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Abstract

Biomedicine, the predominant medical model that emerged during the twenti-
eth century, is founded conceptually on mechanism and reductionism, especially 
in terms of portraying the patient as a machine reducible to its component parts. 
Systems medicine, in contrast, has emerged during the early part of the twen-
ty-first century to address problems arising from biomedicine’s failure to cure 
diseases such as cancer. In this paper, a conceptual framework is provided for 
shifting from mechanistic biomedicine to organismal systems medicine. Specif-
ically, organicism and holism provide the necessary foundation for viewing the 
patient not simply as a diseased or dysfunctional body part but as a whole person 
embedded within a biological, psychological, social, and environmental frame-
work. Although biomedicine’s approach has identified many of the physiological 
and pathological components of health and disease, a shift to organismal systems 
medicine promises to deliver the principles and rules by which these components 
relate and interact with one another in a holistic rather than simply in a reductive 
mechanistic fashion. 
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Resumen

La biomedicina, el modelo médico predominante surgido en el siglo XX, se 
basa conceptualmente en el mecanicismo y el reduccionismo, sobre todo en lo 
que respecta a la descripción del paciente como una máquina reducible a sus 
componentes. La medicina sistémica, en cambio, ha surgido a principios del siglo 
XXI para abordar los problemas derivados de la incapacidad de la biomedicina para 
curar enfermedades como el cáncer. En este artículo se ofrece un marco conceptual 
para pasar de la biomedicina mecanicista a la medicina sistémica organismal. 
En concreto, el organicismo y el holismo proporcionan la base necesaria para 
considerar al paciente no sólo como poseedor de una parte del cuerpo enferma o 
disfuncional, sino como una persona completa integrada en un marco biológico, 
psicológico, social y ambiental. Aunque el planteamiento de la biomedicina ha 
identificado muchos de los componentes fisiológicos y patológicos de la salud y 
la enfermedad, el paso a la medicina de sistemas organismales promete ofrecer 
los principios y reglas por los que estos componentes se relacionan e interactúan 
entre sí de forma holística y no simplemente de un modo mecanicista reductor. 

Palabras clave: holismo; mecanismo; medicina; organicismo; reduccionismo.

1. Introduction

During the twentieth century, biomedicine was the predominant medical mod-
el in terms of both basic and clinical research, as well as clinical practice (De Cha-
darevian and Kamminga, 1998, Lock and Gordon, 1988, Löwy, 2011). Two of the 
fundamental concepts grounding biomedicine are mechanism and reductionism 
(Andersen, 2017, Clarke and Russo, 2018, Illari, 2017). According to these con-
cepts, the patient’s body is a machine reducible to its individual parts with respect 
to its functioning and/or malfunctioning. Biomedicine’s success depended on me-
chanical philosophy, which has a rather long history in western medicine (Glen-
nan, 2017, Sheldrake, 1980, Westfall, 1977). And much of that success relied 
on reducing disease to its mechanistic parts (Darden, et al., 2018). For example, 
hemophilia and von Willebrand disease are bleeding disorders that were explained 
and eventually treated through the isolation of clotting factors from human blood 
(Federici, et al., 2006, Green, 2018). Indeed, as hemostasis or blood coagulation 
was reduced to various clotting factors, eventually a hemostatic model or cascade 
was assembled in the second half of the twentieth century and used to investigate 
and treat other coagulation disorders (Owen, 2001). And this approach to under-
standing and treating disease led to the prevalent “magic bullet” approach closely 
associated with the biomedical model (Brandt and Gardner, 2000). Unfortunately, 
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this approach failed to cure complex chronic diseases, like cancer (Cutter, 2018, 
Keating and Cambrosio, 2012, Mukherjee, 2011), resulting in a situation that 
resembles a Kuhnian paradigmatic crisis (Kuhn, 1970). 

During the first-half of the twentieth century, systems theory and science 
were used to tackle apparent anomalies in the biological and biomedical sciences 
in which the traditional mechanistic approach was unable to provide adequate 
solutions (Bertalanffy, 1974, Hanson, 1995, Skyttner, 2005). Two important 
fundamental concepts grounding systems theory and science, especially the bi-
ological sciences, are organicism and holism (Botz-Bornstein, 2021, Döring, et 
al., 2015, Capra and Luisi, 2014, Sheldrake, 1981). And these concepts have 
been incorporated into systems medicine to address problems for treating com-
plex diseases like cancer, diabetes, and cardiovascular diseases (Rosslenbroich, 
2016, Tretter, 2019). For example, cancer throughout the twentieth century did 
not succumb to biomedicine’s straightforward “magic bullet” approach to pro-
duce a cure; and even then US President Richard Nixon’s 1971 “war on cancer,” 
which promised that cancer would be cured by the US 1976 bicentennial, failed 
to deliver on its promise (Surh, 2021)—although limited success was achieved 
but it has been costly (Cutler, 2008, Sporn, 1997). Moreover, the military ter-
minology or metaphor of this approach to cancer has been criticized as unpro-
ductive and inappropriate (Haines, 2014). In place of the biomedical approach, 
a systems medicine approach has emerged, especially during the early part of the 
twenty-first century with the completion of the Human Genome Project, which 
promises to cure cancer and other complex diseases (Roukos, 2010, Karimi, et 
al., 2022).

In this paper, the concepts of organicism and holism are used to construct a 
conceptual framework for the shift from mechanistic biomedicine to organismal 
systems medicine. Specifically, organicism and holism provide the theoretical 
foundation for viewing the patient as a whole person, especially in terms of per-
sonal health, and not simply as a diseased body part—as is often common in 
the biomedical sciences. And these concepts are contrasted to the concepts of 
mechanism and reductionism associated with the traditional biomedical model, 
as well as with a molecular systems medicine (Tretter, 2019). Although mecha-
nism and reductionism have been instrumental in biomedicine to identify many 
of the components that compose pathophysiological states, a shift to organismal 
systems medicine within the twenty-first century promises to deliver the prin-
ciples and rules by which the components of the organism relate and interact 
with one another at a holistic level, including the social and environmental levels 
(Wolkenhauer, et al., 2013, Rosslenbroich, 2016). To that end, the concepts 
of mechanism and reductionism associated with the biomedical model are ex-
amined in the next section, followed in a subsequent section by a discussion of 
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organicism and holism associated with systems medicine. In a concluding sec-
tion, the relationship between mechanistic biomedicine and organismal systems 
medicine is explored.

2. Biomedicine: Mechanism and Reductionism 

The success of the biomedical model throughout the twentieth century was 
certainly impressive, especially in terms of the molecularization of physiological 
and pathological processes (De Chadarevian and Kamminga, 1998, Grote et al., 
2021). As already mentioned, hemostasis was reduced to various blood clotting 
factors that could not only explain the coagulation mechanism but also pro-
vide the knowledge and understanding for developing therapeutic agents to treat 
clotting disorders. In addition, other diseases were explained and treated using 
knowledge obtained from the biomedical model, such as insulin for type 1 dia-
betes (Bliss, 1982, Vecchio, et al., 2018), antibiotics for numerous infectious dis-
eases (Hutchings, et al., 2019, Rosen, 2017), and even cancer itself was thought 
to be explained in terms of reducing it to various molecular entities, especially 
mutated genes, responsible for regulating the mechanisms responsible for the 
cell cycle and cellular proliferation (Bertram, 2000, Knowles and Selby, 2005, 
Pecorino, 2021). Mechanism and reductionism, then, are the underlying con-
cepts of the biomedical model and sciences, and mechanical philosophy in gen-
eral is the founding metaphysics upon which the medical universe is explained 
simply in terms of matter and motion. In this section, mechanism is initially 
examined, followed by reductionism, and then both concepts are illustrated with 
the examples of hemostasis and carcinogenesis.

2.1 Mechanism

The rise of modern western science reflects the history of mechanism, espe-
cially in terms of the analogy between machines or automata and natural phe-
nomena (Berryman, 2003, De Solla Price, 1964). In general, a machine is de-
fined as “a contrivance, with organized parts whose interconnected workings can 
be easily understood” (Craver and Darden, 2005, 234). The machine analogy 
was important in the establishment of mechanistic philosophy, since the anal-
ogy’s heuristic promise is that natural scientists could control and manipulate 
natural phenomena qua machines via their component parts. The analogy was 
also apt because the functions of machines are often deterministic and follow 
straightforwardly fundamental engineering principles and rules. One of the chief 
presumptions for the analogy between machines and natural phenomena is the 
inherent intelligibility of nature itself. A major part of that intelligibility centers 
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on temporally and spatially extended causal processes. In other words, mecha-
nisms are processes that connect within particular locations and between tem-
poral sequences: “a cause (or beginning state) to an effect (or end state)” (Craver 
and Darden, 2005, 236). Mechanical philosophy, then, had a profound impact 
historically on both biology and medicine; and its greatest impact was the de-
velopment of molecular biology in the twentieth century, which was to convert 
contemporary medicine into a molecular discipline and practice (Bechtel, 2006, 
Darden, 2006, Tretter, 2019).

Peter Machamer, Lindley Darden, and Carl Craver (hereafter MDC) intro-
duced a popular articulation of mechanism in which they stress a mechanism’s 
process-like nature. “Mechanisms,” according to MDC, “are entities and activi-
ties organized such that they are productive of regular changes from start or set-
up to finish or termination conditions” (2000, 3). They illustrate the concept as 
follows: “A->B->C” (2000, 3). The letters A, B, and C, represent entities, while 
the arrows represent activities. Whereas activities are the processes involved in 
an orderly change, entities are the agents responsible for that change. MDC 
claim that their concept of mechanism exhibits ontic, descriptive, and epistemic 
adequacy. As for ontic adequacy, their concept combines both substantive and 
process ontologies such that ontology is neither eliminable nor reducible to the 
other. MDC’s concept also exhibits a descriptive adequacy by illuminating the 
initial and final conditions, as well as the intermediate conditions, for progressive 
routine change. Finally, their concept of mechanism is epistemically adequate 
since it renders complex phenomena intelligible in terms of mechanistic expla-
nations.

Although many examples of mechanism are available from the biomedical 
sciences, such as intermediate metabolism, MDC cite the central dogma of mo-
lecular biology as the prime example for their concept of mechanism. The central 
dogma is the fundamental paradigm of molecular biology, and molecular biolo-
gists have used it to guide their research since its introduction in the late 1950s, 
when Francis Crick (1958) announced the central dogma publicly at a sympo-
sium in London. According to Crick’s version of the dogma, a polymerase tran-
scribes DNA into RNA, which is then translated into protein, and both DNA 
and RNA can replicate themselves. In MDC’s terms, DNA, RNA, and protein, 
are entities; while transcription, translation, and duplication are activities which 
the entities cause and through which predictable change occurs. Importantly, 
DNA contains the genetic information that shapes living organisms through the 
production of proteins, i.e., genotype dictates phenotype. 
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2.2 Reductionism

The central dogma relies not only on mechanism but also on reductionism, 
which enjoys a privileged position—along with mechanism—in the develop-
ment of the twentieth-century biomedical sciences (Andersen, 2017, Brigandt 
and Love, 2017, Jones, 2000, Van Regenmortel and Hull, 2002). The chief idea 
behind reductionism is that scientists can investigate and explain natural mecha-
nisms with respect to their component parts and properties. And contemporary 
biological scientists assert that through reductionism “the complete determina-
tion of a biological system becomes a concrete, achievable goal” (Selinger, et 
al., 2003, 254). According to reductionism, then, natural mechanisms can be 
investigated, described, and explained entirely in terms of their component parts 
and properties. As John Dupré elucidates, reductionism is “the view that the 
ultimate scientific understanding of a range of phenomena is to be gained exclu-
sively from looking at the constituents of those phenomena and their properties” 
(1993, 88). In other words, the whole and its properties are equal to the analysis 
and sum of its individual parts and their properties. 

Reductionism, especially in the biomedical sciences, can be divided into at 
least three types: ontological, methodological, and epistemological (Boogerd, et 
al., 2007, Brigandt and Love, 2017). Ontological reductionism claims that ma-
terial or physical components make up natural mechanisms, in that the material 
composition of complex mechanisms are reducible to simpler material compo-
nents. For example, the heart is composed chiefly of cardiac cells, which are 
the basic unit of the organ (Litviňuková, et al., 2020). Methodological reduc-
tionism involves the strategy or method and protocols or techniques by which 
to investigate and model higher-level mechanisms with respect to lower-level 
mechanisms. For example, the heart can be investigated in terms of its cellular 
function such that cardiac cells contract in unison to form a pump (Trayanova, 
2011). Epistemological reductionism asserts that higher-level mechanisms can 
be described and explained in theoretical terms and laws used to describe and 
explain lower-level mechanisms. For example, the heart and its regulation can be 
explained theoretically with respect to its contractile proteins (Winegrad, 1984). 

Moreover, the relationship among these three types of reductionisms is im-
portant. Ontological reductionism espouses that material components make up 
natural mechanisms. For the biomedical sciences, it is claimed that the body is 
composed of basic parts, such as macromolecules, cells, and tissues. Based on 
that claim, biomedical scientists devise and develop methods and technology 
to investigate these mechanisms in terms of their elemental components. Of 
course, the development of the microscope was very instrumental in identifying 
the body’s cellular composition (Wilson, 1995). In turn, these scientists then 
utilize the observations and results obtained from these investigations to reduce 
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theoretical explanations for complex mechanisms to the theoretical explanations 
for the elemental components constituting complex mechanisms, such as blood 
coagulation or tumor formation. Finally, these three types of reductionisms are 
related in the sense that ontological reductionism serves as a guiding principle for 
conducting biomedical investigations, and the results from those investigations 
serve to explain higher-level mechanisms with respect to lower-level mechanisms.

2.3 Examples of Mechanistic Biomedicine

The following two examples illustrate the power of the concepts of mechanism 
and reductionism for advancing the biomedical agenda. The first example is the 
biochemical mechanism responsible for hemostasis. According to the standard 
cascade model of blood coagulation, the formation of a fibrin clot begins with 
the activation of clotting factors associated with either the extrinsic or intrinsic 
pathway (Davie, 1995, Mann and Lorand, 1993). The extrinsic pathway is ac-
tivated through tissue factor or factor VII, while the intrinsic pathway through 
Hageman factor or factor XII. Both pathways converge onto Stuart factor of 
factor X, which is then activated and results in the activation of prothrombin 
or factor II to thrombin. Thrombin is responsible for the enzymatic cleavage of 
fibrinogen or factor I to fibrin, which is finally stabilized to form a fibrin clot. 
This cascade model for the clotting mechanism has been the foundation for ex-
plaining and developing treatment regimens for numerous bleeding disorders 
(Ratnoff and Forbes, 1996). Although platelets and other blood and tissue cells 
were known to be important in blood coagulation, their role was not fully ap-
preciated or included into clotting theories until the end of the twentieth and 
the beginning of the twenty-first centuries (Hoffman, 2003, Riddel et al., 2007, 
Roberts, et al., 1998). And although the molecular reductive approach to the 
mechanism of blood coagulation is still critical for understanding and treating 
hemostatic disorders, it is challenged by several anomalies such as abnormalities 
of blood clotting in cancer patients (Hamza and Mousa, 2020).

The second example is from oncology and involves the biochemical and ge-
netic mechanisms responsible for tumorigenesis. As for the biological sciences, so 
the biomedical sciences also adopted the central dogma as its fundamental par-
adigm for explaining diseases such as cancer, especially as biomedicine became 
an information science within the postgenomic era (Lenoir, 1999). The cancer 
phenotype could now be explained reductively in terms of a dysfunctional or 
mutated genotype. The mechanism of carcinogenesis involves the mutation of 
genes responsible for regulating the cell cycle, which leads to uncontrolled cell 
proliferation and growth and ultimately to metastasis (Bertram, 2000, Knowles 
and Selby, 2005, Pecorino, 2021). Cancer, then, is reduced to mutated genes, 
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such as oncogenes and tumor suppressor genes, that control cellular division and 
proliferation. But as with blood clotting, theories of carcinogenesis also began to 
incorporate the role of cells into tumorigenesis. Douglas Hanahan and Robert 
Weinberg (2000), for example, published probably the most influential article 
on the mechanism of tumor formation called the somatic mutation theory. The 
mechanism consisted of six hallmarks or capabilities of tumors, each of which 
was reduced to biochemical and cellular mechanisms. Hallmarks like sustained 
angiogenesis or limitless replicative potential represented the outcome of mutat-
ed genes that regulate angiogenesis or cellular proliferation. Importantly, Han-
ahan and Weinberg contrasted their model, which they called heterotypic cell 
biology, with a model in which cancer cells are uniform or homogenous in that 
each cancer cell contains a standard set of mutated genes. In sum, a reductive 
strategy was instrumental in identifying the molecular entities, whether genes or 
cells, involved in the mechanisms of tumorigenesis and thereby explaining tumor 
formation, which is comparable in a variety of—if not all—organisms (Marcum, 
2005). Thus, during the second half of the twentieth century a method of re-
ductive analysis and synthesis was thought to be adequate for investigating and 
explaining complex mechanisms like carcinogenesis.

Finally, the biomedical community accepts and promotes mechanism and 
reductionism, as illustrated by the two examples above, for several reasons. The 
first is that reductionism is remarkably successful for identifying the mech-
anisms and their parts underlying biological phenomena (Brigandt and Love, 
2017, Robinson, 1992). Part of the success of mechanism and reductionism 
is their simplification and analysis of complex processes into their constitutive 
parts and how those parts are structured. By isolating and identifying the vari-
ous components of complex entities and their properties, biomedical scientists 
can then piece together or synthesize the underlying mechanisms, especially for 
diseases. For example, coagulation disorders are the result of dysfunctional or 
absent clotting factors, while cancer involves mutated genes. Moreover, reduc-
tionism provides the opportunity to construct a simple and consistent account 
for natural mechanisms, which allows biomedical scientists to manipulate and 
control such mechanisms. In addition, it provides a causal relationship between 
higher-level mechanisms and their component parts such that “causality entails 
reductionism” (Dupré, 1993, 99). In other words, lower-level mechanisms and 
their properties are thought to be causally necessary and sufficient for producing 
higher-level mechanisms and their properties. So a hemostatic disorder like von 
Willebrand disease can be explained by the absence of the von Willebrand factor 
and cured by replacing the factor. In short, reductionistic biomedicine provides 
universal statements about complex mechanisms constituting physiological and 
pathological processes. 
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3. Systems Medicine: Organicism and Holism

Just as mechanism and reductionism are the foundational concepts for bio-
medicine, so are organicism and holism for systems medicine. And so organi-
cism and holism are critical for fully transitioning from mechanistic biomedicine 
to organismal systems medicine. While mechanism and reductionism focus on 
lower levels of organization—such as macromolecules and cells—to investigate 
and explain a patient’s pathophysiology, organicism and holism include not only 
these but also higher levels of organization—such as the tissue, organ, or or-
ganism—to examine and explain a patient’s pathophysiology while maintaining 
the patient’s integrity as a whole rather than reducing the whole to its isolated 
parts. Besides the boundaries of mechanistic biomedicine and organismal sys-
tems medicine, hybrid models populate the area between these two boundaries, 
such as molecular systems medicine.1 However, for these hybrid models the pa-
tient is still reduced to individual molecular parts that are generally considered 
sufficient for investigating and explaining higher levels of functioning. For or-
ganismal systems medicine, the patient is treated as a whole in which parts from 
different levels or sales are interrelated or entangled with one another. Moreover, 
several systems biologists utilize mechanistic explanations to account for sys-
tems phenomena (Brigandt, et al., 2018, Richardson and Stephan, 2007). Al-
though mechanistic systems biology represents a legitimate approach to medical 
research, some commentators argue that without a holistic context, a system 
cannot be adequately or sufficiently explained since the isolated parts, especially 
at lower levels, do not provide sufficient relevant information to explain the sys-
tem (Soto and Sonnenschein, 2018, Tretter, 2019). In this section, organicism is 
initially discussed followed by holism, and the section concludes with exploring 
from an organismal systems medicine perspective the blood clotting and cancer 
examples discussed in the previous section. 

3.1 Organicism

According to organicists, mechanical parts alone, as advocated by mechanists, 
are insufficient ontologically to investigate adequately or to manipulate effectively 
living organisms (Botz-Bornstein, 2020, Henning and Scarfe, 2013). What mech-
anists fail to consider when causally explaining biological or biomedical phenom-
ena from a reductionistic stance is what Daniel Nicholson calls the “organismic 
context” (2012, 159). As Nicholson elaborates, “mechanistic explanations specify 

1 Felix Tretter (2019) contrasts organismal systems medicine, which he bases on Ludwig von 
Bertalanffy’s organismal biology, to a molecular systems medicine in that the former takes into 
consideration the patient’s developmental stage within an ecological and environmental context, 
which includes the molecular or omics data, while the latter considers only the molecular data.
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only those features of the underlying causal networks that biologists deem most 
relevant for manipulating and controlling the phenomena whilst at the same time 
presupposing a great deal of the organismic context that makes them possible” 
(2012, 159, original emphasis). Moreover, mechanism represents a metaphor that, 
according to Lenny Moss, has “run out of steam” with respect to accounting for 
living processes (2012, 170), even though during most of the twentieth century, 
the mechanistic view of life eclipsed the organicist view (Nicholson and Gawne, 
2015, Peterson, 2016).

What was problematic for twentieth-century advocates of organicism was an 
inability to develop the requisite technology and methodology to investigate liv-
ing organisms as intact entities, and so organicism was eventually obscured by 
mechanistic biomedicine during the second half of the twentieth century. How-
ever, at the beginning of the twenty-first century organicism has had a revival, 
especially after the completion of the Human Genome Project (Botz-Bornstein, 
2020, Nicholson, 2014). An important reason for its revival in the postgenomic 
era is the development of omics technology, which has permitted clinicians to 
gather substantial amounts of data on patients, to use these data to treat patients 
specifically as individuals, and finally to predict diseases to which patients are 
susceptible based on their omics data (Chen and Snyder, 2013, Loscalzo and 
Barabasi, 2011, Montévil, 2020). 

According to contemporary organicists, a system’s properties are independent 
of its isolated parts and the properties of those isolated parts. For example, Gagli-
asso contends that for a living organism 

the particular properties are given by the relationships between the parts 
and the characteristics considered as defining of any living entity (an or-
gan, an organism, an organic and environmental system) and are deter-
mined by all the relationships that interconnect the diverse entities and 
that transform both the entities and the relations. (2003, 344)

As a concept, organicism envisions just a single whole of which all other levels 
within that whole are interrelated or integrated parts, but the properties of the 
whole are independent of the parts’ properties. For example, Morton Beckner 
advocates a form of organicism in which “higher level processes…are autono-
mous with respect to lower levels” (1974, 171). And according to Robert Wilson 
(2005), the world of organisms is well structured and sufficiently complex to 
defy reductionistic mechanism. 

Contemporary organicism, then, is a relational concept and depends on the 
organized interactions of the parts that make up the organic whole (Beckner, 
2006, Elsassar, 1998). Further, an organism’s composition is not necessarily what 
determines it; rather, an organism depends upon the organization or structure 
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of its components (Brooks, et al., 2021). For the organism’s structure is critical 
for promoting and regulating specific interactions of the components. As Michel 
Morange observes, the organism’s ontological complexities “lay not in the nature 
of the macromolecular components, but in the way these components associate 
and interact to generate complex [and ontological distinct] structures and func-
tions” (2006, 357). And Ernst Mayr makes a similar observation: 

The basis for organicism is the fact that living beings have organization. 
They are not just piles of characters or molecules, because their function 
depends entirely on their organization, their mutual interrelations, inter-
actions, and interdependencies (1998, 19). 

For contemporary organicism, the structure-function relationship—not just 
its resultant material composition—is what defines the organism. In other words, 
life can be made of various materials as long as it reflects living processes that are 
governed by specific principles and rules.2

While mechanistic biomedicine is founded on the central dogma of molec-
ular biology and the principles and rules that regulate information flow from 
genotype to phenotype, organismal systems medicine is founded on the central 
dogma of systems biology, i.e., “it is system dynamics and organizing principles 
of complex biological phenomena that give rise to the functioning and function 
of cells” (Wolkenhauer and Mesarović, 2005, 14). The information flow within 
organismal systems medicine includes not just the flow dictated by the central 
dogma of molecular biology but also the flow of information among dynamic 
modular processes involved in a patient’s pathophysiology. In other words, just 
as genetic information within cells follows particular pathways, so organismic 
information within biological systems follows certain dynamical pathways. For 
example, carcinogenesis involves not just the central dogma of molecular biology 
in terms of information flow between genes and proteins but also the organiza-
tional information of the chromosomes in which those genes are located, which 
includes, for example, epigenetic information (Marcum, 2019).

Just as mechanistic biomedicine’s goal is to work out the principles and rules 
that govern the flow of genetic information within cells, so organismal systems 
medicine’s goal is to work out the general principles and rules that govern infor-
mation flow within organisms. Mihajlo Mesarović and colleagues, for instance, 
demarcate between controlling and coordinating principles for organic organ-
ization and function (Mesarović, et al., 2004). Controlling principles govern 

2 Unfortunately, what constitutes the fundamental properties or processes of life or what is life is 
a highly contested issue (Weber, 2018). Although this might appear problematic for organismal 
systems medicine, such medicine provides the means for identifying not just the fundamental 
processes but more importantly the principles and rules by which these processes are regulated.
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an organism’s fixed behavior, while coordinating principles govern its flexible 
behavior. Moreover, Ana Soto and Carlos Sonnenschein (2018) identify three 
principles that center around an organism’s agency. The first principle of pro-
liferation involves the rules that regulate organismal growth and reproduction, 
while the next principle pertains to the rules governing variation within organ-
isms. The final principle includes the rules that are responsible for an organism’s 
organization and function. 

Sara Green and colleagues also explore the general characteristics of organis-
mic principles (Green and Wolkenhauer 2013, Green 2015, Green et al. 2018). 
Their principles are divided into four categories. The first is composed of organ-
izing principles, including the principle of control and adaptation of dynamical 
systems, the principle of feedback control, the principle of closure to efficient 
causation, and the coordination principles like bounded autonomy of levels. De-
sign principles composed the next category, including the principle of network 
motifs, the principle of modularity, the principle of bi-stable switching, and the 
principle of robustness, along with design principles involved in evolutionary 
change. The third category includes optimality principles, such as the branching 
angle principle (as in vasculogenesis) and the demand principle for gene regu-
lation. The last category contains isomorphic principles, which pertain to open 
systems principles, exponential growth and decay principles, and the principle of 
allometric scaling relations. And as Green summarizes, these principles represent 
a need “to understand what generic features characterize pattern-producing sys-
tems in biology and beyond, and why we should expect particular organizational 
patterns in evolution” (2015, p. 649). 

Finally, Bernd Rosslenbroich (2016) incorporates organismal biology into 
medicine in terms of five principles, especially to define the nature of health.3 
The first principle is that the patient qua organism is organized on different 
systems levels, while the next two principles are closely related to one another in 
that each system level is regulated by rules specific for that level and that the var-
ious levels are interdependent with respect to causation. The final two principles 
pertain first to organismic autonomy, i.e., the patient qua organism is self-regu-
latory, robust, independent, and flexible, and secondly to phenotypic plasticity, 
i.e., changes are in response to perturbations to the patient qua system. “Health,” 
as Rosslenbroich concludes, “can be described in medicine and psychology as the 

3 These principles owe their inspiration to Denis Noble’s ten principles of systems biology (Nobel 
2006), which both Soto and Sonnenschein (2018) and Tretter (2019) also use to ground their 
organismal systems medicine. 
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capacity for dynamically balanced systems autonomy” (2016, 10). And its such 
health that is one of organismal systems medicine’s chief goals rather than simply 
treating or even preventing disease.

3.2 Holism

Although reductionism is a popular concept among biomedical scientists and 
clinicians, it has its limits and critics (Brigandt and Love, 2017, Kaiser, 2015); 
and various holistic concepts have been espoused to replace it (Verschuuren, 
2017, Wolfe, 2012). Contemporary versions of holism are explicated in natu-
ralist or physicalist terms and not in a reductionist sense since the parts of the 
whole are necessary but not sufficient for constituting or determining the whole; 
and agency, i.e., the capacity to bring about change, is embedded or entangled 
within the material or matter itself qua whole (Chong and Ray, 2002, Placek, 
2004, Woods, 2017). What constitutes holism is unpacked in the remainder of 
this section by initially defining holism and then by examining it with respect to 
its metaphysical, methodological, epistemological, and ontological dimensions 
(Esfeld, 2009). The sequence of these dimensions is important in that holism 
functions metaphysically by which methodological questions concerning natural 
phenomena are addressed experimentally and theoretically. Through this process 
the whole is understood and explained epistemically, and its ontological nature 
is categorized in terms of integrated levels. Finally, from an organismal systems 
medicine perspective, the nature of the patient, especially with respect to per-
sonal health, is discussed throughout the section in contrast to the biomedical 
model’s reductionist approach. 

Holism relies on the notion of wholeness, which entails an irreducible and 
a dynamical totality that is complete and undivided (Piechocinska, 2004). The 
main idea behind holism is that the investigation and explanation of natural 
phenomena or systems and their properties only with respect to their compo-
nent parts and properties are deficient and incomplete; rather, the whole must 
be investigated and explained on its own terms. In other words, “the whole is 
fundamental, not any one [part]” (Jones, 2000, 337). As Denis Noble (2006) 
claims, no one part is privileged causally. In short, the whole and its properties 
are greater than the sum of its parts and their properties (McDaniel, 2010). Al-
though the component parts that constitute natural phenomena do provide the 
basis from which phenomena at higher levels materialize or emerge (Findlay and 
Thagard, 2012), the component parts do not entirely cause or account for the 
whole (Boogerd, et al., 2007). Consequently, natural phenomena at lower levels 
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must be investigated and explained with respect to phenomena at higher levels, 
since phenomena at higher levels regulate or control phenomena at the lower 
levels. 

Philosophically, holism has important metaphysical, methodological, episte-
mological, and ontological implications for organismal systems medicine. Meta-
physically, patients in terms of wholeness are viewed and understood with respect 
to their totality as holistic agents. To investigate their totality at higher-levels re-
quires a methodology that does not simply reduce or fragment them into isolated 
component parts, as in the case for reductionist biomedicine, but maintains the 
integrity of the whole. Epistemically, holism implies that patients as higher-level 
phenomena are to be understood in terms appropriate for that level and not just 
in terms for explaining lower-level phenomena. Finally, patients qua higher-level 
or whole phenomena are ontologically distinct from their lower-level parts. In 
other words, as higher-level entities they are not just composites of lower-level 
parts; rather, they are entities in their own right, with their own unique proper-
ties. In sum, holism pertains to the integral structure of the material components 
that make up patients as natural entities and agents; and, consequently, meth-
ods and technology must be employed to investigate them with respect to their 
ontological integrity. However, the observations and results obtained from these 
investigations must be used to formulate and confirm explanations of complex, 
higher-level phenomena like health and disease and what they are ontologically. 

Conceptually, then, holism is crucial for moving from a mechanistic approach 
and understanding of patients to an organismal approach and understanding 
(Sturmberg, 2016, Vogt, et al., 2016). Through holism, the integrity of the pa-
tient’s personal health from an organismal systems medicine perspective depends 
on the robustness and interaction of the biological, psychological, social, and 
environmental factors, composing it. In contrast, reductionistic biomedicine suf-
fers from a myopic and fragmented view of the patient qua machine. And such a 
view can often result in medical errors, especially in terms of making the wrong 
diagnosis and then prescribing the wrong medication, that can either harm or 
even kill the patient (Levins, 2014). Indeed, reductionism can even blind the 
clinician to obvious clinical facts and prevent an accurate diagnosis. Finally, ho-
lism undergirds the healthcare profession by promoting healing as a return to an 
integral whole or as close to achieving wholeness as possible or even creating a 
new wholeness. For wholeness denotes a sense of soundness in the body as good 
health or wellbeing.
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3.3 Examples of Organismal Systems Medicine

Both hemostasis and carcinogenesis provide excellent examples for explor-
ing the potential of organismal systems medicine to address the problems aris-
ing from mechanistic biomedicine’s failure to treat effectively or to cure various 
pathological conditions and diseases. For blood coagulation, systems theory is 
used to model clot formation or thrombosis and clot dissolution or fibrinolysis 
in a test tube or under in vitro conditions (Diamond, 2016). Such modeling 
depends on “bottom-up systems biology” in which blood clotting factors and 
their rates of interactions are computed to determine clot formation or dissolu-
tion (Diamond, 2013). Such models also include the participation of blood cells 
such as platelets and fluid dynamics, especially under in vivo conditions (Chen, 
et al., 2014, Colace, et al., 2013). However, blood coagulation remains hard 
to predict “due to nonlinearity, sensitivity to initial conditions, network com-
plexity, feedback regulation, and biorheological/transport influence” (Diamond, 
2013, 224). In other words, the future of blood coagulation vis-à-vis organismal 
systems medicine will require a top-down systems biology in which the integrity 
of the organism is maintained as clotting parameters are varied. For example, 
the role of heparan sulfate proteoglycans in the non-thrombogenic properties 
of the vascular endothelium was determined using a systems biology approach 
(Marcum and Rosenberg, 1987). However, the question remains as to how this 
system interacts with other regulatory mechanisms of blood coagulation such as 
protein C and thrombomodulin (Weiler and Isermann, 2003). Finally, systems 
medicine is currently being employed to treat, especially with respect to person-
alized or precision medicine, clotting disorders. For example, studies have been 
conducted to simulate the impact of low-molecular weight heparin on coagu-
lation pathologies, especially in terms of a patient’s blood clotting profile (Pis-
aryuk, et al., 2022).

For carcinogenesis, Hanahan and Weinberg’s original six hallmarks of cancer 
are expanded and repositioned within a systems biology approach to carcinogen-
esis, both in terms of basic research and clinical practice (Bertolaso, 2016, Biz-
zarri et al., 2008, Fouad and Aanei, 2017, Malaterre, 2007, Paul, 2020, Plutyn-
ski, 2018). In reflecting on their 2000 article in which they introduced the hall-
marks, Hanahan and Weinberg (2011) acknowledge two more hallmarks con-
sisting of reprogramming the cell’s energy metabolism and the tumor’s evasion of 
an immune response, as well as the tumor’s microenvironment, in tumorigenesis. 
However, they still advocate a strictly somatic mutation theory for carcinogen-
esis. In response to Hanahan and Weinberg’s original somatic mutation theory, 
Carlos Sonnenschein and Ana Soto (2000) proposed a tissue organization field 
theory of carcinogenesis. The theory claims that the default state of normal cells 
is not quiescence but rather proliferation and that tumorigenesis is the result of 



James Marcum
From Mechanistic Biomedicine to Organismal Systems Medicine

[ 138 ]

Ediciones Universidad de Salamanca / ddddd
ArtefaCToS, Vol. 12, No. 1 (2023), 2.ª Época, 123-150

changes in the structural organization of the tissue such that cellular proliferation 
is no longer regulated adequately. Recently, Soto and Sonnenschein (2021) have 
turned to organicism to advance their theory. Specifically, they argue that besides 
the bottom-up causation exhibited by mutated genes responsible for many of 
the hallmarks of cancer, top-down causation, especially in terms of the structural 
organization of the tissue, is also critical. In support of their theory, they cite 
studies in which malignant cells when exposed to a normal tissue organization 
do not express their malignant phenotype. Soto and Sonnenschein conclude that 
carcinogenesis needs to be situated with respect to the intact organism and not 
simply reduced to mutated genes.

Finally, an organismal systems medicine can also be used to combine both 
hemostasis and carcinogenesis, not only with respect to basic research but also in 
terms of treating of patients clinically (Buller, et al., 2007, Goubran, et al., 2012, 
Sharma, et al., 2019, Wang, et al., 2018). Experimentally, for example, “data 
from basic research indicate that the hemostatic components and the cancer bi-
ology are interconnected in multiple ways. Notably, while cancer cells are able to 
activate the coagulation system, the hemostatic factors play a role in tumor pro-
gression” (Falanga, et al., 2013, 223). In terms of the activation of thrombosis, 
many cancer patients exhibit hypercoagulable states that involve increased levels 
of clotting factors such as tissue factor or factor VII and suffer from both arterial 
and venous thrombi (Khorana, 2012, Zwicker, et al., 2007). As for tumor pro-
gression, again, clotting factors such as tissue factor are correlated with reshaping 
the tumor’s microenvironment, especially in terms of promoting metastasis (Fa-
langa and Marchetti, 2018, Lima and Monteiro, 2013). Moreover, blood coag-
ulation plays an important role in terms of tumor progression and growth with 
respect to promoting angiogenesis (Nash, et al., 2001, Tsopanoglou and Mara-
goudakis, 2004). In sum, organismal systems medicine provides a means and an 
approach for integrating the various specialties in medicine, as exemplified with 
hemostasis and carcinogenesis, in order to maintain the patient’s integrity and to 
treat the patient efficaciously and safely.

4. Conclusion

The main conceptual foundation for organismal systems medicine, then, con-
sists of organicism and holism. Organicism, indeed, captures the patient’s organ-
ic vitality and agency, especially as the biological, psychological, social, and en-
vironmental components entangle to give rise to personal health or disease; and 
it expresses the necessary agency to participate actively in requisite treatment, 
as well as to promote a healthful lifestyle. In contrast, biomedicine’s concept of 
mechanism can at times imprison and dehumanize the patient as a machine, 
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which when broken is simply fixed by repairing the broken part or by replacing 
it. The patient’s materiality or physicality is often simply passive. Although mech-
anistic biomedicine can identify important components that constitute the pa-
tient, especially as exemplified by hemostasis and carcinogenesis discussed above, 
organismal systems medicine provides the principles and rules concerning not 
simply how the components interact but also what, as Dupré (2020) insists, to 
expect from those interactions. The interaction of thrombosis and tumorigenesis 
certainly illustrates the importance of maintaining a system’s integrity, particu-
larly in organismal terms. In other words, multimorbidity is an important issue 
in treating patients given the complexity of many pathophysiological processes 
(Sturmberg, et al., 2017), as illustrated with hemostasis and carcinogenesis.

Finally, some advocates for a systems approach to the biomedical sciences 
argue for a paradigm that combines or integrates both reductionism and ho-
lism (Latterich, 2005, O’Malley and Dupré, 2005, Woods, 2017). According 
to Francisco Ayala, for example, the majority of these advocates “agree that the 
study of problems at a given level of complexity of the living world must proceed 
by exploring lower as well as higher levels of organization” (1974, ix). In other 
words, both reductionism and holism represent opposite poles on a continu-
um in which possible intermediate positions are available between “microscopic 
‘nothing but’ statements” and “macroscopic ‘all or nothing’ statements” (Boog-
erd, et al., 2007, 12). And these advocates claim that such intermediate positions 
provide a comprehensive picture of the natural world. “In order to understand 
Nature,” writes Peter Schuster, “we can neither dispense from the reductionist’s 
program and its results nor can we totally abolish the holistic view” (2007, 12). 
Moreover, for other advocates of systems medicine, both reductionism and ho-
lism are critical concepts for practicing clinical medicine (Berlin, et al., 2017, 
Federoff and Gostin, 2009). This approach is pluralistic and opportunistic in its 
nature and takes its cue from the problem at hand. “The consensus view,” suggest 
Marc Van Regenmortel and David Hull, “leads to pluralism: both reductionist 
methods and a more holistic approach to biological complexity are required, 
depending on the questions being asked” (2002, 13). But the questions being 
asked currently in twenty-first century medicine, especially in terms of big-data 
and discovery science, are outstripping the reductionist approach of mechanistic 
biomedicine and calling for a holistic approach of organismal systems medicine.

In conclusion, although the proposed organismal systems medicine does ap-
pear to rely on integrating its conceptual foundation of organicism with biomed-
icine’s mechanistic approach, still its approach is strictly organismal in the sense 
that the patient has agency inherent within its embodied and entangled state, 
especially with respect to participating in the healing process. Certainly, biomed-
icine’s mechanistic approach, with its associated reductionism, is important for 
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a robust organismal systems medicine at the current time, still the concept of 
organicism drives the conceptual framework for twenty-first century organismal 
systems medicine. In other words, mechanistic biomedicine with its associated 
reductionism has provided several of the entities and activities involved in vari-
ous physiological and pathological processes; but as the examples from hemosta-
sis and carcinogenesis illustrate, organismal integrity is vital for identifying the 
principles and rules by which those entities and activities are involved in health 
and disease. Indeed, the power and potential of organismal systems medicine 
should eclipse the mechanistic biomedicine as the twenty-first century continues 
to unfold. 
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