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Abstract: Background/Objectives: Sepsis is a life-threatening condition characterized by an imbal-
anced immune response to infection, posing a significant challenge in hospital settings due to its
high morbidity and mortality rates. While much attention has been given to patients in the ICU,
uncertainties remain regarding the nutritional management of septic patients in non-intensive wards.
This narrative review aims to address these gaps by exploring key aspects of nutritional care in
sepsis patients admitted to non-intensive wards. Methods: We examine the pathophysiological
mechanisms driving metabolic alterations in sepsis, methods for effective nutritional assessment,
and supplementation strategies, including the potential role of specific nutrients. Additionally, we
discuss the preventive role of nutrition, with a focus on gut microbiota modulation. Conclusions: By
synthesizing the available literature, this review provides evidence-based insights to guide nutritional
strategies for managing sepsis in patients hospitalized in non-intensive wards and highlights critical
areas for future research.
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1. Introduction

According to the Sepsis-3 Consensus, sepsis is defined as life-threatening organ dys-
function caused by a dysregulated host response to infection [1]. Septic shock is a subset of
sepsis, characterized by profound circulatory, cellular, and metabolic abnormalities. It is
clinically identified by the need for vasopressors to maintain a mean arterial pressure of
≥65 mm Hg and a serum lactate level > 2 mmol/L in the absence of hypovolemia.

Several molecular mechanisms are involved in the pathogenesis of sepsis. The most
important are immune-inflammatory dysfunction, complement deactivation, mitochondrial
damage, and endoplasmic reticulum stress. The severity and prognosis of sepsis do
not depend on the pathogenic mechanism, which is common, but on the interaction
between host characteristics (such as age, ethnicity, genetic variability, comorbidities, and
medications) and pathogen-related factors (including type, load, antimicrobial resistance,
and site of infection) [2,3].

Sepsis is a common cause of hospitalization and long-term hospital stays worldwide,
with the incidence increasing particularly in Western countries [4]. It frequently affects
patients who are elderly and frail, have multiple comorbidities, or suffer from chronic
end-stage disease [5]. This subset of septic patients is often admitted to non-intensive
wards under three possible scenarios: (1) when vital function support is not required due
to the absence of septic shock and/or multiorgan dysfunction; (2) in cases of septic shock
and/or multiorgan dysfunction, but ICU admission is deemed futile due to the patient’s
age and comorbidities; and (3) immediately after initial stabilization of vital functions in the
ICU. Literature data confirm that, even in severe clinical courses, only a minority (20–30%)
of septic patients received intensive care. In view of the high mortality rate (between 15 and
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56%), sepsis must be suspected, recognized, and treated immediately [6]. Early treatment
is associated with a significant improvement in outcomes. Antimicrobial therapy should be
initiated as soon as possible in patients with sepsis or septic shock, ideally within the first
hour of recognition. Each hour of delay is associated with an additional 4% risk of death [7].
Equally important is the resuscitation of patients with hypovolemia, hypoperfusion, or
septic shock using crystalloids and/or vasopressors [8]. Until shock is controlled, enteral or
parenteral nutrition is strictly contraindicated. It is only after this initial hyperacute phase
that the complex issue of nutritional support arises, which we have addressed in this article.
In particular, we focused on the proper management of nutritional therapy in patients with
sepsis admitted to non-intensive wards.

2. Methods

We conducted a comprehensive screening of articles written in English from January
2000 to August 2024. We searched PubMed, MEDLINE, and Cochraine databases using the
following Medical Subject Headings: “sepsis” OR “septic” AND “nutrition”, “metabolism”,
“gut microbiota”, “prevention”. We also manually searched the reference lists of the selected
articles. We excluded book chapters, conference annals, case reports, animal and pediatric
studies, and articles for which no full text was available. After screening, we discussed and
agreed on the articles to be included in this review.

We used the GRADE approach to assess the quality of evidence as high, moderate,
low, and very low [9].

3. Metabolic Alterations in Sepsis

The pathogens causing sepsis in adults can be bacteria, fungi, or viruses. Bacterial
etiology (Gram-negative, Gram-positive, or mixed) is still by far the most common [10].
Fungal sepsis follows, mainly due to invasive candidiasis [11]. Fungal sepsis particularly
affects immunocompromised patients, post-operative patients, and those undergoing total
PN [12]. Only during the initial phase of the COVID-19 pandemic was there an exponential
increase (up to 15% of cases) in viral sepsis (SARS-CoV2) [13]. Outside of this exceptional
period, viral sepsis is rare. In developed countries, the virus most commonly associated
with sepsis is the influenza virus (1–4% of cases) [10,14].

The dysregulated host response to pathogens in sepsis results in a combination of
neuronal, endocrine, and immune-inflammatory abnormalities leading to profound micro-
and macro-hemodynamic and metabolic consequences [15–17]. These abnormalities result
in cellular dysfunction and varying degrees of organ dysfunction. The profound and
persistent disruption of various metabolic processes observed in sepsis evolves through
several phases, which correspond to the ongoing interaction between the pathogen and
host (Figure 1).

After a very early phase of abnormal response to the infection, which lasts hours
and is characterized by a “metabolic shock”, the body rapidly enters the so-called acute
catabolic phase [16]. A combination of cytokine storm, neurohormonal stress response
(involving catecholamines, corticosteroids, and glucagon), and insulin resistance play an
important role in the acute phase [16,18]. Fasting is common as voluntary food intake
ceases, contributing to the metabolic response we will discuss shortly. The body must
quickly meet its energy needs, which increase significantly in response to the pathogen’s
attack drawing on its reserves. This response is evolutionarily conserved and is essential for
short-term survival. However, if it continues for too long, it becomes harmful and causes
serious tissue damage. What at first glance looks like an ineffective and harmful response
must be interpreted in the light of relatively recent significant improvements in hospital
care. In the past, the outcome of sepsis-related organ dysfunction was decided within a few
days in an “all or nothing” scenario. Patients either succumbed to the infection or survived,
voluntarily resumed eating, and quickly made a full recovery. Today, however, modern
hospital care, both inside and outside the ICU, can also enable septic patients with frailty
and multimorbidity to survive [19]. During the catabolic phase, one of the most critical
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responses is the provision of energy substrates to the tissues, despite the sepsis-induced
mitochondrial dysfunction and overactivation of the immune-inflammatory response [17].
Glucose becomes the main substrate because glycolysis has the advantage of not requiring
oxygen, although it is associated with significantly lower energy production than the Krebs
cycle/oxidative phosphorylation even when fasting because insulin levels are elevated.
This allows peripheral tissues to utilize glucose as a primary energy source. In addition,
hepatic ketogenesis is minimally active during sepsis even when fasting because insulin
levels are elevated. This allows peripheral tissues to utilize glucose as a primary energy
source [16,18].
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Figure 1. Schematic representation of the complex metabolic alterations observed in the acute
phase of sepsis. Glucose becomes the primary substrate, as glycolysis has the advantage of not
requiring oxygen, although energy production is significantly lower than in the Krebs cycle. Hepatic
ketogenesis is suppressed by increased insulin levels. This allows peripheral tissues to utilize glucose
as a primary energy source. Hepatic glycogenolysis provides glucose for a short time. This is followed
by intensive endogenous glucose production (gluconeogenesis) in the liver from lactate, amino acids
derived from increased protein catabolism, and glycerol derived from increased lipolysis.

Hepatic glycogenolysis supplies glucose for a few hours in times of high demand, as
occurs in critical illnesses such as sepsis. As a result, intensive endogenous production of
glucose (gluconeogenesis) begins in the liver. The lactate produced during glycolysis is
quantitatively the most important precursor of gluconeogenesis, either directly (via the
Cori cycle) or indirectly as alanine (via the Cahill cycle, with the transfer of amino groups in
the muscle) [20,21]. These cycles lead to net energy loss, as they primarily serve to eliminate
waste products. The most important substrates for “de novo” glucose production in the
liver are glycerol from increased lipolysis in adipose tissue and amino acids from increased
protein catabolism, particularly in muscle [20,21]. The increased availability of amino acids
is not only essential for the synthesis of glucose but also for the production of proteins
that are crucial for the immune-inflammatory response against pathogens, and thus for
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recovery from sepsis. This endogenous glucose production is essential for survival and can
only be partially suppressed by exogenous glucose or insulin [16].

As already mentioned, although this adaptive response is beneficial in the short term,
it has serious long-term consequences. During the increased lipolysis associated with sepsis,
the release of fatty acids may exceed energy demands. Excess fatty acids re-esterified into
triglycerides can accumulate in the liver and muscle tissue (steatosis) and cause damage,
particularly in patients with predisposing conditions such as diabetes and obesity [22].
Protein catabolism is a significant problem in sepsis as it is massive and can lead to a
progressive loss of large amounts of LBM, which is associated with a poorer prognosis [23].
Nutritional support during the catabolic phase can reduce but not completely prevent this
loss, as it is part of the adaptive response mentioned above [19].

The anabolic phase begins once sepsis has resolved and the stress response subsides.
Only then can nutrition effectively counteract the negative protein (and energy) balance, so
that the damaged tissue can rebuild.

4. Nutritional Assessment and Treatment

The profound metabolic changes that occur in the various phases of sepsis require
quantitative and qualitative adaptation of nutritional support during the course of the
disease. In addition, patients are often so compromised, especially at the beginning of
the disease, that they are unable to eat for several days even if their gastrointestinal
tract is functioning. Therefore, a personalized nutritional plan is essential for the proper
management of these patients.

Unfortunately, there are few studies on the nutritional management of septic patients,
many are of poor quality, and almost all have been conducted in the ICU setting. Since the
pathogenic mechanisms underlying sepsis do not differ between patients in and out of the
ICU, it is plausible to consider the results of these studies as valid and to use them for the
nutritional management of patients admitted to non-intensive wards.

A tailored nutritional program for these patients must always be preceded by a thor-
ough nutritional assessment. Close monitoring is also required to adjust the program ac-
cording to metabolic changes and resumption of oral feeding. A multidisciplinary approach
is crucial, involving collaboration between attending physicians, dietitians and nutritionists,
and, if necessary, endoscopists, surgeons, and central venous access team experts.

On admission, it is important to check for pre-existing malnutrition and to assess the
risk of malnutrition [24]. For this purpose, the combination of general clinical assessment,
laboratory parameters, and validated scores is useful to predict the clinical outcome. Among
the laboratory parameters, nutritional biomarkers such as albumin and TTR deserve special
mention. Due to its long half-life (about 14–20 days), albumin is not considered useful
in assessing acute changes in nutritional status but remains a good marker of chronic
malnutrition. The advantage of TTR over albumin is its shorter half-life (2–3 days), so TTR
can change more rapidly with changes in nutrient intake [25].

However, neither molecule is a reliable marker of malnutrition in patients affected
by inflammatory diseases. The cytokine storm triggered by sepsis stimulates the liver to
synthesize inflammatory proteins, such as C-reactive protein, at the expense of albumin
and TTR. The latter remains a sensitive prognostic marker for a poor outcome due to
malnutrition and severity of illness [25].

Outside the ICU, TTR values > 0.16 g/L are associated with a good prognosis. It has
also been shown to be a reliable nutritional marker for refeeding follow-up. Outside the
ICU, an increase of >0.04 g/L per week indicates that the ongoing nutritional rehabilitation
program is effective [25].

Among the scores, CONUT, PNI, and NRS-2002 are the most commonly used. The
NRS-2002 score seems to be the most accurate [26]. The NUTRIC score is also useful,
although it has only been validated in ICU patients [27].
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In critically ill septic patients admitted to the ICU, indirect calorimetry is strongly
recommended to assess REE, which includes basal energy expenditure and diet-induced
thermogenesis [28].

Activity-induced energy expenditure should be assessed in recovering patients who
resume physical activity. Metabolic changes due to sepsis and common therapies adminis-
tered to septic patients, such as steroids and vasopressors, are not considered in PE and can
only be measured by indirect calorimetry. The Harris–Benedict and Schofield equations
are the most commonly used PE for estimating energy expenditure. In non-intensive care
settings, where indirect calorimetry is generally not available, physicians are forced to use
these imperfect equations [28].

Figure 2 summarizes the nutritional approach tailored to the different phases of sepsis.
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In the hyperacute phase of sepsis, nutrition is not necessary, and all efforts are directed
towards stabilizing the patient. Intravenous glucose is indicated for the treatment of
spontaneous hypoglycemia [29]. After initial stabilization, nutrition can be started in
the acute phase of sepsis. The ESPEN guidelines recommend administering hypocaloric
nutrition (≤70% of the REE calculated by PE, 15–20 kcal/kg/day) in the first few days of
this phase [19,29–31].

There is solid physio-pathological evidence for this suggestion. Basal metabolism does
not increase by more than 30% compared to normal and decreases more the more severe
the sepsis [32]. As described in the previous section, endogenous energy production occurs
through massive mobilization of caloric reserves (adipose tissue, muscle, glycogen). The
authors of the ESPEN guidelines formulated their recommendation based on the results of
RCTs involving non-malnourished critically ill patients admitted to the ICU due to con-
ditions of various causes (medical, surgical, or traumatic). In the large multi-center study
by Arabi et al., approximately 30% to 35% of the 894 patients were admitted for severe
sepsis [33]. Patients were randomized to receive permissive underfeeding (40% to 60% of
calculated caloric requirements) or standard enteral feeding (70% to 100%) for up to 14 days
while maintaining similar protein intake. Age (50.2 ± 19.5 and 50.9 ± 19.4 years) was
similar between groups. Ninety-day mortality was not significantly different (27.2% and
28.9%, respectively). No serious adverse events were reported. No significant differences
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were found in feeding intolerance, diarrhea, ICU-acquired infections, or ICU or hospital
LOS. The meta-analysis by Tian et al. evaluated eight RCTs, including the above-mentioned
study by Arabi et al., with a total of 1895 patients [34]. No significant difference in mortality
was found between the low- and high-energy groups (RR 0.90; 95% CI 0.71–1.15; p = 0.40).
The risk of infection and gastrointestinal intolerance also did not differ. The low-energy
subgroup, which received 33.3 to 66.6% of target energy, was associated with significantly
lower mortality than the high-energy group (RR 0.68; 95% CI 0.51–0.92; p = 0.01). Gas-
trointestinal intolerance also improved significantly. The moderate-quality results of this
meta-analysis need to be confirmed by targeted RCTs on acute nutrition in septic patients,
which are currently unavailable. The problem is even greater in malnourished patients
as they were excluded from the above studies. In the absence of specific evidence, the
ESPEN guidelines recommend a higher calorie target (25 kcal/kg/day) for malnourished
patients (BMI < 17 m2), as they do not have sufficient metabolic reserves to meet energy
requirements [19].

This goal should be achieved gradually, as the risk of refeeding syndrome and as-
sociated life-threatening complications is quite high in malnourished patients undergo-
ing prolonged fasting [19,29]. The recommended amounts of lipids and glucose are
0.7–1.5 g/kg/day and 1–1.5 g/kg/day, respectively [18,19,30]. Protein loss is consider-
able from the first day of illness, and supplementation is often inadequate compared to
actual requirements. The recommended protein intake is about 1.0 g/kg/day (ranging
between 0.8 and 1.3 g/kg/day) and should be administered as soon as possible after ad-
mission [18,19,31]. This recommendation is also derived from moderate-quality RCTs in
critically ill patients admitted to the ICU for diseases of various etiologies, with sepsis
representing a minority [34]. The calculation of nitrogen balance may be a useful tool in
non-intensive wards to assess whether protein intake is sufficient to meet the body’s needs
in the different metabolic phases of sepsis. The aim is to reverse a negative nitrogen balance,
as its improvement is associated with a better outcome [35].

A standard carbohydrate-containing nutrition may exacerbate the metabolic and
immunologic dysfunction associated with sepsis. A ketogenic diet, which is high in fat and
very low in carbohydrates, mimics the metabolic effects of fasting. This process involves
the breakdown of triglycerides to form ketone bodies, which provide ATP as an alternative
energy source during calorie deprivation. Two recent small clinical trials are available. In a
pilot study by McNelly and coll., 29 mechanically ventilated adults with multi-organ failure
(median age 52.0, 45.5–58.5 years) were randomized [36]. The ketogenic diet was feasible,
safe, and well-tolerated. It was associated with fewer hypoglycemic events and fewer
insulin requirements. Rahmel et al. conducted an open-label trial involving 40 ICU patients
with sepsis (66.9 ± 13.8 years) [37]. No major adverse events or metabolic side effects were
observed. None of the patients in the ketogenic diet group required insulin treatment, while
insulin dependency in the control group ranged from 35% to 60% (p = 0.009). No difference
was found in about 30-day survival, but ventilation-free, vasopressor-free, dialysis-free, and
ICU-free days were significantly higher in the ketogenic group. Larger RCTs are needed to
confirm these very low-quality evidence results, which suggest that a ketogenic diet may
have potential benefits for humans.

After the acute phase of sepsis, it is important for the patient to receive a higher intake
of calories (25–30 kcal/kg/day) and protein (1.2–2.0 g/kg/day). This increase is crucial to
minimize further loss of LBM and to promote early mobilization [18,19,30].

After the resolution of sepsis, the patient enters the recovery phase. At this point, one
of the main goals is to regain autonomy. While this can sometimes occur spontaneously,
early and progressive physical therapy is often necessary, especially for elderly and frail
patients. To support physical activity and metabolic changes during recovery, calorie and
protein intake should be increased (40–45 kcal/kg/day—protein 2.0 g/kg/day) [19].

Upon discharge, the patient should receive a detailed nutritional plan. Given the
high prevalence of inadequate dietary intake due to severe sepsis-related impairment,
pre-existing frailty, and multimorbidity, oral nutritional supplements should be prescribed
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for 3–12 months [19,30]. The quality of evidence for this recommendation is low. In
fact, it is based on clinical studies conducted in different settings and populations, not
specifically designed for post-sepsis patients [19,38]. A systematic review by Cawood et al.
including 36 RCTs (3790 patients, mean age 74 years; 83% of studies on patients > 65 years)
suggests that high-protein ONS (energy > 20% from protein) can improve long-term
outcomes in older adults. These benefits include reduced complications, such as pressure
ulcers and fractures (OR 0.68; 95% CI 0.55–0.83), fewer hospital readmissions (OR 0.59;
95% CI 0.41–0.84), improved grip strength (1.76 kg; 95% CI 0.36–3.17), and weight gain
(p < 0.001) [38].

Post-sepsis patients should be closely monitored through regular outpatient visits
to personalize nutritional interventions and facilitate a progressive recovery of weight
and LBM.

4.1. Feeding Route

As previously mentioned, patients hospitalized for sepsis or septic shock should only
receive nutritional support after successful resuscitation [19,29].

For conscious, non-intubated patients without gastrointestinal contraindications, phys-
iological nutrition can be resumed orally [30]. Whenever possible, the enteral route should
be preferred as it preserves intestinal integrity and permeability, while also contributing
to the modulation of the inflammatory response and insulin resistance. It is important to
carefully monitor the amount of prescribed food consumed by patients re-fed via an oral
diet. ONS should be prescribed for patients who are not eating enough. If, despite ONS,
the patient still fails to meet the pre-established caloric and protein targets, EN should be
initiated [30].

In patients unable to receive an oral diet (with or without ONS), the feeding route
should be enteral and/or parenteral. EN is not only the most physiological feeding route
but also more cost-effective than PN. EN should be preferred unless there are clear con-
traindications to the enteral feeding route [18,19,29,30]. According to the 2023 ESPEN
guidelines on clinical nutrition in intensive care, EN should be started early, provided there
are no absolute contraindications. Initially, 20–50% of the complete nutritional requirement
should be administered to assess tolerance and achieve a trophic effect on the gastroin-
testinal system. If well tolerated, EN should be progressively increased until the optimal
nutritional goal is reached [30]. Based on the available literature, this approach is specifi-
cally applicable to patients with sepsis, particularly those with septic shock. A concern is
that impaired splanchnic perfusion may impose an additional workload on the intestine of
these patients, increasing the risk of non-obstructive intestinal ischemia or necrosis. The
large multi-center RCT NUTRIREA-2, involving critically ill adults with shock (60% septic
shock, mean age 66 years), did not find a significant difference in 28-day mortality between
early isocaloric EN and PN (37% of 1202 patients in the enteral group versus 35% of 1208 pa-
tients in the parenteral group) [39]. The incidence of ICU-acquired infections was also
similar between groups (14% versus 16%). However, a significantly greater risk of digestive
complications (vomiting, diarrhea, bowel ischemia, and acute colonic pseudo-obstruction)
was observed in the EN group. The NUTRIREA-3 study enrolled 3044 patients with similar
characteristics to those in the NUTRIREA-2 study (mean age 66 years, admitted to ICU for
shock, 60% septic shock) [40]. They were randomly assigned to early nutrition with either
low or standard calorie and protein targets (6 kcal/kg per day and 0.2–0.4 g/kg per day
protein versus 25 kcal/kg per day and 1.0–1.3 g/kg per day protein, respectively). Com-
pared with standard calorie and protein targets, early calorie and protein restriction did not
decrease mortality but was associated with faster ICU discharge and fewer complications
(vomiting, diarrhea, bowel ischemia, and liver dysfunction). In a recent meta-analysis of
five RCTs and 10 non-randomized studies, including a total of 4166 patients, low-quality
evidence suggested that early EN may be a safe and effective intervention in critically
ill patients with sepsis or septic shock [41]. The authors found no significant difference
in mortality between patients receiving early EN and no or delayed EN, in either RCTs
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or non-randomized studies. The early EN group could require fewer days of MV and
had lower SOFA scores during follow-up, although a higher frequency of diarrhea was
observed. The risk of gastrointestinal complications with early EN seems to be related to
the severity of septic shock. In fact, EN tolerance is inversely related to the maximum dose
of norepinephrine administered [42]. In conclusion, the “less is more” strategy proposed
by the NUTRIREA-3 study is certainly preferable in patients with severe septic shock. For
those without shock or on low vasopressor doses, early EN with the rapid achievement of
the protein–calorie targets could be a valid approach [19].

PN should be prescribed if, after 3 days, EN is not tolerated or sufficient. It should pro-
vide 50% of the predicted or measured energy requirement, pending a potential resumption
of EN [29].

4.2. Micronutrients and Electrolytes

Micronutrients are vitamins and trace elements required by the body in small amounts.
They play a crucial role in various enzymatic reactions, such as ATP production, antioxidant
activity, and immune defense. In the absence of adequate food intake, particularly in
malnourished patients, individuals with sepsis or septic shock may rapidly deplete several
micronutrients. The most common deficiencies include thiamine, vitamin C, vitamin D, and
selenium [43]. Restrictive feeding during the acute phase may exacerbate micronutrient
deficiencies. The most common electrolyte abnormalities observed in critically ill patients
involve magnesium, potassium, calcium, phosphorus, and sodium [44].

The rationale for considering supplementation of these elements in critically ill pa-
tients, particularly those with sepsis, is twofold. First, it helps prevent refeeding syndrome.
Second, it can favorably modulate pathophysiological processes involved in sepsis, where,
as mentioned, immune-inflammatory and dysmetabolic aspects play a crucial role. Many
of these micronutrients possess antioxidant, anti-inflammatory, and immunomodulatory
properties. Other specific functions are briefly discussed. Vitamin C is a cofactor in the pro-
duction of endogenous amines. A small study of patients with septic shock demonstrated
that vitamin C infusion significantly increased indicators of norepinephrine synthesis and
reduced the required dosage of exogenous norepinephrine compared to placebo [45]. Thi-
amine (vitamin B1) is a cofactor in many mitochondrial enzymatic reactions. It is considered
a mitochondrial resuscitator that could mitigate organ injury, particularly renal injury, in
septic shock [46].

In critically ill patients who resume feeding, subclinical micronutrient and electrolyte
deficiencies may manifest as refeeding syndrome [29]. During refeeding after prolonged
starvation, increased intracellular uptake of several electrolytes (phosphate, potassium, and
magnesium) and micronutrients (thiamine, other B vitamins, and trace elements) occurs.
Due to reduced stores, concentrations rapidly decline in the body, increasing the risk of
life-threatening complications, including cardiopulmonary, hematologic, and neurological
dysfunction, arrhythmias, severe muscle weakness, lactic acidosis, and water retention.
Diagnosing refeeding syndrome can be challenging. A most commonly used criterion
is a decrease in phosphate levels by at least 0.16 mmol/L to below 0.65 mmol/L during
refeeding [29]. In patients who develop refeeding hypophosphatemia, temporary caloric
restriction, rather than electrolyte correction, is effective in reducing mortality [47]. While
concrete evidence is lacking, a gradual increase in caloric intake after resuming nutrition
during the acute phase, combined with sufficient micronutrient and electrolyte supplemen-
tation, seems prudent to prevent refeeding syndrome. Optimal dosages remain unclear,
as plasma concentrations do not accurately reflect micronutrient stores or redistribution
during inflammation. Micronutrient infusion can be safely discontinued once the patient
receives sufficient macronutrients (via food or EN). It is important to note that, unlike
standard commercial EN formulations, PN does not contain micronutrients. Presumed
optimal intakes for critically ill patients, such as those with sepsis, can be found in the
ESPEN micronutrient guidelines [48].
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Vitamin C is the most extensively studied micronutrient. A recent meta-analysis by
Wen and coll. on 24 RCTs demonstrated that IV administration of vitamin C to patients with
sepsis was associated with a trend toward improved mortality (RR 0.86; 95% CI, 0.74–1.01;
p = 0.06) [49]. SOFA scores of patients with sepsis significantly improved after vitamin
C treatment (RR; 0.26; 95% CI; 0.09–0.42; p = 0.002). In 14 of these 24 studies, vitamin
C was given with hydrocortisone and thiamine, following the promising results of the
famous “Marik protocol” for the resuscitation of ICU septic patients [50]. In two other
studies, vitamin C and thiamine were co-administered. The network meta-analysis by
Safabakhsh and coll. excluded studies in which vitamin C was co-administered with
hydrocortisone [51]. Vitamin C alone (eight RCTs), but not vitamin C co-administered with
thiamine (2 RCTs), was associated with a significant improvement in short-term mortality
(RR 0.81; 95% CI 0.67–0.99).

As reported by Li et al., selenium infusion (eight studies including five RCTs) did not
affect mortality [52]. Interestingly, patients treated with selenium had a shorter duration of
vasopressor therapy, shorter ICU and hospital LOS, and a lower incidence of ventilator-
associated pneumonia. Like selenium, IV thiamine did not significantly affect the prognosis
of septic patients [51]. However, two recent studies suggest interesting perspectives on
the use of thiamine in sepsis. In a post hoc analysis of two randomized trials involving
158 patients with septic shock (median age 70, 60–79 years), thiamine administration was
associated with significantly lower in-hospital mortality only in the thiamine-deficient
group (thiamine < 8 nmol/L, 16% in the treatment group versus 59% in the placebo group,
adjusted OR 6.84; 95% CI 1.54–30.36) [53]. Zhang et coll. retrospectively enrolled 11,553 ICU
patients with sepsis, of whom 1536 (59, 49–68 years) received and 10,017 (68, 56–79 years)
did not receive thiamine supplementation. After controlling for potential confounders,
the thiamine-supplemented group had a significantly lower mortality risk than the non-
supplemented group. The hazard ratio of ICU mortality for the supplemented group was
0.80 (95% CI 0.70–0.93) [54].

The effect of vitamin D treatment in septic patients was evaluated in four RCTs. No
significant effect on mortality, ICU and hospital LOS, MV, or vasopressor duration was
reported [51]. A recent study by Ashoor et coll. enrolled 80 patients with sepsis requiring
MV and evidence of vitamin D deficiency. They were randomly assigned to receive enteral
vitamin D supplementation of 50,000 or 5000 IU. The high dose (50,000 IU) showed a
significant improvement in procalcitonin and the SOFA score and a decrease in ventilator-
associated pneumonia and hospital LOS [55].

4.3. Other Disease-Specific Nutrients

There are literature data on other molecules that have the potential to favorably mod-
ulate the pathophysiology of sepsis. The most studied are omega-3 fatty acids, glutamine,
and arginine.

Omega-3 polyunsaturated fatty acids (PUFAs), including eicosapentaenoic acid and
docosahexaenoic acid, provide energy and nutrients to the body, regulate lipid metabolism,
play an anti-thrombotic role, and modulate immunity and inflammation [18]. In a meta-
analysis of 25 RCTs with 1903 participants, omega-3 PUFA supplementation in adult
patients admitted to the ICU for sepsis was associated with lower mortality compared to
the control group. Lower mortality was noted particularly in the PN subgroup, while the
addition of omega-3 PUFAs did not significantly affect mortality in the EN subgroup [56].
A recent network meta-analysis of 28 RCTs substantially confirmed these results [57].

Glutamine is the most abundant amino acid in the human body. It is an essential
nutrient for immune cells (lymphocytes, macrophages, and neutrophils) and enterocytes.
It also stimulates nucleotide synthesis and possesses antioxidant properties. In sepsis,
glutamine deficiency may arise from a combination of reduced food intake, increased
immune activity, and hypercatabolism [58]. A meta-analysis of 47 RCTs involving 6198
critically ill adult patients admitted to the ICU for various diseases showed that glutamine
supplementation did not affect mortality [59]. The route of administration (enteral or
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parenteral) and dosage (high, moderate, or low) had no impact on mortality in medical,
surgical, or trauma patients. Currently, there are no specific clinical trials in septic patients.

L-arginine is a conditionally essential amino acid that is substantially decreased in
patients with sepsis [60]. Due to its immunomodulatory, metabolic (protein synthesis),
and vascular properties (stimulation of nitric oxide synthesis), a role for arginine supple-
mentation in sepsis has been postulated [60]. However, prolonged intravenous L-arginine
administration does not improve local perfusion, organ function, or protein metabolism in
patients with septic shock [61].

Among the nutrients discussed in this subsection, only the literature on ω-3 PUFAs
showed moderate-quality evidence.

Table 1 summarizes the results of studies available to date on the effects of micronutri-
ents and other specific nutrients in patients with sepsis.

Table 1. Summary of clinical studies and outcomes related to micronutrient and other disease-specific
supplementation in patients with sepsis.

Nutritional
Intervention Rationale Results of Clinical Studies Dose and Duration Quality of Evidence

Magnesium
Noormandi et al.,

2020 [62]

- Reduced level in
pts with ICU pts.

- Involved in storage
and transfer of
energy, protein, and
nucleic acid
synthesis,
inflammation, other
electrolyte balance,
and hemostasis.

- No significant effect
on mortality.

- Significantly shorter time to
lactate clearance and
ICU LOS.

IV to maintain
serum level

around 3 mg/dL
for 3 days

Very low
(one RCT on

severe sepsis)

Selenium
Li et al., 2019 [52]

Safabakhsh
et al., 2024 [51]

- Reduced level in
pts with sepsis.

- Antioxidant
properties involved
in the immune
response and
regulation of
thyroid hormones.

- No significant effect on
mortality, incidence of renal
failure, secondary infection,
or duration of MV.

- Significantly shorter
duration of vasopressor
therapy, ICU and hospital
LOS, and lower incidence of
ventilator-associated
pneumonia.

IV, different
dose/scheme,
mean duration

14 days

Low (meta-analysis
of eight studies,

five RCTs)

Zinc
Kim et al., 2024

[63]

- Increased need.
- Involvement in the

immune system
and cytokine
production.

- No significant effect on
mortality or ICU LOS.

EN, three doses:
<15 mg,

15–50 mg, ≥50 mg,
during ICU stay

Very low
(one retrospective

study)

Vitamin C
Wen et al., 2023

[49]
Safabakhsh

et al. 2024 [51]

- Reduced level in
pts with sepsis,

- Regulation of
immune system
and of cytokine
homeostasis;
anti-inflammatory
and antioxidant
properties.

- A trend toward
improvement of overall and
28-days mortality.
Statistically significant
when considering eight
studies with vitamin C
alone [51].

- Significant improvement of
SOFA scores.

- Significantly shorter
duration of MV
and vasopressors.

IV, mean dose
6 g/day, mean

duration 4 days
Used alone [51]

(eight studies) or
combined with

thiamine and/or
corticosteroids [49]

Moderate
(meta-analysis of

24 RCTs)
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Table 1. Cont.

Nutritional
Intervention Rationale Results of Clinical Studies Dose and Duration Quality of Evidence

Vitamin D
Safabakhsh

et al., 2024 [51]
Ashoor et al.,

2024 [55]

- Reduced level in
pts with sepsis.

- Regulation of
immune system
and inflammatory
response
to infections.

- No significant effect on
mortality, ICU and hospital
LOS, or duration of MV and
vasopressors.

- A recent study [55] showed
a high dose (50,000 IU) was
associated with significant
improvement in
procalcitonin and SOFA
score and a decrease in
ventilator-associated
pneumonia and
hospital LOS.

Enteral route,
single dose of

vitamin D3 (high or
low) or

cholecalciferol
IV, high single dose

of calcitriol

Low (four RCTs)

Thiamine
Safabakhsh

et al., 2024 [51]

- Reduced level in
ICU pts with septic
shock.

- Essential for normal
mitochondrial
function (aerobic
respiration);
antioxidant
properties.

- No improvement in
mortality.

- In a post hoc analysis of a
thiamine-deficient cohort
(thiamine < 8 nmol/L),
administration was
associated with higher OR
of being alive and RRT-free
at hospital discharge.

IV, 400 mg, mean
duration 5 days

Low (five RCTs, all
on septic shock)

Omega-3 PUFA
Tseng et al., 2024

[57]

- Anti-inflammatory
activity, modulation
of immune system,
and organ/tissue
protection.

- Only high-dose fish oil
associated with significant
improvement in mortality
and inflammatory markers.

- Any dose associated with
significant improvement in
organ failure severity, ICU
and hospital LOS, and MV.

IV, PN containing
fish oil (high dose

when
≥0.5 g/kg/day

IV), mean duration
7 days

Moderate
(meta-analysis of

28 RCTs)

Glutamine
Liang et al., 2024

[59]

- Reduced level in
pts with sepsis.

- Amino acid
involved in normal
trophism of
enterocytes and
normal function of
immunologic
system.

- No significant effect on
mortality, ICU LOS, or
infectious complications.

- Significant reduction in
hospital LOS.

EN containing
glutamine

0.3–0.5 g/Kg/day,
mean duration

7 days

Low
(meta-analysis of
RCTs in ICU pts

with different
acute diseases)

l-arginine
Luiking et al., 2020

[61]

- Reduced level in
pts with sepsis.

- Amino acid
involved in cellular
regeneration,
immune function,
protein synthesis,
and NO synthesis.

- No improvement in local
perfusion or organ function
despite an increase in
whole-body NO synthesis.

IV,
1.2 µmol·kg−1·min−1,

3 days

Very low
(one RCT on
septic shock)

4.4. Controversies Surrounding Non-Caloric Non-Protein Nutritional Supplements

The numerous studies published to date on the effect of micronutrients and disease-
specific nutrients in sepsis have several shortcomings. Firstly, it is difficult to compare the
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results of different studies due to the extreme variability in dose and duration of treatment
and routes of administration. Furthermore, especially as seen with vitamin C and thiamine,
these have been variously combined with each other and with corticosteroids. This makes
it difficult to understand the actual contribution of the various treatment components to the
outcome. Finally, many of these studies are characterized by small sample sizes. Therefore,
to date, there is insufficient evidence to recommend the use of these dietary supplements in
septic patients. Regarding micronutrients, their supplementation seems useful in the first
days after fasting and in malnourished patients, and also to avoid refeeding syndrome.

5. Sepsis Prevention: Role of Nutritional Status, Diet, and Gut Microbiota

Quantitative and qualitative nutritional abnormalities can significantly contribute to
sepsis risk. In less developed regions, malnutrition is common in both children and adults.
In developed countries, it is typical of frail older adults. Malnutrition is associated with an
increased risk of infection and sepsis, as well as more severe outcomes [24]. Chronically
insufficient dietary intake leads to immunodeficiency. In fact, excessive protein catabolism,
abnormal glucose and lipid metabolism, and deficiencies of several vitamins and micronu-
trients impair the function of both the innate and adaptive immune systems. In addition,
malnutrition leads to mucosal damage, which facilitates pathogen invasion [15,44]. Con-
versely, an infection can lead to decreased nutritional status and immunosuppression,
creating a vicious cycle that favors secondary infections [64,65]. Excess energy intake result-
ing in obesity has been linked to an elevated risk of infection and sepsis [65,66]. In a large
cohort, individuals with BMI ≥ 40 had a significantly higher risk of sepsis compared to
those with normal BMI. Several pathophysiological mechanisms have been hypothesized.
Increased fatty tissue promotes a persistent inflammatory state characterized by elevated
production of cytokines, such as IL-6 and TNF-alpha [65]. Furthermore, adipocytes express
Toll-like receptors, which are responsive to endotoxin. Oxidative stress and elevated lipid
concentrations typical of obesity can lead to apoptosis and endothelial dysfunction [65].
The specific composition of nutrients in the diet may also play a pivotal role in sepsis.
WD, one of the most common dietary patterns in Westernized nations, is characterized
by a high caloric content and is enriched in animal proteins, saturated fats, simple sugars,
and ultra-processed foods while being deficient in fiber, fruits, and vegetables. In a US
national cohort of 21,404 adults, a dietary pattern characterized by fried foods, processed
meats, and sugar-sweetened beverages was independently associated with a long-term risk
of sepsis [67]. In animal models of LPS-induced sepsis, WD exacerbates disease severity
and outcomes compared to a standard high-fiber diet. Mice fed WD show higher base-
line inflammation and signs of sepsis-associated immunoparalysis (impaired immune cell
migration and neutrophil function) compared to mice fed standard high-fiber chow [68].
Population-based studies have found that WD, unlike diets rich in fruits and vegetables,
is associated with key mediators of sepsis, such as inflammation and endothelial cell
activation [69].

This association is similar to that observed in obesity, of which WD is the most
common dietary pattern [69]. The gut microbiota may play a crucial role in the interplay
between diet patterns and sepsis. The gut microbiota is a complex ecosystem within the
body that exerts a significant influence on innate and adaptive immunity, metabolism,
intestinal growth, and intestinal permeability. Dietary regimes can substantially modify the
composition and functionality of the gut microbiota [70,71]. For instance, the Mediterranean
diet has a positive impact on the gut microbiota and human health. A higher amount of
Faecalibacterium spp. is associated with greater production of anti-inflammatory molecules
and short-chain fatty acids, the latter essential for intestinal trophism [70]. A significant
decrease in gut microbiota diversity has been reported in WD compared to other diets.
In WD, a different microbial composition, with a prevalence of Bacteroides, and lower
fiber intake cause a decreased production of short-chain fatty acids [70]. The numerous
additives, preservatives, and emulsifiers also influence the gut microbiota in WD. For
example, carrageenan can induce gut inflammation and disrupt the mucus layer, leading to
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a negative shift in the gut microbiota. Artificial food colorings capable of modifying sulfur
homeostasis, and some preservatives, such as sodium nitrate present in processed meat, can
also alter gut microbiota composition. WD, by profoundly modifying the gut microbiota,
causes persistent immuno-inflammatory dysfunction and altered intestinal trophism, which
can predispose patients to sepsis. Since diet can modify the gut microbiota, nutritional
interventions that consider not only protein–calorie requirements but also food quality
could be beneficial in restoring an altered gut microbiota [72]. Probiotics, defined as “live
microorganisms that, when administered in adequate amounts, confer a health benefit on
the host”, and prebiotics, which are substrates selectively utilized by host microorganisms
conferring a health benefit, may support dietary modification in restoring a “physiological”
gut microbiome.

However, to date, there are no significant studies evaluating the impact of correcting
quantitative and qualitative nutritional abnormalities on the risk of sepsis and its outcome,
despite the interesting premises discussed above.

6. Conclusions

Sepsis is a common cause of admission to non-intensive wards. These patients may
not require advanced life support or may have septic shock/multiple organ dysfunction
syndrome, but their underlying medical condition may be so poor that ICU admission is
considered futile. Septic patients are often transferred from the ICU to general wards after
clinical stabilization during the acute course of the disease.

Sepsis is characterized by significant metabolic derangement due to the interaction
between the pathogen and the human host. Early in the disease, starvation is common.
A prompt assessment of nutritional status and needs is essential upon presentation and
throughout the course of sepsis, as nutritional requirements can vary significantly between
the acute and recovery phases. Both underfeeding and overfeeding are associated with poor
outcomes. Due to the limitations of PE in critically ill patients, the use of indirect calorimetry
is recommended for an accurate measurement of nutritional requirements. However, this
method is generally not feasible in non-intensive wards. Many recommendations in sepsis
nutrition guidelines are based on studies involving critically ill patients admitted to the
ICU for conditions other than sepsis, including surgery and trauma. In addition, the few
sepsis-specific studies, which are often small and/or retrospective, have primarily focused
on patients with septic shock. While the available literature demonstrates substantial
progress in this field, it also underscores the need for further research to define the optimal
nutritional approach for patients with sepsis/septic shock admitted to non-intensive wards.

Large prospective interventional RCTs are warranted to determine key factors such
as timing, energy requirements, quantity and distribution of calories, route of feeding,
and potential benefits of supplementation with micronutrients, electrolytes, and other
pharmaco-nutrients.

Finally, available data suggest that hospitalization for sepsis presents an opportu-
nity to conduct a comprehensive review of the patient’s dietary habits and nutritional
needs upon discharge. Future studies investigating the effects of dietary modifications or
probiotic/prebiotic supplementation on sepsis risk and outcomes are welcome.
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EN enteral nutrition
ICU Intensive Care Unit
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LPSs lipopolysaccharides
NRS-2002 Nutritional Risk Score-2002
NUTRIC Nutrition Risk in Critically ill
ONS oral nutrition supplement
OR odds ratio
PE predicting equation
PN parenteral nutrition
PNI Prognostic Nutritional Index
PUFAs polyunsaturated fatty acids
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REE resting energy expenditure
RR relative risk
RRT renal replacement therapy
RS refeeding syndrome
TTR transthyretin
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References
1. Singer, M.; Deutschman, C.S.; Seymour, C.W.; Shankar-Hari, M.; Annane, D.; Bauer, M.; Bellomo, R.; Bernard, G.R.; Chiche, J.-D.;

Coopersmith, C.M.; et al. The Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA 2016,
315, 801. [CrossRef] [PubMed]

2. Zhang, W.; Jiang, H.; Wu, G.; Huang, P.; Wang, H.; An, H.; Liu, S.; Zhang, W. The Pathogenesis and Potential Therapeutic Targets
in Sepsis. MedComm 2023, 4, e418. [CrossRef] [PubMed]

3. Rhodes, A.; Evans, L.E.; Alhazzani, W.; Levy, M.M.; Antonelli, M.; Ferrer, R.; Kumar, A.; Sevransky, J.E.; Sprung, C.L.; Nunnally,
M.E.; et al. Surviving Sepsis Campaign: International Guidelines for Management of Sepsis and Septic Shock: 2016. Intensive Care
Med. 2017, 43, 304–377. [CrossRef] [PubMed]

4. De La Rica, A.S.; Gilsanz, F.; Maseda, E. Epidemiologic Trends of Sepsis in Western Countries. Ann. Transl. Med. 2016, 4, 325.
[CrossRef] [PubMed]

5. Ibarz, M.; Haas, L.E.M.; Ceccato, A.; Artigas, A. The Critically Ill Older Patient with Sepsis: A Narrative Review. Ann. Intensive
Care 2024, 14, 6. [CrossRef]

6. Bauer, M.; Gerlach, H.; Vogelmann, T.; Preissing, F.; Stiefel, J.; Adam, D. Mortality in Sepsis and Septic Shock in Europe, North
America and Australia between 2009 and 2019—Results from a Systematic Review and Meta-Analysis. Crit. Care 2020, 24, 239.
[CrossRef]

7. Seymour, C.W.; Gesten, F.; Prescott, H.C.; Friedrich, M.E.; Iwashyna, T.J.; Phillips, G.S.; Lemeshow, S.; Osborn, T.; Terry, K.M.;
Levy, M.M. Time to Treatment and Mortality during Mandated Emergency Care for Sepsis. N. Engl. J. Med. 2017, 376, 2235–2244.
[CrossRef]

8. Evans, L.; Rhodes, A.; Alhazzani, W.; Antonelli, M.; Coopersmith, C.M.; French, C.; Machado, F.R.; Mcintyre, L.; Ostermann, M.;
Prescott, H.C.; et al. Surviving Sepsis Campaign: International Guidelines for Management of Sepsis and Septic Shock 2021. Crit.
Care Med. 2021, 49, e1063–e1143. [CrossRef]

9. Balshem, H.; Helfand, M.; Schünemann, H.J.; Oxman, A.D.; Kunz, R.; Brozek, J.; Vist, G.E.; Falck-Ytter, Y.; Meerpohl, J.; Norris, S.
GRADE Guidelines: 3. Rating the Quality of Evidence. J. Clin. Epidemiol. 2011, 64, 401–406. [CrossRef]

10. Dyck, B.; Unterberg, M.; Adamzik, M.; Koos, B. The Impact of Pathogens on Sepsis Prevalence and Outcome. Pathogens 2024,
13, 89. [CrossRef]

11. Denning, D.W. Global Incidence and Mortality of Severe Fungal Disease. Lancet Infect. Dis. 2024, 24, e428–e438. [CrossRef]
[PubMed]

12. Muskett, H.; Shahin, J.; Eyres, G.; Harvey, S.; Rowan, K.; Harrison, D. Risk Factors for Invasive Fungal Disease in Critically Ill
Adult Patients: A Systematic Review. Crit. Care 2011, 15, R287. [CrossRef] [PubMed]

13. Shappell, C.; Rhee, C.; Klompas, M. Update on Sepsis Epidemiology in the Era of COVID-19. Semin. Respir. Crit. Care Med. 2023,
44, 173–184. [CrossRef] [PubMed]

14. Li, J.; Luo, Y.; Li, H.; Yin, Y.; Zhang, Y. Research Progress of Viral Sepsis: Etiology, Pathophysiology, Diagnosis, and Treatment.
Emerg. Crit. Care Med. 2023, 4, 74–81. [CrossRef]

15. Wasyluk, W.; Zwolak, A. Metabolic Alterations in Sepsis. J. Clin. Med. 2021, 10, 2412. [CrossRef]
16. Sobotka, L.; Soeters, P.B. Basics in Clinical Nutrition: Metabolic Response to Injury and Sepsis. e-SPEN Eur. e-J. Clin. Nutr. Metab.

2009, 4, e1–e3. [CrossRef]
17. Preau, S.; Vodovar, D.; Jung, B.; Lancel, S.; Zafrani, L.; Flatres, A.; Oualha, M.; Voiriot, G.; Jouan, Y.; Joffre, J.; et al. Energetic

Dysfunction in Sepsis: A Narrative Review. Ann. Intensive Care 2021, 11, 104. [CrossRef]

https://doi.org/10.1001/jama.2016.0287
https://www.ncbi.nlm.nih.gov/pubmed/26903338
https://doi.org/10.1002/mco2.418
https://www.ncbi.nlm.nih.gov/pubmed/38020710
https://doi.org/10.1007/s00134-017-4683-6
https://www.ncbi.nlm.nih.gov/pubmed/28101605
https://doi.org/10.21037/atm.2016.08.59
https://www.ncbi.nlm.nih.gov/pubmed/27713883
https://doi.org/10.1186/s13613-023-01233-7
https://doi.org/10.1186/s13054-020-02950-2
https://doi.org/10.1056/NEJMoa1703058
https://doi.org/10.1097/CCM.0000000000005337
https://doi.org/10.1016/j.jclinepi.2010.07.015
https://doi.org/10.3390/pathogens13010089
https://doi.org/10.1016/S1473-3099(23)00692-8
https://www.ncbi.nlm.nih.gov/pubmed/38224705
https://doi.org/10.1186/cc10574
https://www.ncbi.nlm.nih.gov/pubmed/22126425
https://doi.org/10.1055/s-0042-1759880
https://www.ncbi.nlm.nih.gov/pubmed/36646093
https://doi.org/10.1097/EC9.0000000000000086
https://doi.org/10.3390/jcm10112412
https://doi.org/10.1016/j.eclnm.2008.07.005
https://doi.org/10.1186/s13613-021-00893-7


Nutrients 2024, 16, 3985 15 of 17

18. De Waele, E.; Malbrain, M.L.N.G.; Spapen, H. Nutrition in Sepsis: A Bench-to-Bedside Review. Nutrients 2020, 12, 395. [CrossRef]
19. Wischmeyer, P.E. Nutrition Therapy in Sepsis. Crit. Care Clin. 2018, 34, 107–125. [CrossRef]
20. Harris, R.A. Energy Metabolism|Gluconeogenesis. In Encyclopedia of Biological Chemistry III; Elsevier: Amsterdam, The Netherlands,

2021; pp. 170–186. [CrossRef]
21. Garcia-Alvarez, M.; Marik, P.; Bellomo, R. Sepsis-Associated Hyperlactatemia. Crit. Care 2014, 18, 503. [CrossRef]
22. Muniz-Santos, R.; Lucieri-Costa, G.; Almeida, M.A.P.D.; Moraes-de-Souza, I.; Brito, M.A.D.S.M.; Silva, A.R.; Gonçalves-de-

Albuquerque, C.F. Lipid Oxidation Dysregulation: An Emerging Player in the Pathophysiology of Sepsis. Front. Immunol. 2023,
14, 1224335. [CrossRef] [PubMed]

23. Zhang, J.; Huang, Y.; Chen, Y.; Shen, X.; Pan, H.; Yu, W. Impact of Muscle Mass on Survival in Patients with Sepsis: A Systematic
Review and Meta-Analysis. Ann. Nutr. Metab. 2021, 77, 330–336. [CrossRef]

24. Cederholm, T.; Bosaeus, I. Malnutrition in Adults. N. Engl. J. Med. 2024, 391, 155–165. [CrossRef] [PubMed]
25. Dellière, S.; Cynober, L. Is Transthyretin a Good Marker of Nutritional Status? Clin. Nutr. 2017, 36, 364–370. [CrossRef]
26. Moghaddam, O.M.; Emam, M.H.; Irandoost, P.; Hejazi, M.; Iraji, Z.; Yazdanpanah, L.; Mirhosseini, S.F.; Mollajan, A.; Lahiji, M.N.

Relation between Nutritional Status on Clinical Outcomes of Critically Ill Patients: Emphasizing Nutritional Screening Tools in a
Prospective Cohort Investigation. BMC Nutr. 2024, 10, 69. [CrossRef] [PubMed]
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