& frontiers | Frontiers in Science

@ Check for updates

OPEN ACCESS

EDITED AND REVIEWED BY
Jean-Marc Cavaillon,
Institut Pasteur, France

*CORRESPONDENCE
Pietro Ghezzi
pietro.ghezzi@gmail.com

RECEIVED 04 December 2023
ACCEPTED 16 January 2024
PUBLISHED 12 March 2024

CITATION

Ghezzi P. Societal factors in network
medicine and causation.

Front Sci (2024) 2:1349430.

doi: 10.3389/fsci.2024.1349430

COPYRIGHT

© 2024 Ghezzi. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Science

TYPE Frontiers in Science Viewpoint
PUBLISHED 12 March 2024
DO110.3389/fsci.2024.1349430

Societal factors in network
medicine and causation

Pietro Ghezzi***

‘Department of Biomolecular Sciences, University of Urbino Carlo Bo, Urbino, Italy, 2Emeritus,
Brighton and Sussex Medical School, Brighton, United Kingdom

KEYWORDS

system medicine, social determinants of health, stress, disease model, stress causation

A Viewpoint on the Frontiers in Science Lead Article

A multiscale inflammatory map: linking individual stress to
societal dysfunction

Key points

- The concept of network medicine must extend to cover social
determinants of health and disease that contribute to the exposome
as well as biological factors such as the genome, proteome,
interactome, and metabolome.

- Vodovotz et al. propose a mathematical model attempting to integrate
the various determinants of stress and their relation to inflammation; its
future developments should also address causality.

- It will be interesting to use existing datasets to test how this model could
help identify mechanisms of disease endotypes and to explore whether
inflammation contributes to the link between socioeconomic status
and health.

The Frontiers in Science Lead Article by Vodovotz et al. proposes a mathematical model
that describes the links between inflammation and stress (1). All theoretical models need to be
validated in a relevant population, but the authors address the need to integrate the various
causal components of disease to derive new definitions of diseases that go beyond the old,
organ-centered classifications (neurological, musculoskeletal, cardiovascular, etc.) and
towards mechanism-centered ones. To this end, three key concepts have been developed.

The first concept is that of multicausal diseases and the “sufficient/component causes”
model defined by Rothman in 1976, wherein different component causes can add up to
different sufficient causes (2). This model is normally visualized through so-called
Rothman pies.

The second concept is that of network medicine originally developed by Barabasi and
colleagues (3). In the first study on the diseasome, a network of all human diseases was made
based on the known disease-gene associations reported in genome-wide association studies.
However, the genome is only one of the layers of our personal “omes”. The other layers are
represented by the expression of proteins (proteome), the protein-protein interaction
(interactome), and the levels of metabolites (metabolome) among others. Partial extensions

01 frontiersin.org


https://www.frontiersin.org/journals/science/articles/10.3389/fsci.2024.1349430
https://www.frontiersin.org/journals/science/articles/10.3389/fsci.2024.1349430
https://doi.org/10.3389/fsci.2023.1239462
https://doi.org/10.3389/fsci.2023.1239462
https://www.frontiersin.org/journals/science
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fsci.2024.1349430&domain=pdf&date_stamp=2024-03-12
mailto:pietro.ghezzi@gmail.com
https://doi.org/10.3389/fsci.2024.1349430
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/science/about#about-scope
https://www.frontiersin.org/journals/science/about#about-scope
https://doi.org/10.3389/fsci.2024.1349430
https://www.frontiersin.org/journals/science

Ghezzi

of the diseasome to the interactome and to non-coding RNA have
been published (4, 5). However, the network medicine concept will
need to be extended to the least individual layer—the exposome—that
describes all environmental influences (including infections and
exposures to environmental chemicals as well as our behaviors) that
affect our body, including the social factors discussed by
Vodovotz et al.

This brings us to the third concept, particularly relevant to the
study by Vodovotz et al., which is that the exposome also includes the
following: “partnership/social contacts, stress, education, financial
security, water quality and green living environment” (6). This
concept relates to the “social determinants of health” (7),
describing how socioeconomic status is a key determinant of the
risk of disease and thus highlights the importance of addressing
social inequalities. A 2020 update on the pioneering study by Sir
Michael Marmot stated that “the situation has become worse” (8),
i.e., inequalities in health associated with social/socioeconomic
determinants are growing. Notably, though the Marmot review
was originally focused on England, the social determinants concept
is becoming increasingly relevant globally (7). Moreover, the
importance of social determinants of health, including structural
inequality and intersectionality, was highlighted during the
COVID-19 pandemic (9-12), linking the biological aspects of the
disease to social and political ones (13). Consequently, the
development of mathematical models taking stress into account
will need to be more granular when considering the various
components that can result in what we generically define as
stress. For example, sociomarkers, such as income and education,
that can be used in the study of the causal pathway of disease will
need to be identified and included in any analysis (14).

A key question is how the development of mathematical models
will help to improve health going forward, both on a global scale
and an individual one. To answer this, one should explore how
mathematical models fit into visions of what the “medicine of the
future” will look like. Big data is already redefining disease; as
mentioned above, this is apparent with the development of the
concept of the diseasome and what is now called system medicine or
network medicine. Big data will increasingly need to expand to a
larger set of information, beyond the genetic risk factors and the
various -omics described above, to the exposome and sociomarkers.
This is where the Internet of Things, or more specifically the
Internet of Medical Things, will help to collect individual data
using technology such as smartphones and smartwatches. Artificial
intelligence (AI) will be needed to interpret big data, but its accuracy
(both in diagnosing disease and in providing personalized
indications with regard to their prevention and therapy) will
depend on the size of the training set and the growth in the
number of individuals providing their medical data to public
databases. The likely future growth in individuals sharing their
personal data will make issues of data regulation even more
important. Some of these issues are already being addressed; for
instance, the European Commission has launched the Alliance for
Internet of Things Innovation (15).

The article by Vodovotz et al. attempts to develop a model to
integrate the various determinants of stress and their relation to
inflammation as a possible mediator of their effect. This may be
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helpful in extending the mathematical models and directed acyclic
graphs commonly used to study causation in medicine to ensure
these take into account all the external factors, including societal
ones, that can act as modifiers of the biological causal mechanisms.

Although the article does not discuss causality, this will be an
important aspect to incorporate in the model. For instance,
inflammation can be a non-sufficient causal component, or risk
factor, for disease but can also be a consequence of disease, as it is a
response/reaction to injury. Likewise, “social unrest” can be seen as
a response/reaction to social inequalities and, in some cases, might
contribute to the resolution of the problem. Future developments of
this model will have to distinguish between socioeconomic
inequalities and social unrest. Most models of causation in
medicine take into account the problem of confounding or “the
third variable”: if socioeconomic inequality caused both
inflammation and social unrest, then the causal link between
social unrest and inflammation will disappear.

It will be interesting to test the model of Vodovotz et al. in one
of the many existing datasets to evaluate how it can help in the
identification of the mechanisms of endotypes of disease.
Furthermore, it will be interesting to see how the model could be
used to investigate the possibility that inflammation may represent
a link between socioeconomic status and its importance as a
determinant of health.

Statements
Author contributions

PG: Writing - original draft, Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The author declares that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The author declared that they were an editorial board member
of Frontiers, at the time of submission. This had no impact on the
peer review process and the final decision.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fsci.2024.1349430
https://www.frontiersin.org/journals/science
https://www.frontiersin.org

Ghezzi

References

1. Vodovotz Y, Arciero ], Verschure PEM]J, Katz DL. A multiscale inflammatory
map: linking individual stress to societal dysfunction. Front Sci (2024) 1:1239462.
doi: 10.3389/fsci.2023.1239462

2. Rothman K]J. Causes. Am ] Epidemiol (1976) 104(6):587-92. doi: 10.1093/
oxfordjournals.aje.al12335

3. Goh KI, Cusick ME, Valle D, Childs B, Vidal M, Barabasi AL. The human disease
network. Proc Natl Acad Sci USA (2007) 104(21):8685-90. doi: 10.1073/
pnas.0701361104

4. Menche J, Sharma A, Kitsak M, Ghiassian SD, Vidal M, Loscalzo J, et al. Disease
networks. Uncovering disease-disease relationships through the incomplete
interactome. Science (2015) 347(6224):1257601. doi: 10.1126/science.1257601

5. Morselli Gysi D, Barabasi AL. Noncoding RNAs improve the predictive power of
network medicine. Proc Natl Acad Sci USA (2023) 120(45):€2301342120. doi: 10.1073/
pnas.2301342120

6. Schmidt HHHW. The end of medicine as we know it—and why your health has a
future. Cham: Springer International Publishing (2022).

7. Marmot M, Allen J, Bell R, Bloomer E, Goldblatt P. Consortium for the European
Review of Social Determinants of Health and the Health Divide. WHO European
review of social determinants of health and the health divide. Lancet (2012) 380
(9846):1011-29. doi: 10.1016/S0140-6736(12)61228-8

8. Marmot M. Health equity in England: the Marmot review 10 years on. BMJ (2020)
368:m693. doi: 10.1136/bmj.m693

Frontiers in Science

03

10.3389/fsci.2024.1349430

9. Bowleg L. We're not all in this together: on COVID-19, intersectionality, and
structural inequality. Am ] Public Health (2020) 110(7):917. doi: 10.2105/
AJPH.2020.305766

10. Chung RY-N, Lee TT-Y, Chan SM, Chung GK-K, Chan YH, Wong SY-§, et al.
Experience of South and Southeast Asian minority women in Hong Kong during
COVID-19 pandemic: a qualitative study. Int ] Equity Health (2023) 22(1):110.
doi: 10.1186/512939-023-01922-6

11. Kira IA, Shuwiekh HAM, Alhuwailah A, Ashby JS, Sous Fahmy Sous M, Baali
SBA, et al. The effects of COVID-19 and collective identity trauma (intersectional
discrimination) on social status and well-being. Traumatology (2021) 27(1):29-39.
doi: 10.1037/trm0000289

12. Takian A, Kiani MM, Khanjankhani K. COVID-19 and the need to prioritize
health equity and social determinants of health. Int J Public Health (2020) 65(5):521-3.
doi: 10.1007/s00038-020-01398-z

13. Abbasi K. Covid-19: social murder, they wrote-elected, unaccountable, and
unrepentant. BMJ (2021) 372:n314. doi: 10.1136/bmj.n314

14. Ghiara V, Russo F. Reconstructing the mixed mechanisms of health: the role of
bio- and sociomarkers. Longitud Life Course Stud (2019) 10(1):7-25. doi: 10.1332/
175795919X15468755933353

15. Dionisio P, Nikolov R, Gyrard A, Petelova K, Eberle W, Sanjuan Vinas L, et al. AI
for better health: AIOTI WG Health white paper (2022). Available at: https://hdLhandle.
net/10468/14552 (Accessed November 28, 2023).

frontiersin.org


https://doi.org/10.3389/fsci.2023.1239462
https://doi.org/10.1093/oxfordjournals.aje.a112335
https://doi.org/10.1093/oxfordjournals.aje.a112335
https://doi.org/10.1073/pnas.0701361104
https://doi.org/10.1073/pnas.0701361104
https://doi.org/10.1126/science.1257601
https://doi.org/10.1073/pnas.2301342120
https://doi.org/10.1073/pnas.2301342120
https://doi.org/10.1016/S0140-6736(12)61228-8
https://doi.org/10.1136/bmj.m693
https://doi.org/10.2105/AJPH.2020.305766
https://doi.org/10.2105/AJPH.2020.305766
https://doi.org/10.1186/s12939-023-01922-6
https://doi.org/10.1037/trm0000289
https://doi.org/10.1007/s00038-020-01398-z
https://doi.org/10.1136/bmj.n314
https://doi.org/10.1332/175795919X15468755933353
https://doi.org/10.1332/175795919X15468755933353
https://hdl.handle.net/10468/14552
https://hdl.handle.net/10468/14552
https://doi.org/10.3389/fsci.2024.1349430
https://www.frontiersin.org/journals/science
https://www.frontiersin.org

	Societal factors in network medicine and causation
	Key points
	Statements
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	References


