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Abstract

Introduction: Complexity science has been described by scientists as the science of the 21st Cen-
tury. It does not deny the scientific theory of the past or the huge contribution made by great 
scientists along history, but it looks beyond, recognizing the significance of interdependence and 
the context of every phenomenon. Objective: Complexity science and their link to the field of 
health. Materials and methods: A revision of the state of the art regarding complexity science and 
complex systems and their connection to health sciences was carried out. Results: Complexity 
was devised from different academic trends. It is a term coined by Edgar Morin, which consists in 
understanding factors influencing every decision. Regarding health sciences, it refers to complex 
characteristics of a phenomenon, not fully used in research. Conclusion: The contribution of this 
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paper is the description of the characteristics of the field, as well as the identification of the weak-
nesses of complexity science in the scope of health sciences.
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COMPLEXITY AND COMPLEX SYSTEMS

The term complexity derives from the Latin word complexus, form by the prefix con, “together”, 
and plectere, that means “intertwine”; which, in its quality mode, complex, refers to being 
completely entangled or difficult to understand. It articulates a particular point for observing, 
analysing and understanding the world’s phenomena, and seeks to understand a group, based 
on knowledge of all its singular parts that exhibit characteristics different to those they show in 
the context of a group1. Such unique parts consist of various components or agents, contained 
within boundaries that separate it from other systems. Thus, each system is part of a supra-sys-
tem containing other subsystems, which are fed information from their environments, and 
provide output product1,2. Also, complexity has been considered a way to understand non-lin-
earity, where causality is problematic and multifaceted and where emerging behaviors3 are the 
norm4. The concepts used in complexity sciences promote a drive for non-linear cause-effect 
interactions, which are unpredictable as they develop over time, resulting in emergent situa-
tions within the system3.

Complexity was developed from various academic trends4, as well as from different fields 
of knowledge, such as the social sciences, humanities and biological sciences, making the un-
derstanding of various systems possible; since through complexity, it is possible to identify 
common elements, behavioral patterns in systems that may consist of different actors, which, 
in the case of observing biological phenomena may include people, animals, societies, species 
or bacteria, known also as Complex Adaptive Systems (CAS)4,5. Other examples of such complex 
systems include ecosystems, known to change from a forest state to a swampy state; or the 
stock market, that may suddenly collapse6.

For Edgar Morin, quoted by Pagani7, reality is conceived as complex and all components that 
constitute it are intertwined, generating understandable non-algorithmic and non-predictable 
behaviour. Perona in 2005, refers to a non-existent definition of complexity, based on an ap-
proach from different fields, including health sciences; this general definition of complexity can 
only be approximated by adding different definitions8. Authors like Serna in 2015, and Maldo-
nado in 2004, propose that the emergence of complex thinking is a turning point in the progress 
of scientific work, with the aim of positioning its principles as a replacement for the obsolete 
Cartesian scientific method; however, it has not managed to consolidate as a paradigm as such9,10.

This paradigm has been forced to adapt its composition through phenomena such as the-
modynamics, chaos theory, fractal geometry, catastrophe theory and non-classical logics, etc., 
phenomena characterized by their instability, fluctuation, synergy, emergence, self-organiza-
tion, non-linearity3, positive or negative feedback, dynamic equilibrium, lack of symetry, and 
all those features close to chaos 8-11. This means that a complex system is made up of various 
components 12,13 (Figure 1). Morin in 199014, mentions that complex thinking allows the articu-
lation of all those isolated fragments, through a theoretical reorganisation; this rearrangement 
is based on seven principles as a valid tool in the global vision 15,16 (Figure 2). 
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COMPLEXITY IN THE FIELD OF HEALTH

The importance that for two decades has become evident in the area of health research with 
the term “complex intervention”, described by Pagani in 2017, refers to a complexity, in terms 
of health, education, etc. Nevertheless, beyond methodological aspects, he considers that 
there are conceptual ambiguities about the notion of complexity, since it is not clear whether 
it is complex by the elements that make up the phenomenon, or by the system that may be 
part of it7.

There has been controversy about the merits, or the lack of them, of qualitative studies 
in the medical sciences, which has highlighted the potential and the necessity of complex 
systems thinking in the field of health5, since the complexity paradigm stands for a different 
epistemology as opposed to the prevailing one: it does not isolate, reduce or become obsolete 
in terms of knowledge; one that proposes new bases for a more complete understanding of 
physical, biological and social systems, and whose foundations are the systems theory, infor-
mation technology and cybernetics17.

A complex systems approach provides valuable alternatives to the predominant theories 
trying to explain health issues. In 2020, Mc Luhan stated that there are mechanisms through 
which scholars may use complex systems to affect, influence, change and/or even theorize phe-
nomena related to health in a population, for example: the apposition of constructs from linear 
and complex systems theories, the incorporation of complexity into current linear theories, 

Figure 1. Components that make up a complex system,  
with information from Aldana (2006) and Lara (2016)12, 13.
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as well as questioning current theories and reframing a phenomenon18, which in the case of 
medicine can move from an intuitive attitudinal approach to one that is subject to descriptors5.

In the case of public health, they have been criticised for being too reductionist and for 
not providing proper evidence for decision making in the field. Authors related to complexity 
sciences have therefore advocated for a “complex systems approach”, in order to include the 
complexity of the real world3 Considering that the most urgent topics of interest in the field 
of public health in the world are complex issues characterized by their dynamic nonlinear 
intertwine cause-effect relationships, it is argued that tackling complex problems requires the 
involvement of diverse members and organisations at multiple levels of action 19.

Complexity sciences are a new way of doing science, researching human and social systems, 
not as mechanistic ones, but as interactive, dynamic and non-linear systems13, allowing to 
recognise the need to have a complex vision of many phenomena, both in the field of research 
and in the sciences, their teaching and learning20. The adoption of the principles of complexity 
science is recognised in health systems related fields as excellent examples of complex adap-
tive systems due to the diversity of the agents involved (doctors, patients, nurses, consumers 
groups, politicians, nongovernmental organizations, etc.), and the enormous amount of in-
teractions between them4, as well as the possibility to understand the emergent features that 
cannot be explained by linear models21. Examples of such nonlinear include cardiac rhythm, 
electroencephalographic signals, fluctuations of potassium, calcium and sodium in the body, 

Figure 2. Seven principles proposed by Morin to understand Complexi-
ty, with information from Columbie (2012) and Paiva (2004)15, 16.
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venous structures, the nervous system networks, etc. The description and interpretation of 
these systems is increasingly using the concepts of chaos, fractals, bifurcations, instability, 
attractors, emergent structures, self-organization, etc., to characterise these systems, as well 
as the most advanced tools for solving non-linear equations22.

In terms of the field of health, the human body has been considered to be an adaptive 
complex system because it contains different subsystems, i.e. organs; such subsystems of or-
gans interact with each other through a variety of pathways, for example, neural connections, 
hormones, cytokines pathways, etc.23 Also, complexity theory in the field of health research 
has enabled conceptual framework designs, as well as the research approach and design, al-
lowing the conceptualisation of variables for their subsequent operationalisation; likewise in 
the analysis and interpretation of data, mostly qualitative, highlighting self-organisation and 
emergence, with the aim of being able to understand the phenomenon24.

Different authors say there are plenty of examples of nonlinear or complex systems in the 
biological sciences. It is important to highlight amongst them, medicine, dentistry, nursing, 
etc., which, on addressing phenomena from this theory, can make clear that some consistent 
characteristics correlate with initial conditions, interdependent components, and an outcome 
not necessarily proportional to the original triggering factor 25. In these times of global crisis, 
in the face of the SARS-CoV-2 (COVID-19) pandemic, the scientific community has quickly 
deployed advanced analysis tools to model the dynamics of disease transmission and the wide-
spread impact of the disease at individual, community and global levels. In order to do so, it 
has used analysis techniques from the complex systems science. Additionally, the analytical 
methods of complex systems science provide tools to understand questions about the ob-
served phenomena26.

CONCLUSION

It is responsibility of all scientists involved in the study of complexity to demonstrate this is not 
only a research tool, but a science whose scope is evident in different areas such as the social 
sciences, humanities and biological sciences, and particularly in the health science, in order 
to find out a solution to a problem, from multi- inter-, and transdisciplinary points of view. In 
the specific case of health, and based on the characteristics of complexity, emergent behaviors, 
self-organization and nonlinear interaction of its components would allow the development, 
interpretation and use of tools focused on the diagnosis or even therapy of alterations.
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