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Introduction
Malnutrition is quite common in hospital settings and affects 
many inpatients. The prevalence of malnutrition varies from 
20% to 50% in hospitalized patients [1,2]. Two-thirds of the 
patients hospitalized with malnutrition may experience further 
decrease in nutritional status, and malnutrition may also occur 
in one-third of well-nourished patients [3].

Malnutrition during hospitalization is often linked to 
adverse effects such as increased incidence of infection and 
complications, increased muscle wasting, delayed wound 
healing, extended hospital stays, impaired functional ability 
and quality of life, and higher rates of morbidity and mortality 
[4-7].

Patients often experience malnutrition in hospitals caused by 
decreased appetite due to age, underlying disease conditions 
such as diabetes, cancer, gastric illness, or due to medications 
[8,9]. Despite knowing the importance and the risks of associated 
complications of malnutrition, the problem is underdiagnosed, 
and hence, appropriate nutrition care in hospitalized settings 
often gets delayed and is not adequately treated [10]. Optimal 
management of malnutrition can reduce the length of hospital 
stay, associated hospitalization costs, and improve the quality 
of life and prognosis in patients with malnourishment [10,11].

Patients in critical care units are quite vulnerable to malnutrition. 
As per a systematic review of 1168 critically ill patients from 20 
studies, the prevalence of malnutrition varied from 38% to 78%. 
Literature evidence suggests that patients with malnutrition 

experience poor clinical outcomes and are more susceptible to 
infections, have a higher incidence of overall complications, 
longer hospital stays, higher mortality, and costs [12-13]. 

In the initial phase of critical illness, there is a significant impact 
on the metabolism as the patient develops a hypermetabolic 
and catabolic state with increased energy demands and a rapid 
breakdown of muscle proteins in the body. This is followed by 
rapid muscle wasting and impaired immune system in the late 
phase, which further prolongs recovery from the illness[14]. 

Muscle wasting due to rapid protein catabolism is of particular 
concern as the immune system weakens, accelerating the 
incidence of hospital-acquired infections, and delayed wound 
healing can be seen. Weakening of the respiratory muscle and 
diaphragm can increase the risk of respiratory complications 
and the need for prolonged mechanical ventilation [15-17].

Enteral Nutrition (EN) is the preferred route for nutrition except 
in conditions with inadequate gut functioning [18,19]. Various 
studies suggest the beneficial role of EN over parenteral nutrition 
in hospitalized patients due to lesser infectious complications, 
shorter length of hospital stay, earlier gut function, and lower 
cost [20]. EN is regarded as more physiologically appropriate 
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and essential for preserving gut integrity, which helps the 
immune system and prevents gut atrophy [21]. As per ESPEN 
recommendation, EN should be administered to all patients in 
the Intensive Care Unit (ICU) who are not anticipated to resume 
a complete oral diet within a three-day timeframe [22].

In critically ill patients, EN should be initiated within 24-48 
hours after admission to the ICU and the onset of critical illness 
and should provide 25 to 30 kcal/kg/day13 [23,24]. Critical care 
nutrition guidelines 2018 by ESPEN-European Society for 
Clinical Nutrition and Metabolism, defines isocaloric nutrition 
that fulfils ≥ 70% of the estimated needs of the patient [25].

Many studies suggest that providing adequate protein to the 
critically ill patients is of great importance in the management 
of critically ill patients [26-28]. For the majority of critically ill 
patients, 2016 ASPEN-SCCM guidelines recommend a protein 
intake of 1.2-2 g/kg/day and higher amounts for patients with 
trauma, burns, and obesity [24]. ESPEN guidelines for clinical 
nutrition in the ICU recommend 1.3 g/kg/day protein to be 
provided progressively [22].

Some studies also suggest that providing higher protein (1.5-2.5 
g/kg per day) as compared to standard protein intake (~ 0.8 g/kg 
per day) can improve clinical outcomes in critically ill patients 
[29,30].

Many enteral protein supplements are available that can be 
utilized to provide adequate protein to the patient without 
causing excessive caloric intake. However, it appears that these 
options are not widely utilized, as regular monitoring of both 
protein sufficiency and calorie intake is far from being a routine 
procedure. Clinicians should prioritize giving adequate protein 
to patients at high nutrition risk. Protein intake can be improved 
by utilizing high-protein EN formulas, incorporating protein 
supplements for patients already on EN, and adding parenteral 
amino acids [24,31].

Recently, there has been an increasing interest on the use and 
impact of β-Hydroxy β-methylbutyric acid (HMB), a leucine 
metabolite, on skeletal muscle mass and physical function in 
patients who are hospitalised, in cancer patients, and in critical 
care settings. HMB is a nutritional supplement with the potential 
to preserve lean body mass and improve skeletal muscle mass 
and strength [32]. HMB downregulates the key components of 
the ubiquitin-proteasome proteolytic pathway and inhibits 
protein degradation and stimulates protein synthesis [33].

In older patients, who were bedridden for 10 days, HMB 
preserved the lean body mass successfully. As patients with 
critical illness are bedridden for long periods, supplementation 
with HMB may be of benefit in attenuating muscle loss and 
weakness in critical care [34]. In a prospective randomized, 
placebo-controlled double blind trial (n=30), provision of 
HMB to the ICU patients on mechanical ventilation was 
associated with significantly reduced protein breakdown, 
improved amino acid metabolism, and overall health [35].  HMB 
appeared to be well-tolerated in humans at the doses of 3-6 g/d 
[36]. A series of studies ranging from 3 to 8 weeks in healthy 
young and old subjects taking HMB/d supplementation 3g/d 
and at the dose of 3 and 6 g/d for 8 weeks, no adverse effect 
was observed on blood glucose, hemoglobin, urea nitrogen, 

liver enzymes, lipid levels, leukocytes, and urine pH, glucose, 
and protein while total cholesterol and LDL levels were 
reduced [37,38].

MaxvidaTM high protein is an isocaloric high protein formula 
for hospitalized adult/elderly patients requiring EN to provide 
nutrition based on energy expenditure with adequate protein 
and β-Hydroxy β-methylbutyric acid (HMB). This study aims 
to evaluate the safety and gastrointestinal tolerance (product 
compliance) of MaxvidaTM high protein, an isocaloric high 
protein enteral feeding formula, in hospitalized adult/elderly 
patients.

Material and Methods
Study design
This prospective, twelve-day, single-centre, open-label, clinical 
study was conducted between September 2024 to October 2024 
to evaluate the safety and gastrointestinal tolerance of MaxvidaTM 
high protein in hospitalized adult patients who require isocaloric 
high protein formula for tube feeding. Signutra Inc. holds the 
product licence for MaxvidaTM high protein. 

The demographic details, including date of birth, sex, height, 
weight, body mass index, and medical history, including 
the nature, duration, and severity of the disease and detailed 
information regarding any prior and concomitant medications, 
were recorded at baseline. Various laboratory investigations done 
during the study period were haematology, blood biochemistry, 
lipid profile, and urine routine. 

The study inclusion criteria were adult patients >18 years 
of age, of any sex, who required isocaloric ET feeding and 
were hospitalized in the ICU for at least two days, and 
informed consent was obtained from the patients or their legal 
representatives. The exclusion criteria included patients who 
received ET feeding before hospitalization; had any evidence of 
organ dysfunction, pregnant women,; or had known allergy to 
any constituent of MaxvidaTM high protein were excluded from 
the study.

Ethical compliance

The study was conducted according to the Declaration of 
Helsinki and in compliance with good clinical practice 
guidelines by the International Conference of Harmonization. 
The study was approved by the Institutional Ethics Committee, 
Secunderabad, India, on 12th July 2024, confirmation on: 
KIMS/EC/BMHR/2024/82-01. The study was registered with 
the Clinical Trial Registry of India as CTRI/2024/06/068511. 
Written informed consent was taken from the participants or 
their legal representatives.

Intervention

Participants were administered MaxvidaTM high protein twice 
a day at 0800 hours and 1600 hours from Day 1 to the end of 
hospitalization or Day 12. 30 grams of MaxvidaTM high protein 
was diluted in 100 ml of water, and the reconstituted amount was 
116 ml (equivalent to 114 kcal (1kcal in 1 ml)). The remaining 
energy requirements were fulfilled by the  normal or hospital 
kitchen feed administered  as per the patient’s requirement or at 
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the investigator's discretion. 

Table 1 shows energy and nutrient requirements met by 

dissolving 30 grams of MaxvidaTM high protein in 100 millilitres 
of water.

Table 1: Nutritional profile of MaxvidaTM high protein.

Nutrients Unit Per 100 g powder Per 30 g powder  % RDA Per serving 30 g

Energy Kcal 379 113.7 6

Total fat G 2.8 0.84 1

Saturated fatty acid G 0.88 0.264 1

MUFA G 0.63 0.189 Ϯ

PUFA G 1.3 0.39 Ϯ

Linoleic acid (Omega-6) G 1.14 0.342 Ϯ

Alpha-Linoleic acid 
(Omega-3)

G 0.13 0.039 Ϯ

Trans Fat G 0.02 0.006 0

Cholesterol Mg 0 0 Ϯ

Carbohydrates G 37 11.1 Ϯ

Added sugars (including 
sucrose)

G 0 0 0

Dietary fiber (AI) G 3 0.9 Ϯ

Soluble Fiber G 3 0.9 Ϯ

Prebiotic G 3 0.9 Ϯ

Protein* G 50 15 33

L-Lysine Mg 3478 1043.4 Ϯ

L-Arginine Mg 1840 552 Ϯ

L-Glutamine and L-Glutamic 
acid

Mg 9870 2961 Ϯ

L-Isoleucine Mg 2268 680.4 Ϯ

L-Leucine Mg 4013 1203.9 Ϯ

L-Valine Mg 4217 1265.1 Ϯ

L-Carnitine Mg 50.5 15.15 Ϯ

CaHMB## G 1.5 0.45 Ϯ

Vitamins

Vitamin A* Mcg 570 171 20

Vitamin D3* IU 360 108 18

Vitamin E* IU 9 2.7 25

Vitamin K2 
(Menaquinone-7)*

Mcg 40 12 22

Vitamin C* Mg 52 15.6 24

Folic acid*^ Mcg 125 37.5 29

Vitamin B1 (Thiamin)* Mg 1 0.3 21

Vitamin B2 (Riboflavin) * Mg 1 0.3 16

Vitamin B3 (Niacin)* Mg 7 2.1 19

Vitamin B6* Mg 1 0.3 16

Vitamin B12* Mcg 2 0.6 27

Pantothenic acid* (AI) Mg 3.5 1.05 Ϯ

Minerals

Iron* Mg 14 4.2 14

Calcium* Mg 900 270 27

Phosphorus* Mg 225 67.5 7
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Magnesium* Mg 170 51 14

Zinc* Mg 8 2.4 18

Iodine* Mcg 90 27 19

Copper* Mcg 700 210 12

Selenium* Mcg 20 6 15

Chromium* Mcg 15 4.5 9

Manganese* Mg 2 0.6 15

Molybdenum** Mcg 12.5 3.75 8

Sodium* Mg 330 99 5

Potassium* Mg 420 126 4

Chloride #(AI) Mg 260 78 Ϯ

Note: % RDA (Recommended Dietary Allowance) calculated basis 2000 kcal energy for an average adult per day and % RDA expressed for 
sedentary women basis *Indian Council of Medical Research (ICMR) RDA 2020 guidelines; *Nutrients meet the ICMR RDA 2020 for sedentary 
adult men as well; Total Sugars-26g/100g; **Codex (CAC/GL 2-1985; Guidelines on nutritional labelling); #Food and Nutrition Board, IOM; RDA not 
established in ICMR/WHO; ^1 mcg Folic Acid=1.7 DFE (Dietary Folate Equivalent); AI: Adequate Intake; MUFA: Monounsaturated Fatty Acid; PUFA: 
Polyunsaturated Fatty Acid; Ϯ=ti

Endpoints
The study’s primary endpoint was to assess the safety and 
gastrointestinal tolerance (product compliance) of MaxvidaTM 
high protein. Gastrointestinal tolerance was assessed based 
on the episodes of diarrhoea, stomach irritation, regurgitation, 
abdominal bloating, vomiting, and Gastric Residual Volume 
(GRV) >500ml/day. 

The secondary endpoints were to evaluate the change in weight, 
if any, and serum albumin levels between baseline and the end 
of hospitalization or Day 12. Adverse events were monitored 
and recorded based on clinical and laboratory parameters 
throughout the study.

Statistical analysis
SPSS version 26 was used to analyse the data. A p-value <0.05 
was considered statistically significant,

Results

The demographics
The study included 30 subjects, though the final data was 
available for 29 patients. The average age of the subjects (+SD) 
was 55.90+17.71 years, and the average weight was 65.90+11.32 
kgs. Out of 30 subjects, 18 were males and 12 were females; 
hospitalized for an average of 8.18 days for various medical 
conditions such as road traffic accident, shock, acute coronary 
syndrome, cerebrovascular accident, seizure disorder, lung 
carcinoma, and other critical conditions. The patient population 
comprised of patients who required mechanical ventilator support 
and also those who did not require mechanical ventilation.

MaxvidaTM high protein feeding details

All participants received MaxvidaTM high protein formula feed 
two times a day.

Table 2 shows the duration of feed (in days) for various 
participants during the study.

Table 2: The duration of feed (in days) for various participants during the study.

Number of days of tube-feeding Frequency of patients 

1 1

2 2

3 3

4 7

6 4

7 2

8 3

9 1

10 1

11 2

12 3

Total 29
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Gastrointestinal tolerance
The majority of participants did not experience any 
gastrointestinal symptoms. Two participants had vomiting while 
taking the enteral feed. One experienced abdominal pain. No 
patient had GRV>500 ml/day. All the subjects had a GRV of 
<100 ml per day, except one patient, who had GRV of 100 ml on 
one occasion. No additional adverse events were experienced 
by the participants during the study period. 

Effect of MaxvidaTM high protein on weight and albumin 
level

Study results showed no statistically significant change in 
the participants’ weight (p=0.972) and serum albumin levels 
(p=0.791) considering the short duration of intervention. 

Administration of formula

There were no issues encountered during the preparation 
of MaxvidaTM high protein while mixing with water and 
administration of the enteral feed. The feeding formulation 
easily passed through the tube and did not stick. It was of uniform 
consistency, and no blockage of the ET was experienced.

Adverse events: No Serious events were recorded in any of the 
participants. General events included Headache, Nausea, and 
Body pain.

Discussion
The present study suggests that MaxvidaTM high protein, an 
isocaloric high-protein enteral feeding formula, is associated 
with good gastrointestinal tolerance and safety profile in adult 
hospitalized patients.

Patients in critical condition experience increased energy 
expenditure which increases their energy and protein 
requirement due to muscle loss under the influence of 
procatabolic inflammatory hormones [39]. In critical conditions, 
proteins and amino acids are also used as a source of energy, and 
protein deficit may be associated with infectious morbidity and 
high mortality [40]. Shifting of metabolism to a hypercatabolic 
state during the early phase of critical illness causes rapid 
degradation of body proteins and other reserves, leading to 
malnutrition and adverse clinical outcomes. Breakdown of the 
muscle protein is the main driver of catabolism rather than a 
decrease in protein synthesis; hence, prolonged catabolic state 
in critical illness causes skeletal muscle wasting [41,42].

This hypermetabolic state with increased protein breakdown 
can cause negative nitrogen balance in critical care patients and 
a higher protein intake can help to improve the nitrogen balance 
[43,44].

As per the Society of Critical Care Medicine (SCCM) and 
American Society for Parenteral and Enteral Nutrition (ASPEN) 
guidelines, protein is a key macronutrient necessary for wound 
healing, immune support, and preservation of lean body mass 
in critical care settings [45]. For the majority of critical care 
patients, the demand for protein is relatively higher than that 
for energy, making it difficult to fulfill the protein needs with 
standard enteral formulas. Estimated protein requirements are 
generally in the range of 1.2-2.0 g/kg of actual body weight 

and may be higher for multi-trauma, burn patients, the elderly, 
obese, and acute kidney injury patients [45,46]. Administration of 
MaxvidaTM high protein led to the fulfillment of daily protein 
and micronutrient intake in hospitalized patients. Similarly, in 
a prospective observational cohort study of 113 intensive care 
patients in a tertiary care referral hospital, increased protein 
and amino acid intake was associated with lower mortality 
[47]. In another study with 211 mechanically ventilated patients 
admitted to a medical ICU, patients with adequate protein 
intake as compared to patients with insufficient protein intake 
had significantly lower rates of mortality in ICU (14.7%) and in 
hospital (23.5%) [48]. 

A randomized controlled trial of 73 critically ill patients with 
a minimum 7 day stay in the critical care unit suggested that 
high early protein intake in critical care patients may help 
improve their nutritional status, shorten the length of ICU stay, 
and improve mechanical ventilation. It is important to provide 
adequate energy and protein to the patients during critical 
illness [49]. 

As per a study including 2270 critically ill patients of sepsis/
pneumonia, with ICU stay ≥ 3 days, mechanically ventilated 
within 48 hours of ICU admission, and only received enteral 
nutrition, an additional 30 g protein/day decreased the 60-day 
mortality and days of ventilator use [50].

A multicentre international study of 1584 patients who stayed 
in the ICU ≧ 12 days, the time to discharge alive was shorter 
in patients with adequate protein intake (≥ 80% goal amount) 
compared with those patients who were not (Hazard Ratio 
[HR], 1.25; 95% CI, 1.04-1.49) [17].

High mortality rate and poor prognosis are seen in critically 
ill patients with inadequate protein intake. Providing adequate 
protein to manage protein deficiency may improve the clinical 
outcomes. Various enteral feed formulations are available 
now; however, these differ in their micro and macronutrient 
content [41]. Most commonly, Isocaloric (1 kcal/ml) enteral 
feeds are recommended to achieve the desired caloric goals [51]. 
MaxvidaTM HP is an isocaloric enteral feed enriched with high 
protein and HMB and is provided to cater to the needs of the 
hospitalized patients.

Use of HMB supplementation may help to improve nitrogen 
balance in critically injured patients [52]. A systematic review 
and meta-analysis of 15 RCTs (n=2137) suggested that although 
the effect size was small, use of HMB, or its supplements, can 
increase the muscle mass and strength and physical function in 
many clinical conditions associated with loss of skeletal muscle 
mass and weakness [32].

A prospective, randomized, blinded study included 100 
trauma patients who received the standard tube feeds along 
with either HMB or HMB/arginine/glycine or placebo for 
28 days. The data was collected for patients who received 
supplementation for minimum of 7 days (n=72). It was 
observed that from the first 7 to last 7 days of supplementation, 
the change in nitrogen balance was -4.3 g/d in patients given 
standard tube feeds and HMB, -5.6 g/d in HMB/arginine/
glycine group, and -8.9 g/d in placebo group suggesting 
that HMB supplementation in critically injured patients may 
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attenuate negative nitrogen balance [52]. 

In a small, randomized placebo-controlled study, 34 COPD 
patients on mechanical ventilation were assigned to either HMB 
or placebo [53]. The study suggested anti-inflammatory and 
anticatabolic effects of HMB supplementation and improvement 
in pulmonary function in COPD patients in critical care [54].

Enteral feeds are generally delivered through nasogastric 
tubes. ET feeds can be associated with nausea, vomiting, 
diarrhoea, constipation, abdominal distension, cramps, tube 
dislodgement, clogging, regurgitation, and aspiration [55,56]. 
Hence, gastrointestinal intolerance can limit the use of enteral 
feed. In this study, MaxvidaTM high protein was given as an 
ET feed, and the feed volume was prescribed by the treating 
physician. MaxvidaTM high protein ET feed could be safely 
administered over 12 days, and no administration issues 
(mixing, consistency, feeding) were reported. There were no 
reports of tube obstruction. 

Two patients reported vomiting after the enteral feed was started. 
One patient who experienced vomiting had a history of nausea 
and vomiting before the enteral feed. Nausea and vomiting are 
the most common adverse events associated with enteral feeds [23].

Selecting an appropriate formula, feeding method, frequency, 
and volume of feed, and the timing of administration can 
reduce the likelihood of these complications [57]. Also, as per 
the literature, formulas containing fiber might contribute 
to a decrease in the occurrence and intensity of diarrhea and 
gastrointestinal complications in critically ill patients, without 
raising the likelihood of other negative outcomes [53]. The 
formula of MaxvidaTM high protein includes soluble fiber and 
prebiotics in its composition, which may contribute to the 
beneficial effects of reducing gastrointestinal intolerance. 

Gastric Residual Volume (GRV) is a marker of gastric 
dysfunction and the severity of underlying disease conditions 
[58]. High GRV is considered a marker for impaired gastric 
emptying, gastric motility disorders, or enteral feed intolerance. 
Routine GRV assessment is not recommended now to monitor 
ICU patients receiving EN; however, if GRV is used for 
monitoring, then it is recommended to withhold EN for 
GRV>500 ml if there are no other signs of EN intolerance [24,59].  
In this study, all the subjects provided with MaxvidaTM high 
protein had a GRV of <100 ml per day, except one patient with 
a GRV of 100 ml on one occasion, showing excellent Gastric 
tolerability of MaxvidaTM HP.

Conclusion
MaxvidaTM high protein is a safe and well-tolerated high-protein 
isocaloric ET feed for hospitalized adult patients, as suggested 
by the absence of any serious adverse events.

Limitation
The main limitations of the study are its short duration and 
single-centred design. Further long-term and multi-centric 
studies should be planned to evaluate the potential efficacy and 
favorable safety profile of MaxvidaTM high protein over longer 
periods and across diverse patient populations. 
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