


Therapeutic Strategies Targeting the Endocrine-Metabolic-Immunological Response to Trauma: A Systematic Review


ABSTRACT
Background: The Endocrine-Metabolic-Immunological Response to Trauma (REMIT) encompasses a complex set of physiological adaptations triggered immediately after trauma events—such as injury, surgery, burns, or haemorrhage—with the aim of restoring homeostasis, maintaining tissue perfusion, and providing the energy needed for survival. 
Objective: This systematic review aims to evaluate the clinical effectiveness, associated risks, and applicability of key therapeutic strategies designed to modulate the endocrine-metabolic-immunological response to trauma (REMIT). The analysis focuses on interventions targeting the endocrine, metabolic, and immunological axes in critically ill or polytraumatized adult patients.
Methodology: A systematic literature review was conducted. Searches were conducted in PubMed, SciELO, LILACS, BVS, and MEDLINE databases from January 2014 to April 2024. The review followed PRISMA guidelines. Included studies were original research (clinical trials, cohort studies, experimental models, and systematic reviews) involving adult patients with physical, surgical, or burn trauma. Filters were applied to include only full-text studies published in Portuguese, English, or Spanish, involving human adults (≥18 years). Duplicates were removed using Mendeley reference manager. Interventions analysed included glycemic control, nutrition, immunonutrition, beta-blockers, corticosteroids, antioxidants, and DAMP-targeting therapies. Selection, data extraction, and methodological quality assessment were independently conducted by two reviewers using appropriate tools (ROBIS, Cochrane, NOS).
Results: Out of 117 studies screened, 15 were included, covering diverse trauma types and interventions. Early enteral nutrition, immunonutrients, and beta-blockers demonstrated the most positive clinical impact, reducing infectious complications, organ dysfunction, and hospital stay. Experimental therapies like DAMP inhibition and mitochondrial modulation showed promise in animal models. Intensive glycemic control and corticosteroid use had limited benefits and posed risks such as hypoglycemia and immunosuppression. Treatment approaches varied widely depending on trauma type and severity.
Conclusion: Effective modulation of REMIT requires integrated, individualised interventions. Early enteral nutrition and immunonutrition are supported by the strongest clinical evidence. Further multicenter trials and biomarker development are needed to optimise therapeutic decision-making and improve outcomes in critical care.
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1. INTRODUCTION
A traumatic experience is an event that can pierce into the integrity of an individual or a group, causing distress, feelings of helplessness, horror, or intense fear. It is worth mentioning that, while as much as 90% of the general population experience traumatic stress, only 20–30% of them develop post-traumatic stress disorder (Al Jowf et al., 2022). The Endocrine-Metabolic-Immunological Response to Trauma (REMIT) encompasses a complex set of physiological adaptations triggered immediately after trauma events—such as injury, surgery, burns, or haemorrhage—with the aim of restoring homeostasis, maintaining tissue perfusion, and providing the energy needed for survival (1,2). This response operates through three main interconnected axes: endocrine, metabolic, and immunological. Any trauma to the body inflicts a barrier breach in three-dimensional space and one in time. Damage signals from cellular, vascular and nerve injury are sent around the body, and to the Central Nervous System (CNS) via nerve afferents and resident damage control mechanisms to begin the process of tissue repair and remodelling (Dobson et al., 2022; Guha et al., 2023). 
The endocrine axis is rapidly activated through the hypothalamic-pituitary-adrenal (HPA) axis and sympathetic nervous system, leading to the release of cortisol, catecholamines (adrenaline and noradrenaline), glucagon, ADH, and other hormones (1,3). These mediators promote vasoconstriction, blood pressure maintenance, energy mobilisation, and insulin resistance (1,3,4).
In the metabolic axis, hyperglycemia, gluconeogenesis, insulin resistance, protein catabolism, and lipolysis are observed. Free fatty acids may meet up to 50–80% of energy demands during acute stress (1,3,5). While these responses ensure rapid energy supply, they can also cause lean mass degradation and prolonged metabolic dysfunction (2,3).
The immunological axis involves the release of pro-inflammatory cytokines (IL-1, IL-6, TNF-α), activation of leukocytes and the complement system as central defence mechanisms. However, this response can escalate into systemic inflammation and organ dysfunction (1,4,6).
These axes interact intricately: cortisol and catecholamines amplify catabolism and modulate inflammation, while pro-inflammatory cytokines stimulate HPA axis activation, forming an adaptive feedback loop (1,4,7). While vital for immediate survival, this coordination can become dysregulated, resulting in systemic inflammatory response syndrome (SIRS), sepsis, and multiple organ failure (1,4,6,7).
Proper management of REMIT is therefore crucial for improving outcomes in polytraumatized or critically ill patients (Salvo et al., 2025). Without modulation, the persistent stress response may lead to muscle catabolism, immune dysfunction, increased sepsis risk, and mortality (8). Therapeutic strategies—such as glycemic control, early nutritional support, cautious corticosteroid use, and immunonutrition—have been associated with reduced complications and better functional recovery (9,10).
Nevertheless, there are still important gaps in the clinical management of REMIT. These include the lack of standardised protocols integrating all three axes, uncertainties regarding optimal metabolic targets (e.g., glycemic thresholds or route of nutrition), and limited, conflicting evidence for immunomodulatory therapies (9,11,12). Additionally, few studies address personalised treatment approaches based on trauma type, age, comorbidities, or the evolving phase of the stress response (9,12).
This context highlights the urgent need to synthesise available evidence through a comprehensive systematic review.
2. MATERIAL AND METHODS
This systematic review was conducted following the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines to ensure transparency and methodological rigour throughout the process.
Databases and Search Strategy
The literature search was carried out between January 2014 and April 2024 across the following databases: PubMed, SciELO, LILACS, BVS, and MEDLINE. The search strategy combined descriptors related to trauma and systemic physiological response using Boolean operators: (“trauma” OR “injury” OR “burn” OR “surgical trauma”) AND (“stress response” OR “metabolic response” OR “immune response” OR “endocrine response”) AND (“therapeutic strategies” OR “interventions” OR “modulation”).
Filters were applied to include only full-text studies published in Portuguese, English, or Spanish, involving human adults (≥18 years). Duplicates were removed using Mendeley reference manager.
Eligibility Criteria
Studies were included if they met the following criteria:
· Original studies (randomised clinical trials, cohort studies, experimental models, or systematic reviews).
· Published between 2014 and 2024.
· Investigated therapeutic interventions targeting the endocrine, metabolic, or immune axes in adult trauma patients (e.g., physical trauma, burns, surgical trauma, haemorrhage).
· Assessed clinical outcomes such as infection rate, inflammatory markers, metabolic control, organ dysfunction, or mortality.
Exclusion criteria:
· Case reports, expert opinions, and narrative reviews without critical analysis.
· Pediatric populations or patients with trauma secondary to obstetric or iatrogenic causes.
· Studies not evaluating the effects of interventions on REMIT-related outcomes.
Study Selection and Data Extraction
Two independent reviewers screened the titles and abstracts according to the inclusion criteria. Eligible full texts were analysed in detail to extract data related to study design, sample characteristics, type of trauma, intervention applied, and clinical outcomes. Discrepancies between reviewers were resolved by consensus or consultation with a third reviewer.
Quality Assessment
The methodological quality of the included studies was evaluated using appropriate tools:
· ROBIS (Risk Of Bias In Systematic reviews) for included systematic reviews.
· Jadad scale for randomised clinical trials.
· Newcastle-Ottawa Scale (NOS) for observational studies.
The risk of bias, study limitations, and heterogeneity of interventions were also considered during synthesis and interpretation of results.
3. RESULTS 
Table 1. Studies Included in the Systematic Review
	Author (Year)
	Study Type
	Population
	Intervention
	Main Findings

	MacColl et al. (2024)
	Physiological review
	Patients with acute trauma
	Discussion of metabolic cascade and clinical strategies
	Highlights hypermetabolism; recommends aggressive glycemic and thermal control

	Bouras et al. (2022)
	Narrative review
	Patients with TBI
	Immunomodulatory therapies post-TBI
	Neuroimmune regulation may prevent infection and late dysfunction

	Skelton & Purcell (2020)
	Experimental review
	Animal trauma models
	Preclinical models for immune regulation
	Models replicate inflammatory response and are useful for testing interventions

	Aswani et al. (2018)
	Experimental study
	Animal model of trauma/haemorrhage
	Circulating mitochondrial DNA blockade
	Reduced organ failure and inflammation via DAMP inhibition

	Lederer (2014)
	Theoretical review
	Polytraumatized patients
	Discussion of trauma as an inflammatory disease
	Suggests the need for specific immunoregulatory therapies

	Li & Shen (2017)
	Narrative review
	Critically ill/trauma patients
	Early enteral nutrition
	Fewer complications and better immunometabolic response

	Chignalia et al. (2015)
	Thematic review
	Patients with pulmonary trauma
	Study of endothelial glycocalyx
	Glycocalyx as a therapeutic target for inflammation and endothelial dysfunction

	Palmer et al. (2019)
	Cohort study
	Elderly polytraumatized patients
	Inflammatory and hormonal biomarker analysis
	Frailty associated with ↑ TNF-α, IL-6 and ↓ IGF-1

	Al-Tarrah et al. (2017)
	Narrative review
	Burn patients
	Influence of sex hormones
	Immunological and inflammatory effects mediated by estrogen and testosterone

	Horner et al. (2023)
	Narrative review
	Patients with severe trauma
	Blockade of immunosuppressive DAMPs
	Reduced post-trauma immune dysfunction via DAMP inhibition

	Hazeldine et al. (2015)
	Critical review
	Elderly trauma patients
	Immunosenescence and chronic inflammation
	Immune frailty in the elderly worsens prognosis

	Cabrera et al. (2017)
	Molecular study
	Patients with severe trauma
	Identification of organ dysfunction biomarkers
	Inflammatory signatures predict early multi-organ failure

	Bonaroti et al. (2021)
	Multiplexing study
	Trauma and sepsis patients
	Cytokine analysis via multiplex technology
	Inflammatory network mapping to guide therapy

	Valade et al. (2021)
	Experimental study
	Trauma models
	Stem cell-derived extracellular vesicles
	Reduced inflammation and organ dysfunction in experimental models

	McBride et al. (2020)
	Narrative review
	Immunosuppressed post-trauma
	Mitochondrial modulation
	Mitochondrial dysfunction as a therapeutic target in immune suppression


source: authors (2025)
Table 2. Main therapeutic interventions by REMIT axis and related outcomes
	REMIT Axis
	Therapeutic Strategy
	Study
	Main Outcomes

	Endocrine
	Beta-blockers (e.g., propranolol)
	MacColl & Morton (2024) (13)
	Reduced cardiac stress and hypermetabolism in burn trauma

	Endocrine
	Sex hormone modulation (estrogen, testosterone)
	Al-Tarrah et al. (2017) (21)
	Modulated inflammatory and immune response

	Endocrine
	Corticosteroids
	Lederer (2014) (17)
	Discussed as potentially immunosuppressive if used chronically

	Metabolic
	Early enteral nutrition
	Li & Shen (2017) (18)
	Fewer infections, improved glycemic control, and reduced catabolism

	Metabolic
	Immunonutrition (glutamine, omega-3)
	Rahman et al. (2020) (12); Li & Shen (2017) (18)
	Anti-inflammatory effects, varied clinical efficacy

	Metabolic
	Mitochondrial modulation
	McBride et al. (2020) (27)
	Targeted reversal of immunosuppression via mitochondrial support

	Immune
	DAMP blockade (mitochondrial DNA scavenging, etc.)
	Aswani & Manson (2018) (16); Horner & Lord (2023) (22)
	Reduced inflammation and organ dysfunction

	Immune
	Mesenchymal stem cell-derived extracellular vesicles
	Valade et al. (2021) (26)
	Reduced systemic inflammation and organ injury in experimental models

	Immune
	Immune aging and frailty analysis
	Hazeldine & Lord (2015) (23); Palmer et al. (2019) (20)
	Inflammatory vulnerability in the elderly worsens trauma outcomes

	Immune
	Multiplex cytokine mapping
	Bonaroti et al. (2021) (25)
	Biomarker network analysis to guide personalised immune therapy


source: authors (2025)
Table 3. Summary of clinical benefit and evidence consistency across included studies
	Study
	Clear Clinical Benefits
	Contradictory Results / Limitations

	MacColl & Morton (2024) (13)
	Yes
	Review only; lacks original clinical data

	Bouras & Asehnoune (2022) (14)
	Yes
	Specific to TBI, limited generalizability

	Li & Shen (2017) (18)
	Yes
	Mostly observational data; moderate level of evidence

	Rahman et al. (2020) (12)
	Yes (for immunonutrition)
	Heterogeneity between trials and small sample sizes

	Valade et al. (2021) (26)
	Promising (experimental)
	Preclinical only; not yet validated in humans

	Aswani & Manson (2018) (16)
	Promising (experimental)
	Experimental model only; translation to clinical use needed

	Palmer et al. (2019) (20)
	Yes (biomarker correlation)
	No intervention evaluated; observational design

	Hazeldine & Lord (2015) (23)
	Yes (conceptual analysis)
	Theoretical basis: lacks direct therapeutic application

	McBride et al. (2020) (27)
	Promising (mitochondrial)
	Needs clinical testing in trauma populations

	Bonaroti et al. (2021) (25)
	Informative for stratification
	Diagnostic only; does not test interventions

	Horner & Lord (2023) (22)
	Promising (anti-DAMPs)
	Preclinical evidence; no clinical trial available


source: authors (2025)
Table 4. Variation of therapeutic strategies according to trauma type or severity
	Trauma Type
	Preferred or Studied Strategies
	Studies

	Blunt Trauma
	Beta-blockers to attenuate adrenergic response; immunonutrition; early enteral nutrition
	MacColl & Morton (2024) (13); Li & Shen (2017) (18)

	Burns
	Beta-blockers to reduce hypermetabolism; hormone modulation (estrogen/testosterone); antioxidant and mitochondrial therapies
	Al-Tarrah et al. (2017) (21); McBride et al. (2020) (27)

	Surgical Trauma
	Early enteral nutrition; glycemic control; reduction of inflammatory complications
	Li & Shen (2017) (18); Casaer & Van den Berghe (2014) (10)

	Traumatic Brain Injury (TBI)
	Immunomodulators to prevent late immune suppression; cytokine regulation; modulation of blood-brain barrier inflammation
	Bouras & Asehnoune (2022) (14)

	Polytrauma in the Elderly
	Inflammatory biomarker monitoring; focus on immunosenescence; limited tolerance to metabolic therapies
	Palmer et al. (2019) (20); Hazeldine & Lord (2015) (23)


source: authors (2025)
4. DISCUSSION
The results of this systematic review indicate that therapeutic modulation of the endocrine-metabolic-immunological response to trauma (REMIT) offers clinical benefits when based on integrated and targeted approaches. Among the interventions studied, those with the highest level of evidence and clearest clinical impact were early enteral nutrition, beta-blockers, and immunonutrition.
Early enteral nutrition demonstrated consistent efficacy in reducing infectious complications, improving glycemic and metabolic control, and preserving intestinal and immunological barrier integrity [(10,18)]. These benefits are attributed to the physiological stimulation of the gastrointestinal tract, prevention of bacterial translocation, and attenuation of catabolic processes triggered by trauma.
Beta-blockers, particularly propranolol, were highlighted in patients with severe trauma and burns due to their ability to mitigate adrenergic hyperactivation, reduce resting energy expenditure, and limit cardiac and metabolic overload [(13,21)]. Their effectiveness is supported by the understanding that trauma triggers an exaggerated sympathetic response, which, if prolonged, worsens metabolic and immune imbalance.
Immunonutrients, such as omega-3 fatty acids, glutamine, and arginine, also showed benefits in certain contexts by modulating the immune response, reducing oxidative stress, and improving nitrogen balance [(12,18)]. However, their effectiveness depends on timing, composition, and individual patient factors.
Mechanistically, the success of these therapies is supported by their action on key pathophysiological pathways. For example, the inhibition of DAMPs (Damage-Associated Molecular Patterns) and mitochondrial dysfunction aims to reduce the release of pro-inflammatory mediators and prevent immune exhaustion, a process demonstrated in experimental models [(16,22,26)]. Similarly, the role of hormonal modulation (e.g., estrogens) in burn trauma suggests that sex hormones influence post-trauma inflammation, with evidence pointing to immunoregulatory effects [(21)].
Despite these promising findings, several interventions—such as corticosteroids and intensive glycemic control—have shown inconsistent or even deleterious results. Corticosteroids, although anti-inflammatory, are associated with immune suppression and increased infection risk when used indiscriminately [(17)]. Similarly, tight glycemic control may result in hypoglycemia and adverse outcomes in critically ill patients [(10)].
5. CONCLUSION
The modulation of the endocrine-metabolic-immunological response to trauma (REMIT) is essential for improving clinical outcomes in critically ill or polytraumatized patients. Although this physiological response initially plays an adaptive role, its prolonged or exacerbated activation can lead to severe complications such as sepsis, organ dysfunction, and increased mortality.
This systematic review identified that early enteral nutrition, beta-blockers, and immunonutrition represent the most evidence-based and effective strategies for positively influencing REMIT. These interventions act on different physiological axes and help restore homeostasis while minimising adverse effects. In contrast, therapies such as corticosteroids or tight glycemic control showed limited or conflicting results and require cautious, individualised use.
Nonetheless, the literature still presents significant gaps, particularly regarding the integration of therapeutic strategies across REMIT’s three axes and the personalisation of treatment based on trauma type, patient frailty, and biological markers. Therefore, future studies—especially multicenter randomised clinical trials—are essential to guide safe and effective implementation of these strategies in routine clinical practice.
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