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This contribution outlines current research aimed at developing models for personalized type 2 diabetes mellitus
(T2D) prevention in the framework of the European project PRAESIIDIUM (Physics Informed Machine Learn-
ing-Based Prediction and Reversion of Impaired Fasting Glucose Management) aimed at building a digital twin
for preventing T2D in patients at risk. Specifically, the modelling approaches include both a multiscale, hybrid
computational model of the human metaflammatory (metabolic and inflammatory) status, and data-driven mod-
els of the risk of developing T2D able to generate personalized recommendations for mitigating the individual
risk. The prediction algorithm will draw on a rich set of information for training, derived from prior clinical data,
the individual’s family history, and prospective clinical trials including clinical variables, wearable sensors, and
a tracking mobile app (for diet, physical activity, and lifestyle). The models developed within the project will be
the basis for building a platform for healthcare professionals and patients to estimate and monitor the individual
risk of T2D in real time, thus potentially supporting personalized prevention and patient engagement.
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1. Introduction

Diabetes is a chronic disease affecting about 10.5% of the global population and characterized by abnormally
increased blood glucose level and associated with complications such as cardiovascular and neurological diseases.
Type-2 diabetes (T2D) is characterised by insulin resistance (i.e., the insulin hormone cannot effectively regulate
the blood glucose levels) and/or a failure in compensatory mechanisms for insulin secretion (i.e., the body does not
correctly use the insulin produced) [1]. Prediabetes is an early-stage condition in the “healthy-to-T2D transition”
but, unlike T2D, it can be reversed, for example by lifestyle modification. However, despite high-quality prevention
guidelines, prevention of T2D remains a global challenge. Developing prevention strategies to reduce the risk of
T2D is of paramount importance to limit the burden of disease. Individualized recommendations can be more
effective than ‘one size fits all’ approaches in supporting patient motivation and behaviour change.

To support personalized prevention in patients at risk of T2D, data-driven approaches using digital twin tech-
nology can be helpful to support patient awareness and engagement. For example, digital twins can be used to
monitor the individual risk in real time, thus helping the patient understand how the risk decreases as a function of
preventive strategies (e.g., diet, physical activity, improved lifestyle, medications). Recently, the European project
PRAESIIDIUM1 (Physics Informed Machine Learning-Based Prediction and Reversion of Impaired Fasting Glu-

1https://praesiidium.spindoxlabs.com/
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cose Management), including 11 participants from seven countries, was launched with the objective to develop an
AI-based tool coupled with multi-scale, multi-organ integrated mathematical equations for the real-time prediction
of the prediabetes risk of an individual and the identification of personalized recommendations to reduce and mon-
itor the individual risk in real time. Within the framework of PRAESIIDIUM, we have developed a combination of
methods, including multiscale modelling and data-driven modelling, as a basis for a digital twin able to characterize
the individual risk of developing T2D and identify personalized countermeasures to reduce the risk.

2. Multiscale modelling: Mission-T2D (MT2D)

MT2D is a computational model of the human metabolic and inflammatory status that is determined by the
individual dietary and activity habits2. MT2D embraces, to a certain degree of sophistication, different levels of
description from the molecular/cellular to organs and the whole-body and is based on the sub-jects-specific features
to achieve greater generalization and user-customization.

It includes a model for the food intake, stomach emptying and gut absorption of a mixed meal [2] (with the
three macronutrients proteins, carbohydrates, fats), a component to account for the effects of physical activity on the
hormones’ regulation [3], a description of the secretion of Interleukine-6 both by the skeletal muscle during physical
activity [4] and by the adipose tissue in resting conditions [5], giving evidence of its dual nature as an adipokine
(i.e., adipose tissue-derived cytokine) and as a myokine (i.e., muscle-derived cytokine), and a characterization of
energy intake-expenditure balance leading to gaining/losing weight and finally the detailing of the immunological
scenario of the subject [6]. All these components are merged into a single, integrated simulation tool with the aim
to provide and explore the systemic picture of the metaflammatory status of an individual, that can be potentially
exploited proactively to prevent the onset of T2D.

3. Data-driven modelling: Counterfactual explanations and multi-input multi-
output dynamic models

Counterfactual explanations (CE) are a local eXplainable AI technique and are defined as the set of minimal
changes that, applied to the input features related to a specific instance, can change its predicted class. We developed
a new method for generating CE using a Support Vector Data Description classifier to define personalized recom-
mendations to reduce the risk of T2D [7, 8, 9]. Using routinely collected biomarkers extracted from a balanced
dataset of Electronic Medical Records (EMRs, derived from the Canadian Primary Care Sentinel Surveillance Net-
work, CPCSSN3) of 5582 patients at low/high risk of developing T2D, we determined low-T2D-risk regions with
varying specificity, and we assessed the related CE using quantitative performance metrics (e.g., availability, valid-
ity, actionability) and a qualitative survey administered to expert clinicians. The minimum viable changes implied
a significant modification of fasting blood sugar, systolic blood pressure, triglycerides, and high-density lipoprotein
to lower the risk of T2D, particularly in hypertensive patients. The surveyed experts were overall satisfied with the
proposed method and provided suggestions for building more meaningful recommendations. Future research will
focus on a larger set of input features (e.g., medications) and on the extension to multi-class problems [9] (e.g., to
model the risk of multiple conditions, or health-prediabetes-T2D transitions).

In addition to CE, dynamic models were developed to investigate the long-term trajectories of biomarkers in
patients at high/low risk of developing T2D and assess the individual risk several years before the onset. We have
developed a multi-input multi-output approach based on a Multivariate Gaussian Process Model with an autore-
gressive structure [10]. Using routinely collected data (biomarkers, comorbidities, and medications) extracted from
CPCCSN3 EMRs from three or more consecutive years from 667 T2D patients (before diagnosis) and from 25094
no-T2D patients, we observed that the slow dynamics of biomarkers (e.g., blood pressure, body mass index, lipids,
fasting blood sugar) were able to model accurately the long-term evolution in real patients and were consistent with
the literature. Future research includes developments of more specific models (e.g., for male/females, for patients

2https://kraken.iac.rm.cnr.it/T2DM/
3http://cpcssn.ca
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with/without comorbidities or risk factors), validation on large real-world datasets, and individualized modelling
of the short- and long-term effects of physical activity on T2D risk [11].

4. Conclusions

The combination of multiscale and data-driven models, backed by data from real-world retrospective databases
and data from ad hoc, prospective clinical trials in the project PRAESIIDIUM can help in building personalized
algorithms for estimating, monitoring, and reducing the individual risk of developing T2D. The proposed modelling
approach can be the basis for building a digital twin for T2D prevention that can support individuals in gaining
awareness of the factors influencing the risk, thus potentially engaging patients in safeguarding their own health.
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