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Summary

In the intensive care unit (ICU), the importance of glycaemic control for the survival of critically
ill patients has been demonstrated, as a result of the common occurrence of stress-induced
hyperglycaemia. While the main actor of this glycaemic control is insulin, another important
component for critically ill patients is the nutritional support. Historically, the paradigm
of clinical nutrition has often relied on standardised recommendations (a ”one-size-fits-all”
approach), but the concept of personalised nutrition has recently emerged, aiming to tailor the
caloric intake to the evolving metabolic state and tolerance of each individual patient.

In this context, the Stochastic TARgeted (STAR) protocol embodies this shift toward highly
personalised management. Designed as a combination of physiological and stochastic models
clinically validated for glycaemic control, STAR continuously evaluates patient-specific insulin
sensitivity. By employing stochastic forecasting to anticipate future patient evolutions, the
algorithm recommends a combination of insulin and nutrition. This approach optimises caloric
delivery for each patient while ensuring the maintenance of strict normoglycaemia, thereby
illustrating a specific approach for personalised nutrition in critical care.

The objective of this work is to causally evaluate the impact of several standardised nutritional
strategies (such as the ESPEN guidelines or aggressive early feeding) compared to the unrestricted
and adaptive management of the STAR protocol. While conducting a randomised controlled trial
is the gold standard to answer such causal questions, this study uses observational data. Utilising
retrospective clinical data, several challenges have to be overcome, such as the verification of
the identifiability conditions inherent to all causal inference studies. However, the main concern
arises from the lack of randomisation encountered in observational studies.

Consequently, the methodology of this work is rooted in the rigorous Target Trial Emulation
framework. Regarding the statistical methods, the parametric g-formula was implemented
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to model these interventions while adjusting for baseline and time-varying confounders and
accounting for competing events.

The results demonstrate that restricting the STAR protocol to strictly follow international
guidelines (formulated by the ESPEN) offers no significant advantage over the unrestricted
STAR protocol, thereby validating the efficacy and safety of the unrestricted STAR protocol.
Furthermore, the study confirms the clinical risks associated with an early high-nutrition
strategy, which led to an increase in mortality at both the ICU and hospital levels. Finally, a
comprehensive analysis of the starvation scenario highlighted the mathematical limitations of
causal inference algorithms when faced with a lack of longitudinal data (positivity violations),
underscoring the importance of rigorous clinical interpretation when applying predictive models.

Résumé

Aux soins intensifs, l’importance du contrôle glycémique sur la survie de patients gravement
malades a été démontrée, en conséquence de l’apparition commune d’hyperglycémies de stress.
Alors que l’acteur principal du contrôle glycémique est l’insuline, un autre acteur important pour
ces patients est le support nutritionnel. Historiquement, le paradigme de la nutrition clinique
a reposé sur des recommandations standards (selon une approche ”one-size-fits-all”), mais le
concept de nutrition personnalisée a récemment émergé, visant à calibrer l’apport calorique à
l’évolution de l’état métabolique et de la tolérance de chaque patient.

Dans ce contexte, le protocole STAR (Stochastic TARgeted) incarne cette transition vers une prise
en charge hautement personnalisée. Conçu comme une combinaison de modèles physiologiques
et stochastiques cliniquement validés pour le contrôle glycémique, STAR évalue en continu
la sensibilité à l’insuline propre à chaque patient. En utilisant des prévisions stochastiques
pour anticiper les évolutions futures du patient, l’algorithme recommande une combinaison
d’insuline et de nutrition. Cette approche optimise l’apport calorique pour chaque patient tout
en garantissant le maintien d’une normoglycémie stricte, illustrant ainsi une approche spécifique
de la nutrition personnalisée en soins intensifs.

L’objectif de ce travail est d’évaluer de manière causale l’impact de plusieurs stratégies nutri-
tionnelles standardisées (telles que les directives de l’ESPEN ou une alimentation précoce et
agressive) par rapport à la gestion libre et adaptative du protocole STAR. Bien que la réalisation
d’un essai contrôlé randomisé soit la référence absolue pour répondre à de telles questions cau-
sales, cette étude s’appuie sur des données observationnelles. L’utilisation de données cliniques
rétrospectives impose de surmonter plusieurs défis, comme la vérification des conditions d’iden-
tifiabilité inhérentes à toute étude d’inférence causale. Cependant, la préoccupation principale
découle de l’absence de randomisation propre aux études observationnelles.

Par conséquent, la méthodologie de ce travail s’enracine dans le cadre rigoureux de l’émulation
d’un essai cible (Target Trial Emulation). Concernant les méthodes statistiques, la g-formula
paramétrique a été implémentée pour modéliser ces interventions, tout en ajustant les variables de
confusion initiales et dépendantes du temps, et en prenant en compte les événements concurrents.

Les résultats démontrent que le fait de restreindre le protocole STAR pour suivre strictement
les directives internationales (formulées par l’ESPEN) n’offre aucun avantage significatif par
rapport au protocole STAR non restreint, validant ainsi l’efficacité et la sécurité de ce dernier.
De plus, l’étude confirme les risques cliniques associés à une stratégie de nutrition précoce
élevée, qui entrâıne une augmentation de la mortalité tant aux soins intensifs qu’à l’échelle de
l’hôpital. Enfin, une analyse approfondie du scénario de privation nutritionnelle (starvation) a
mis en évidence les limites mathématiques des algorithmes d’inférence causale face au manque de
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données longitudinales (violations de la positivité), soulignant l’importance d’une interprétation
clinique rigoureuse lors de l’application de modèles prédictifs.

Outcome & Interventions Risk (%, 95% CI) Risk Ratio (95% CI) Risk Difference (%, 95% CI)

ICU Mortality

Natural course 14.93 [12.55 , 17.70] 1.00 0.00

ESPEN 15.30 [12.84 , 17.47] 1.02 [0.96 , 1.09] 0.36 [-0.54 , 1.23]

Starvation 13.62 [10.43 , 16.67] 0.91 [0.76 ; 1.07] -1.29 [-3.33 , 1.11]

High nutrition 15.81 [13.14 , 18.75] 1.06 [0.91 , 1.19] 0.92 [-1.29 , 2.83]

Day-3 80% 15.09 [12.62 , 17.44] 1.01 [0.98 , 1.05] 0.20 [-0.27 , 0.68]

Hospital Mortality

Natural course 19.13 [16.61 , 21.84] 1.00 0.00

ESPEN 19.52 [16.78 ; 21.97] 1.02 [0.96 , 1.09] 0.39 [-0.71 ; 1.61]

Starvation 16.36 [13.29 , 19.63] 0.86 [0.74 , 0.97] -2.77 [-5.01 , -0.52]

High nutrition 21.59 [17.63 , 24.93] 1.13 [1.00 , 1.26] 2.45 [-0.01 , 4.56]

Day-3 80% 19.35 [16.59 , 21.97] 1.01 [0.98 , 1.04] 0.22 [-0.39 , 0.83]

Note : CI = Confidence Interval. The risk ratios and risk differences are computed comparing the intervention of
interest to the natural course.

Table 1 – Causal effects of nutritional strategies on ICU and Hospital mortality estimated via
the parametric g-formula in the target population.
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Figure 1 – Results of the parametric g-formula on the target population to estimate the
cumulative ICU mortality under ESPEN, compared to the Natural course.
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(a) Illustration of the risk ratios of ICU mortality
in the different subgroups.

(b) Illustration of the risk ratios of Hospital mor-
tality in the different subgroups.

Figure 2 – Forrest plots of the risk ratios under ESPEN in the different subgroups.
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