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ORIGINAL ARTICLE

Comparative effect of protein dosage on nitrogen balance and health

outcomes in critically ill patients
Zainab Bibi', Mahpara Safdar2, Aiman Hadayat3

Abstract

Objective: To compare the impact of two different doses of proteins on nitrogen balance and clinical outcomes in critically
ill patients.

Method: The randomised clinical trial was conducted from November 2020 to May 2021 at the intensive care unit of Shifa
International Hospital, Islamabad, Pakistan, and comprised critically ill adult patients of either gender at nutritional risk.
They were divided into Group | receiving 1g per kilogramme body weight of protein, and Group Il receiving 2g per
kilogramme body weight of protein. Sequential Organ Failure Assessment scores were calculated for each case. Data was
analysed using SPSS 23.

Results: Of the 88 patients, 45(51.13%) were in Group |; 28(62.2%) males and 17(37.8%) females with mean age 61+3.5
years. There were 43(48.86%) patients in Group II; 30(69.8%) males and 13(30.2%) females with mean age 64.4+11.6 years
(p>0.05). There was no significant difference in nitrogen balance between the groups on day 1 (p=0.381). However, by the
discharge day, nitrogen balance was significantly improved in Group Il compared to Group | (p=0.001). There was a
statistically weak negative relationship between nitrogen balance and Sequential Organ Failure Assessment score (r=-0.131).
Nitrogen balance had no significant relationship with the number of ventilated days (r=-0.002), intensive care unit days
(r=0.043) and length of hospital stay (r=0.089).

Conclusion: Nitrogen balance was significantly better in the critically ill patients who received 2g protein per kilogramme
body weight compared to those receiving 1g protein per kilogramme body weight.

Clinical Trial Registration: ClinicalTrials.gov, NCT04468503.
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Introduction

A critical illness is a disease condition, either medical or
surgical, that requires treatment in a critical care unit.
Catabolism is a potentially fatal condition caused by serious
tissue injury, which increases the demand for protein
utilisation to facilitate rapid and appropriate healing of the
tissues. Raised metabolic needs in intensive care unit (ICU)
patients can cause a loss of lean body mass, leading to poor
nutritional status. Appropriate nutrition support therapy
may be necessary at this stage to improve health outcomes
during a critical illness.!

During the metabolic breakdown phase of illness, protein
serves as the fundamental source of energy. Critical illness
is linked with catabolism and proteolysis, particularly in the
skeletal muscles. The availability of amino acids in the
blood circulation contributes to tissue anabolism as well as
the synthesis of acute-phase proteins. Catabolism can also
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suppress immunity, which is further linked to increased
mortality and slow recovery.2 Increased protein
consumption is thought to minimise the catabolic
condition by providing adequate exogenous amino acids.3

The gluconeogenesis process, followed by proteolysis in
critical illness, results in increased nitrogen excretion from
the body. Nitrogen balance (NB) is one of the methods used
for monitoring protein optimisation, which calculates the
amount of nitrogen consumed from protein intake minus
the amount of nitrogen losses.# NB is a good indicator of
optimum protein intake and better health outcomes.
However, there have been only a few large, randomised
trials  investigating  NB-accommodated  protein
consumption in ICU patients.5

During critical illness, adequate amino acid
supplementation may be necessary to prevent excessive
proteolysis. Protein supplementation cannot completely
stop catabolism, but it supports increased protein synthesis
to compensate for some of the protein losses.6 According
to the current guidelines of the Society of Critical Care
Medicine and the American Society of Parenteral and
Enteral Nutrition, protein should be provided at a level of
1.2-2.0g/kg/day, with possibly higher amounts for obese
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patients or those with multiple traumas or burns.”

Various meta-analyses and recent randomised controlled
trials (RCTs) have indicated that a hyper-calorie and hypo-
protein diet increases the risk of complications in
malnourished ICU patients.8 Recent literature has reported
the benefits of increasing protein for malnourished
critically ill patients.? Numerous studies regarding protein
recommendations for critically ill patients, and its
association with NB have been conducted worldwide, but
there is limited evidence comparing various protein
dosages.4 Particularly in Pakistan, there have been limited
investigations, with no standard cut-off value. A cross-
sectional, observational study was conducted in the ICU at
a hospital, aiming to determine the protein intake of
various groups in relation to NB.10 However, until now, to
our knowledge, no study has reported on the comparative
effects of different protein dosages on NB and health
outcomes in critically ill patients. The current study was
planned to fill the gap in literature by comparing the
impact of two different doses of proteins on NB and clinical
outcomes in critically ill patients.

Patients and Methods

The single-blind randomised clinical trial was conducted
from November 2020 to May 2021 at the Shifa International
Hospital (SIH), Islamabad, Pakistan, and comprised critically
ill patients at nutritional risk. The patients were divided into
Group | receiving 1g/kg body weight of protein, and Group
Il receiving 2g/kg body weight of protein. The patients were
kept blinded to their respective group.

After approval from the ethics review committee of SIH /
Shifa Tameer-e-Millat University (STMU) and Shifa Clinical
Research Centre, Islamabad, the study was conducted in
line with the Consolidated Standards of Reporting Trials
(CONSORT) guidelines.!"

The sample size was determined using the World Health
Organisation (WHO) calculator in the light of earlier
studies>1213  with 5% significance, indicating the
acceptable probability of a Type | error. The power of the
test was kept 80%, representing the likelihood of detecting
a true effect if it exists. The standard deviation was,8 the
test value of the population mean for the low protein group
was 9.7 and the anticipated population mean for the high
protein group was 4.1. The sample size was inflated by 10%.
A simple randomization technique was employed to assign
eligible participants to either Group 1 or Group 2.

The study included critically ill adult patients of either
gender who had been in ICUs, high-dependence units
(HDUs) and step-down units (SDUs) for >48 hours and who
were at nutritional risk, as assessed by Nutrition Risk in
Critically ill (NUTRIC) score >3.12 Patients under 18 years of
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age, those on physician-prescribed protein restrictions, or
on ventilator support for >72 hours were excluded, and sp
were patients with ICU stay <48 hours, and those expected
to have life support withdrawn within 7 days.

Data was collected after taking informed consent from all
the patients. the Acute Physiology and Chronic Health
Evaluation (APACHE-II) score assessed disease severity, the
Sequential Organ Failure Assessment (SOFA) score
evaluated organ function, and NUTRIC score identified
nutritional risk.12

Protein was administered through oral, enteral, or
parenteral routes, adjusted to patients' tolerance and
medical status. Protein sources included oral/tube feeds
based on egg whites or supplements (Beneprotein Boost,
Peptamen, Nova Source, Resource Optimum, Resource
Diabetes), while parenteral administration used standard
amino acid solutions (5% Aminoplasmol, 10%
Aminoplasmol, 5% Aminovil, 10% Aminoluban, Nutriflex
Tripple Chamber).

Aferm collecting demographic information as well as
APACHE-II and NUTRIC scores, further data included
Glasgow Coma Scale (GCS), renal function test and dietary
assessments every 24 hours. Subsequently, SOFA score,
urine urea nitrogen, C-reactive protein (CRP), albumin and
liver function tests (LFTs) were measured every 72 hours.
Lastly, a 30-day follow-up tracked mortality and re-
hospitalisation.

Baseline characteristics, such as age, gender, body mass
index (BMI), medical history, recent hospitalisation and
smoking status, were extracted from the medical records.
Initial APACHE-II and NUTRIC score screenings occurred
within 24 hours of ICU admission. Daily data encompassed
diagnosis category, vital signs and biochemical values.
Dietary assessments were conducted and compared to
ASPEN guidelines for recommended caloric intake (25-
30kcal/kg/day).13 Patients' actual caloric intake was
monitored and contrasted with the guidelines. Urine urea
nitrogen was measured for NB calculations [6] from 24-hour
urine samples collected every 72 hours while in the ICU.

Data was analysed using SPSS 23. Data was expressed as
meantstandard deviation or as frequencies and
percentages, as appropriate. Kolmogorov-Smirnov test was
used to assess data normality, validating the use of
parametric statistical tests for further analysis. Independent
sample t-test was used to compare NB in the groups. Paired
t-test was used to compare the change in NB within the
groups, while the relationship between NB and various
clinical outcomes were determined using the Pearson
correlation. P<0.01 was kept as the level of significance.
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Results

Of the 376 patients screened, 88(23.4%) were included
(Figure-1). Of them, 45(51.13%) were in Group |; 28(62.2%)
males and 17(37.8%) females with mean age 61+3.5 years.
There were 43(48.86%) patients in Group IlI; 30(69.8%)
males and 13(30.2%) females with mean age 64.4+11.6
years (p>0.05). There were no significant differences
between the groups at baseline (Table-1).

The mean calorie intake was 1755+273 and the mean
protein intake was 88+32 (Table-2).

There was no significant difference in NB between the
groups on day 1 (p=0.381). However, by the discharge day,
NB was significantly improved in Group Il compared to
Group | (p=0.001) (Table-3, Figure-2).
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Table-2: Caloric protein intake achieved by the patients.

Variable Recommended  Actual Intake in ICU % Intake of
Mean £SD Mean £SD RDA

Energy (kcal/kg/day) ~ 2150+208 17554273 83

Protein (g/kg/day) 93.6+29 88+32 94

SD: Standard deviation, RDA: Recommended dietary allowance.

There was a significant positive correlation of the length of

Table-1: Baseline characteristics of the patients.

( Enrollment ) | Assessed for eligibility (n=376)
»| Excluded (n=230)
Y « Not meeting inclusion criteria (n= 90)
# Declined to participate (n=71)
Randomized (n=146) | | ¢ NUTRICscore<3 (n=51)
« Other reasons (n=18)
J }
Allocated to intervention Exit (n=58) Allocated to intervention
(n=73) & MV>72hrs continuously (n=73)
Group | (1g/kg BW Protein) o Expired within 7 days Group Il (29/kg BW Protein)

& Support withdraws
& ICUstay<48 hrs

Y Y

Characteristics Group | Group Il Overall  p-value
n (%)(n=45) n(%)(n=43)  n(%)(n=88)
Mean Age (years) 61+3.5 64.4+11.6 62.7£12.6  >0.05
Gender >0.05
Male 28(62.2%) 30 (69.8%) 58 (65.9%)
Female 17 (37.8%) 1313(30.2%)  30(34.0%)
Mean BMI 26.7+48 27.0+6.4 269+56 >0.05
Diagnosis Category
Respiratory 30 (66.7%) 27 (62.8%) 57(61%) >0.05
Gl Disease 0(0%) 2(4.7%) 2(2.3%)
Nephrology 4(8.9%) 2 (4.7%) 6 (6.8%)
Neurology 3(6.7%) 4(9.3%) 7 (8%)
(VD Disease 4(8.9%) 2 (4.7%) 6 (6.8%)
Other 4(8.9%) 6 (14.0%) 10 (11%)
Past Medical History
>1 comorbids 32(71.1%) 30 (69.8%) 62(70%)  >0.05
Nil 13(28.9%) 13(30.2%) 26(30%)
Mean GCS 13.1+23 13716 134+2  >0.05
Smoking History 20 (44.4%) 16 (37.2%) 36 (40%)  >0.05
Mean Scores
APATCHE Score 15.5+4 17.8+4.4 16.7+43  >0.05
NUTRIC Score 5.8+15 55+14 5715  >0.05
SOFA Score 6.7+1.8 13.7+1.6 59+19  <0.001
Study Exit 30 (66.7%) 28 (65.1%) 58(65%)  >0.05
Mean Biochemical Variables Distribution
Haemoglobin 11.8+2.9 121429 - >0.05
Haemoglobin A1c 7.6£2.7 6.9+2.3 -
Magnesium 1.7+£0.4 1.8+0.39 -
Total Bilirubin 1.140.9 1.6+2.6 --
(reatinine 24+2.1 1.8+1.5 -
Albumin 29405 2.9+0.63 -
(-Reactive Protein 126.1£108.6 137.3£211.6 -
White Blood Cells 16376.4+7915 15021.6+6379 -
Nitrogen Balance -8.6+4.4 -9.4+4.8 -

Platelet

209333.3+105163  210444.1+98504

Lost to follow-up (n=2)
Readmitted within 30 Days (n=9)
Expired within 30 Days (n=8)

Lost to follow-up (n=2)
Readmitted within 30 Days (n=14)
Expired within 30 Days (n=14)

Follow-up

Y

Analyzed (n= 45)

V

(Analysis (n=88) )————  Analyzed (n=43)
Figure-1:The study flow chart.

MV: Mechanical ventilation, ICU: Intensive care unit.
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Figure-2: Comparison of nitrogen balance NB) at Day 1and discharge from
intensive care unit (ICU).

BM!I: Body mass Index, Gl: Gastrointestinal, CVD: Cardiovascular diseases, GCS: Glasgow coma scale, APATCHE:

Acute physiology and chronic health evaluation. NUTRIC: Nutrition risk in critically ill; SOFA: Sequential

organ failure assessment, SD: Standard deviation.
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Figure-3: Follow-up after discharge from intensive care unit (ICU).
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Table-3: Intergroup comparison of change in nitrogen balance (NB).
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the study's positive outcomes underscore the

Mean Nitrogen Paired Difference pvalue significance of personalised and targetted

Balance SD  Std.Error  95% Confidence Interval interventions to enhance nutrition in ICUs. This

Day1 AtDischarge Mean of the Difference proactive approach not only reflects the

Lower Upper dedication of the healthcare team, but also

Group | -8.6 5.8 3.9 0.58 -39 -1.606 <0001 emphasises the potential benefits of optimised

Groupl 94 -33 5.2 0.80 -1.8 -45 <0.001  protein intake in improving patient outcomes
*Significant at p<0.01; SD: Standard deviation. during their ICU stay.17.18

Table-4: Correlational matrix between clinical outcomes and nitrogen balance (NB). The findings of the current study confirmed that an

Mean+SD 1 2 3 4 5 increased protein intake was comparatively beneficial

1. Length of ICU Stay 959+4.1 - — - (p<0.001) in terms of improving NB compared to a low

2.Length of MV Dependency 1.83£15 0.65** - - - protein intake. This was in line with literature.’® When

3. Length of Hospital stay 13.94453 088" 059 == == comparing the effects of a protein-fortified diet and a

4.SOFA score variation over time ~ -1.75£1.6  -0.75  -0.063 -0.155 ~~ = standard diet with ICU protocol care on NB of critical care

5. Variation in NB 443+49 0.043 -0.002 0.089 -0.131 1

patients, a study noted a significantimprovement in the

**_Correlation is significant at the 0.01 level (2-tailed); MV: Mechanical ventilation, SOFA: Sequential organ

failure assessment, NB: Nitrogen balance, ICU: Intensive care unit, SD: Standard deviation.
hospital stay (LOS) with the length of ICU stay (r=0.88,
p<0.001) and length of mechanical ventilation (MV)
dependence (r=0.59, p<0.001) The improvement in NB
showed a moderate negative correlation with LOS
(r=-0.131, p<0.001). SOFA score variation over time
displayed a moderate negative correlation with LOS
(r=-0.75, p<0.001) and a weak negative correlation with
length of MV dependence (r=-0.063, p=0.002) (Table-4).

Discussion

Positive association of clinical outcomes with improved
protein intake in critically ill patients was observed, which
inspired the current clinical trial to analyse the influence of
two different protein prescriptions on NB and outcomes in
critically ill patients.?> All patients admitted to the ICU had
negative NB, indicating the catabolic state, and none had
positive NB in the current study. The findings were
consistent with multiple similar trials that also reported
negative NB in approximately 100% of critically ill
patients.1415

A recent RCT was compared two groups with 'standard' or
'high' protein supply (1.2g and 1.8g protein/kg body weight
per day, respectively)'4 by medical nutrition treatment. In
critically ill patients, studies have examined the hypothesis
that higher total protein intake was linked to lower 90-day
mortality and improved protein biomarkers, such as serum
pre-albumin, serum transferrin, and 24-hour urinary urea
nitrogen (UUN)816 The trials indicated distinct clinical
findings, but could not elaborate on the protein dosage to
analyse which one was more potent.

Through the strategic use of supplementary protein
feedings, patients' actual protein intake was elevated in the
current study, reaching a commendable 94% of the
recommended value. By incorporating supplementary
protein feedings into the overall nutritional support plan,
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protein-fortified diet group.1®

All the critically ill patients in the current study were in the
catabolic state (Figure-2), as indicated by negative NB
regardless of their diagnoses. This was consistent with
literature.”

In both the study groups, the mean NB at day 1 was higher
than at discharge. This suggests that both groups
experienced a decline in negative NB over time or
improvement towards a positive value. The level of
significance (p<0.001) indicated that the observed NB
changes were unlikely to be due to random chance. The
standard deviations (SDs) help understand the variability
in NB measurements within each group. Higher SD values
indicate more dispersion or spread of the data points
around the mean. The 95% confidence intervals (Cls) of the
difference indicated the range within which the researchers
were 95% confident that the true difference in NB between
day 1 and discharge happened to be significant.’8 Some
recent studies reported similar findings.'8 As such, it is
possible to hypothesise that high-protein medical nutrition
therapy following the onset of trauma could effectively
reduce endogenous proteolysis, thereby contributing to
muscle mass preservation.8

In the current study, there was a significant relationship
between NB and SOFA score (Table-4), which was in line
with another observational study.3 However, the study
yielded inconclusive findings regarding the link between
increased protein intake and clinical outcomes. RCTs
comparing protein doses in ICU patients are limited, and
vary greatly in their study designs and basic outcomes.
These studies generally had relatively small differences in
the amount of protein delivered to them. A systematic
review of existing studies found no difference in mortality
with increased protein consumption.20

However, the current study identified a link of protein
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intake, LOS and ICU stay with MV support and mortality
rate. This connection is particularly crucial for critically ill
patients undergoing an extended ICU stay, such as those
with multiple traumatic injuries. A high-protein diet is
beneficial in critical illness, as it supports muscle mass
preservation, and aids recovery. High-protein diet remains
a valuable tool in managing muscle loss and promoting
healing in clinical settings.2! However, long-term research
is needed in this regard. Future research needs to compare
the quality and type of proteins that will incur better
outcomes in critically ill patients.

Conclusion

Catabolism-induced muscle mass loss and loss of
functional proteins are linked to poor outcomes in critically
ill patients. Therefore, it is suggested that an adequate
supply of protein should be included in a medical nutrition
concept to improve positive NB.
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