter, K. 
Daily, R. R. McDaniel and C. Colon-Emeric 
(2012) 

7.33 USA Implementation science Non-empirical Nursing homes 
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Anderson, R. A., K. N. Corazzini and R. R. 
McDaniel Jr (2004) 15.93 USA The gerontologist Empirical Nursing homes - job satisfaction 

Anderson, R. A., L. M. Issel and R. R. 
McDaniel (2003) 29.40 USA Nursing research Empirical Nursing home 

Anthony, M. K., J. Kloos, P. Beam and K. 
Vidal (2018) 0 USA Journal of nursing care Non-empirical Hospital - nursing hand-off 

Arndt, M. and B. Bigelow (2000) 4.11 USA Health care management 
review Non-empirical Management 

Arruda, C., S. G. R. Lopes, M. H. A. d. L. 
Koerich, D. R. Winck, B. H. S. Meirelles and 
A. L. S. F. d. Mello (2015) 

2.00 Brazil Escola anna nery Non-empirical Health care networks 

Ashmos, D. P., J. W. Huonker and R. R. 
McDaniel (1998) 5.15 USA Health care management 

review Empirical Hospital – leadership 

Atun, R. A., I. Kyratsis, G. Jelic, D. Rados-
Malicbegovic and I. Gurol-Urganci (2007) 7.73 United 

Kingdom Health policy and planning Empirical Primary care – reform 
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(2012) 2.83 USA Management decision Non-empirical Hospital - trauma- decision 

making 
Deutsch, E. S., Y. Dong, L. P. Halamek, M. 
A. Rosen, J. M. Taekman and J. Rice (2016) 2.50 USA Human factors Non-empirical Education 

Doebbeling, B. N. and M. E. Flanagan (2011) 1.86 USA Medical care Non-empirical Healthcare systems 
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