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Abstract

Objective: this study aimed to assess the effects of two isocaloric parenteral nutrition (PN) regimens with different protein content and non-protein
calorie to nitrogen ratio (NPCNR) on the evolution of nutritional parameters and outcomes in adult inpatients.

Methods: this was a retrospective quasi-experimental study performed in a 400-bed tertiary hospital. Adult inpatients were initially eligible if
they had received > 4 days of PN with NPCNR > 100 or < 90 in a period of three years. Patients were propensity-score matched to adjust for
differences, resulting in two final cohorts: Cohort “Medium-P” included patients receiving PN with NCPCNR > 100 and cohort “High-P”, receiving
PN with NCPCNR < 90. The main variables were differences in plasma albumin, prealbumin, cholesterol, and lymphocyte count, days requiring
PN, length of stay, and mortality at 90 days.

Results: 202 patients were finally recruited and divided into the two equal cohorts. Patients were mainly male (122; 60.4 %), surgical (149;
73.8 %), critically ill (100; 49.5 %), with high nutritional risk (141; 69.8 %) and with a neoplasm (145; 71.8 %). PN provided 25 kcal/kg/day, but
Keywords: protein intake was 0.25 g/kg/day higher in the “High-P” cohort. Baseline characteristics and biochemistry were not different between the two
cohorts. The “High-P” cohort presented a smaller difference at the end of PN for lymphocytes, more days with hyperglycaemia, and more days

Parenteral nutrition. Energy  rgquiring PN. The rest of variables did not differ.
intake. Dietary proteins.

Critical illness. Propensity Conclusions: high doses of protein (lower NPCNR) did not present advantages compared to medium doses of protein (higher NPCNR) when
score. Mortality. providing isocaloric PN in adult inpatients.
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CONTENT — A PROPENSITY-SCORE MATCHED COMPARATIVE STUDY

Resumen

Objetivo: este estudio tuvo como objetivo evaluar los efectos de dos regimenes de nutricion parenteral (NP) isocaldrica con diferente contenido
de proteinas y relacion calorias no proteicas-nitrdgeno (NPCNR) sobre la evolucion de los pardmetros nutricionales y los resultados en pacientes

adultos hospitalizados.

Métodos: se trata de un estudio cuasiexperimental retrospectivo realizado en un hospital terciario de 400 camas. Los pacientes adultos hospi-
talizados eran inicialmente elegibles si habian recibido > 4 dias de NP con NPCNR > 100 o < 90 en un periodo de 3 afios. Los pacientes fueron
emparejados por puntuacion de propension para ajustar las diferencias, lo que resulté en dos cohortes finales: la cohorte “P media” incluyd
pacientes que recibieron NP con NCPCNR > 100 y la cohorte “P alta”, que recibié NP con NCPCNR < 90. Las principales variables fueron las
diferencias en la albimina plasmatica, la prealbtimina, el colesterol y el recuento de linfocitos, los dias que requirieron NP, la duracion de la

estancia hospitalaria y la mortalidad a los 90 dias.

Palabras clave:

Resultados: finalmente se reclutaron 202 pacientes y se dividieron en dos cohortes iguales. Los pacientes fueron principalmente varones

(122; 60,4 %), quirurgicos (149; 73,8 %), criticos (100; 49,5 %), con alto riesgo nutricional (141; 69,8 %) y con neoplasia (145; 71,8 %). La

Nutricién parenteral.
Ingesta energética.
Proteinas dietéticas.
Enfermedad critica.
Puntuacioén de propension.

BACKGROUND

NP proporciond 25 kcal/kg/dia, pero la ingesta de proteinas fue 0,25 g/kg/dia mayor en la cohorte “P alta”. Las caracteristicas iniciales y la
hioquimica no fueron diferentes entre las dos cohortes. La cohorte “P alta” presentd una diferencia menor al final de la NP para linfocitos, mas
dias con hiperglucemia y mas dias que requirieron NP. El resto de variables no difirieron.

Conclusiones: las dosis altas de proteina (menor NPCNR) no presentaron ventajas en comparacion con las dosis medias de proteina (mayor
Mortalidad. NPCNR) al proporcionar NP isocaldrica en pacientes adultos

MATERIALS AND METHODS

In the last years, the provision of clinical nutrition has focused on
higher protein intake rather than higher energy intake, especially in
severely ill (1) and surgical patients (2), but there is much contro-
versy regarding protein and caloric needs. Current ESPEN guidelines
for critically-ill patients recommend 1.3 g protein/kg/day and 20-
25 keal/kg/day (3). For surgical patients, there are currently no
specific intake recommendations (4), but in the previous 2017 gui-
delines, requirements were estimated at 1.5 g protein/kg/day and
25-30 kecal/kg/day (5). ASPEN guidelines differ from these Europe-
an guidelines, being 1.2-2 g protein/kg/day and 12-25 kcal/kg/day
for critically ill patients (6) and without recent guidelines for surgical
patients. In other recommendations, a moderately hypocaloric nu-
trition, 20 kcal/kg/day, along with a high protein content of 2 g/kg/
day, was also proposed for hospitalized patients (7). However, high
protein doses and hypocaloric nutrition have not been demonstrated
to improve outcomes in critically ill patients (8,9). Most nutritional
studies did not examine the relationship between energy and protein
intakes (10). An additional variable combining both values could be a
logical approach to assess it. This is the classic non-protein calorie to
nitrogen ratio (NPCNR) (11), which was early proposed to maximise
protein synthesis during clinical nutrition (11). It is worth noting that
this is a counterintuitive parameter, the higher the values, the less
protein is contained in the diet.

When NPCNR was calculated, the values ranged from 71 to 100
non-protein kecal/g nitrogen for the ESPEN guidelines, from 37.5 to
105 non-protein keal/g nitrogen for ASPEN guidelines, and about
37.5 non-protein kcal/g nitrogen for hospitalized patients. As can
be seen, the proposed nutritional intakes cover a wide range of
values. The higher values double and even triple the lower ones.
However, to the best of our knowledge, there are no recent studies
assessing the influence of NPCNR on nutritional parameters and
outcomes in patients receiving parenteral nutrition (PN).

This study aimed to assess the effects of two regimens of iso-
caloric PN with different NPCNR on the evolution of nutritional pa-
rameters and outcomes in adult inpatients requiring this nutritional
therapy and receiving intakes close to those recommended.
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STUDY DESIGN

This was a retrospective quasi-experimental study based on
prospectively collected data performed in a 400-bed university
tertiary hospital in an urban area. Al adult (> 18 years old) pa-
tients were initially eligible if they had received > 4 days of PN,
as initial exclusive nutritional therapy, with NPCN > 100 or < 90
between January 2015 and December 2017 during their hospi-
tal admission. Patients were excluded if they received long-term
(> 90 days) or home PN or lacked recorded data.

Patients were then divided into two initial cohorts depending
on their NPCNR: one that included patients who had received
PN with an NPCNR > 100 non-protein kilocalories/g of nitrogen
and another that included patients who had received PN with an
NPCNR < 90 non-protein kilocalories/g of nitrogen. Subsequent-
ly, both initial cohorts were propensity-score matched to adjust
for differences, resulting in two final cohorts: Cohort “Medium-P”
included patients on PN with an NPCNR > 100 who received less
protein, and cohort “High-P”, patients on PN with an NCPCNR
<90 who received more protein.

ETHICAL APPROVAL

Ethics approval was obtained from the Comité Etic d’Investi-
gacio, CEIC-Parc de Salut Mar (approval number 2021-9677).

PARENTERAL NUTRITION THERAPY

Overall, PN was designed to provide about 25 kcal/kg ideal
body weight (IBW)/day and about 1.2-1.5 g protein/kg IBW/day.
The composition of each PN was individually modified when ne-
cessary according to clinical conditions, evolution, and laboratory
parameters.
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PN was prepared following usual hospital practices as an
“all-in-one” admixture and was administered in a 24-h perfu-
sion. All patients received the same products used to prepare
PN: glucose solutions, standard amino acid solution (Aminoplas-
mal L, B. Braun, Rubi, Spain), intravenous lipid emulsions (IVLE)
(SMOFLipid 20 %, Fresenius Kabi, Barcelona, Spain or Clinoleic
20 %; Baxter; Ribarroja del Taria, Spain), vitamins (Cernevit, Ba-
xter, Ribarroja del Turia, Spain), trace-element solution (Addamel,
Fresenius Kabi, Barcelona, Spain or Supliven, Fresenius Kabi,
Barcelona, Spain), and electrolytes.

The intravenous lipid emulsions (IVLE) containing fish oil
(SMOFLipid 20 %) was used mainly in severely-ill patients or
with moderate hypertriglyceridemia (triglyceridemia > 250-400
mg/dL). IVLE based on an olive oil emulsion (Clinoleic 20 %) was
used in the remaining patients.

Additional energy sources such as propofol and glucose infu-
sions were also considered.

DATA COLLECTION

Data collected at PN initiation were patient demographics, main
diagnosis, anthropometric data (weight, height, body mass index
(BMI), IBW (12), type of admission (emergent or elective), type of
patient (medical or surgical), critically ill condition, the severity of
illness at the beginning of PN, comorbidity, and nutritional risk.
The severity was classified as minor (predicted mortality < 10 %),
moderate (predicted mortality from 10 % to < 25 %), and major
(predicted mortality > 25 %) according to Mortality Probability Mo-
del-lll (13) at PN initiation. Comorbidity was classified as mild (pre-
dicted mortality < 10 %), moderate (predicted mortality from 10 %
to < 25 %), and severe (predicted mortality > 25 %) according to
the Elixhauser score (14). The nutritional risk was classified as low
(score < 1), moderate (score = 2), and high (score > 3) according
to the Nutritional Risk Score (NRS) 2002 (15).

Serum levels of biochemical parameters at the beginning and
end of PN were also recorded: creatinine and estimated glomeru-
lar filtration rate (€GFR) by the Chronic Kidney Disease Epidemio-
logy Collaboration (CKD-EPI) equation (16), albumin, prealbumin,
lymphocyte count, C-reactive protein (CRP), triglycerides, biliru-
bin, and alkaline phosphatase (ALP). Other parameters recorded
were the number of days with hyperglycaemia (days with at least
one glycemia > 180 mg/dL).

Nutritional data recorded were the mean amount of protein,
glucose, IVLE, and energy administered per kg of IBW during PN,
mean NPCNR, use of IVLE with fish oil, indication for PN, length
of PN, and days between admission and PN initiation.

VARIABLES

Nutritional parameters considered were plasma albumin, pre-
albumin, cholesterol, and lymphocyte count. The number of pa-
tients who improved in at least three of these parameters at the
end of the PN was also considered.

J. Mateu-de Antonio and M. de Antonio-Cusco

Outcomes considered were days requiring PN, admission in
intensive care unit (ICU) or post-anaesthesia care unit (PACU) for
> 3 days during PN, length of stay (LOS), and mortality 90 days
after the end of PN.

All patients were followed for at least 90 days after the end of
PN or until death if it occurred before 90 days. Mortality was ex-
tracted from hospital records, primary-care records and a central
register of the autonomous health authority.

STATISTICAL ANALYSIS

Propensity-score matching was performed to reduce biases in
patient selection from the initial cohorts. Propensity scores were
obtained by logistic regression and using one-to-one nearest
neighbour matching without replacement with assignation to a
Medium-P or High-P as a dichotomous dependent variable and
sex, age, severity, comorbidity, BMI, plasma albumin, ICU admis-
sion, need for renal replacement therapy, all at PN initiation, as
independent variables. The caliper was set to a width of twice the
standard deviation of the propensity score logit value (17).

Categorical variables were presented as percentages, and
continuous variables as mean and 95 % confidence intervals
(95 %Cl). Analyses were conducted using a chi-squared or
Fisher’s exact test for categorical variables and the Student’s
t-test for continuous variables. Survival was estimated with the
Kaplan-Meier method, and the survival rate was compared using
the Breslow test.

In all analyses, p-values were two-tailed and p < 0.05 was
considered statistically significant.

Statistical analyses were performed using IBM SPSS Statistics
25.0 (IBM Co., Armonk, NY, U.S.A.).

OTHER OUTCOMES INVESTIGATED
IN SUB-STUDIES AND IN SUBGROUPS

Based on the primary results, two sub-studies have been car-

ried out in order to analyze the impact of critical illness and the
use of fish oil in the IVLE administered, respectively.

RESULTS

All adult patients receiving PN during the study period were
initially screened (Fig. 1). A total of 202 patients were finally re-
cruited and divided into two equal cohorts of 101 patients each.
Generally, patients were mainly male (122, 60.4 %), surgical
(149; 73.8 %), about half of them critically ill at the beginning
of PN (100; 49.5 %), with high nutritional risk (141, 69.8 %)
and with neoplasm as the main diagnosis (145; 71.8 %). Detai-
led baseline characteristics of the two cohorts were presented
in table I. The only difference between the two cohorts was the
prevalence of diabetes mellitus, being about 15 % higher in the
Medium-P cohort.

[Nutr Hosp 2024;41(4):766-774]
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777 adult patients received PN
within the study period

137 patients receiving PN
< 4 days

171 patients receiving PN with
NPCN between 90-100

6 patients with lack of data

261 patients without a match
after propensity-score matching

v

202 patients divided into two
equal cohorts

Figure 1.
Patient recruitment procedure for the study.

Baseline biochemistry at the start of PN was presented in table II.
The parameters studied did not differ between the two cohorts. PN
provided about 25 kcal/kg IBW/day in all patients, but there were
differences in protein intake, being about 0.25 g/kg IBW/day higher
in the High-P cohort. The dose of lipid emulsion provided was lower
in the High-P cohort and NPCNR was lower in the High-P cohort.
More patients received IVLE-containing fish oil in the High-P cohort.

Few differences were detected in the evolution of biochemical
and nutritional parameters to the end of PN. Data were shown
in table Ill. The difference in triglycerides and lymphocytes was
lower in the High-P cohort. This cohort also presented more days
with hyperglycaemia during PN.

Outcomes were not statistically different between the two co-
horts, except for PN duration, which was longer in the High-P
cohort (Table IV). Mortality reached a p value close to significance
when analysed by a Kaplan-Meyer plot, as shown in figure 2.

The sub-study in critically ill patients included a total of 100 pa-
tients distributed as shown in table I. Baseline characteristics
of both subgroups were similar without statistical differences
except for the protein intake, sub-cohort Medium-P received
1.19 (1.13-1.25) vs. 1.45 (1.40-1.51) g/kg IBW/day received by
sub-cohort High-P, p < 0.001, and, evidently, for NPCNR 108.5
(104.2-112.9) vs. 84.8 (83.2-86.5), respectively, p < 0.001.

Table l. Baseline characteristics

Cohort Medium-P Cohort High-P
(n =101) (n=101) P
Gender, male, 1 (%) 61 (60.4 %) 61 (60.4 %) 1.000
Age, years 71.2 (68.3-74.1) 71.1 (68.5-73.7) 0.969
Ideal body weight, kg 59.1 (68.1-60.0) 58.6 (57.7-59.5) 0.486
Body mass index, kg/m? 25.8 (25.1-26.5) 26.1 (25.2-27.1) 0.562
Surgical patient, 1 (%) 77 (76.2 %) 72 (71.3 %) 0.523
Critically ill at the beginning of PN, 1 (%) 48 (47.5 %) 52 (51.5 %) 0.673
Renal replacement therapy during PN, 1 (%) 11(10.9 %) 12 (11.9 %) 1.000
Emergent admission, 1 (%) 71(70.3 %) 59 (58.4 %) 0.106
Surgical procedure 7 days prior to PN, 11 (%) 57 (56.4 %) 56 (55.4 %) 1.000
Days between admission and PN start 8.7 (6.3-11.1) 8.4 (6.6-10.2) 0.853
Diabetes mellitus, n (%) 45 (44.6 %) 30 (29.7 %) 0.041
Comorbidity
Mild, n (%) 74 (73.3 %) 78 (77.2 %) 0.625
Moderate, 1 (%) 24 (23.8 %) 20 (19.8 %) 0.609
Severe, 1 (%) 3(3.0%) 3(3.0 %) 1.000
Severity
Minor, 1 (%) 46 (45.5 %) 53 (52.5 %) 0.398
Moderate, 1 (%) 34 (33.7 %) 29 (28.7 %) 0.544
Major, 1 (%) 21(20.8 %) 19(18.8 %) 0.865
Nutritional risk
Low, n (%) 7 (6.9 %) 9(8.9 %) 0.795
Moderate, 1 (%) 27 (26.7 %) 18 (17.8 %) 0.176
High n (%) 67 (66.3 %) 74 (73.3 %) 0.358

[Nutr Hosp 2024:41(4):766-774]
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Table | (cont.). Baseline characteristics

Cohort Medium-P Cohort High-P
(n =101) (n=101) P
Main diagnostics
Lower digestive tract neoplasms, 1 (%) 26 (25.7 %) 25 (24.8 %) 1.000
Acute non-neoplastic lower gastrointestinal diseases, 1 (%) 18 (17.8 %) 21 (20.8 %) 0.722
Other neoplasms including haematological, 17 (%) 18 (17.8 %) 22 (21.8 %) 0.597
Upper digestive tract neoplasms, 1 (%) 6 (5.9 %) 9(8.9%) 0.593
Acute non-neoplastic upper gastrointestinal diseases, 1 (%) 6 (5.9 %) 5(5.0 %) 1.000
Acute pancreatitis, 1 (%) 5(5.0 %) 2 (2.0 %) 0.445
Other diseases, 1 (%) 28 (27.7 %) 23 (22.8 %) 0.517
Table Il. Baseline biochemistry and nutrition related parameters
Cohort Medium-P Cohort High-P
(n =101) (n=101) P
Baseline biochemistry
eGFR, mL/min/1.73 m? 68.3 (61.4-75.1) 72.5 (66.5-78.5) 0.354
Creatinine, mg/dL 1.37 (1.13-1.61) 1.22 (1.00-1.45) 0.368
Bilirubin, mg/dL 0.70 (0.46-0.94) 1.26 (0.57-1.96) 0.131
ALP, U/L 93 (78-108) 118 (96-141) 0.071
Triglycerides, mg/dL 118.7 (103.9-133.6) 131.8 (106.2-157.4) 0.387
CRP, mg/dL 15.02 (12.61-17.43) 16.21 (13.58-18.83) 0.509
Albumin, g/dL 2.5(2.4-2.7) 2.6 (2.5-2.7) 0.694
Prealbumin, mg/dL 10.2 (8.8-11.7) 10.9 (9.6-12.1) 0.489
Total cholesterol, mg/dL 94 (86-102) 98 (88-108) 0.476
Lymphocytes, x10° cell/mL 1.12 (1.00-1.25) 1.23 (0.94-1.51) 0.519
Parenteral nutrition
kcal/kg IBW/day 25.0 (24.3-25.7) 24.8 (24.1-25.6) 0.754
Non-protein kcal/g N 108.6 (105.4-111.7) 84.3 (83.0-85.5) < 0.001
Protein, g/kg IBW/day 1.19(1.14-1.23) 1.43(1.38-1.47) < 0.001
Glucose, g/kg IBW/day 2.93 (2.85-3.01) 2.85 (2.75-2.95) 0.244
Lipids, g/kg IBW/day 0.85 (0.82-0.88) 0.77 (0.73-0.81) 0.001
Patient receiving IVLE containing fish oil 73 (72.3 %) 90 (89.1 %) 0.004
Fish oil received, g/kg IBW/day 0.07 (0.05-0.08) 0.08 (0.07-0.09) 0.065
ALP: alkaline phosphatase, eGFR: estimated glomerular filtration rate; CRP: C-reactive protein, IBW: ideal body weight.
Table lll. Evolution of biochemical and nutritional parameters at the end of PN
Cohort Medium-P Cohort High-P
(n =101) (n =101) &
Biochemistry
Difference in eGFR, mL/min/1.73 m? 12.5(7.9-17.0) 12.5(7.1-17.9) 0.989
Difference in creatinine, mg/dL -0.36 (-0.54-0.19) -0.29 (-0.48-0.11) 0.591
Difference in bilirubin, mg/dL 0.04 (-0.12-0.21) 0.31 (-0.19-0.80) 0.318
(Continues on next page)
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Table Il (cont.). Evolution of biochemical and nutritional parameters at the end of PN
Cohort Medium-P Cohort High-P
(n = 101) (n = 101) P
Biochemistry
Difference in ALP, U/L 73 (43-103) 122 (64-181) 0.143
Difference in triglycerides, mg/dL 63.2 (39.5-86.9) 24.1 (-2.5-50.8) 0.031
Difference in CRP, mg/dL -8.55 (-11,01--6,10) -7.26 (-10.50-4.01) 0.526
Difference in albumin, g/dL 0.4 (0.2-0.5) 0.2 (0.1-0.4) 0.145
Difference in prealbumin, mg/dL 7.1 (6.0-9.2) 5.7 (4.1-7.3) 0.273
Difference in total cholesterol, mg/dL 26 (18-34) 21 (8-35) 0.546
Difference in lymphocytes, x10° cell/mL 0.32 (0.17-0.47) 0.03 (-0.21-0.27) 0.047
Patients who improved in at least 3 nutritional parameters by the 44 (43.6 %) 44 (43.6 %) 1.000
end of PN, 1 (%)
Days with hyperglycaemia during PN 4.0 (3.0-5.0) 6.3 (4.8-7.9) 0.011

Evolution, difference between values at the end of PN in relation the baseline values at PN initiation. ALP: alkaline phosphatase, eGFR: estimated glomerular filtration

rate; CRP: C-reactive protein.

Table IV. Outcomes

Cohort Medium-P Cohort High-P
(n = 101) (n =101) S
PN duration, days 11.0(9.3-12.7) 15.7 (13.5-17.9) 0.001
Need for ICU or PACU admission, 11 (%) 3(3.0%) 8 (7.9 %) 0.214
Length of stay entire cohort, days 33.7 (28.2-39.2) 38.3(33.3-43.3) 0.221
Length of stay, survivors, days 32.3(26.6-38.1) 39.1(32.4-45.8) 0.129
Mortality at 90 days after end of PN, 11 (%) 22 (21.8 %) 33 (32.7 %) 0.114

ICU: intensive care unit; PACU: post-anaesthesia care unit.

Cummuitive Survival

Figure 2.
Kaplan-Meyer plot for mortality of the two cohorts.

The results only differed in days requiring NPT, sub-cohort Me-
dium-P 10.2 (8.4-12.0) vs. 16.9 (13.2-20.6) days in sub-cohort
High-P, p = 0.002. Mortality rate was not different.

[Nutr Hosp 2024:41(4):766-774]

The sub-study in patients receiving fish oil in the IVLE included

163 patients distributed as shown in table II. Baseline characteristics
of both subgroups were similar without statistical differences except
for the protein intake 1.21 (1.17-1.25) vs. 1.42 (1.38-1.47) g/kg
IBW/day, p> 0.001; non-protein kcal/g N 20.1 (19.5-20.7) vs. 19.1
(18.5-19.7) NP kcal/kg IBW/day, p = 0.031; and NPCNR 103.9
(102.2-105.7) vs. 84.4 (83.1-85.8), p < 0.001. Both sub-cohorts
received the same fish oil intake, about 0.09 (0.08-0.10) g/kg IBW/
day. Results differed only in difference in prealbumin 9.0 (6.1-12.0)
vs. 6.0 (4.4-7.5) mg/dL, p= 0.044; and in days requiring NPT, 10,8
(8.1-13.6) vs. 18.0 (14.3-21.8), p = 0.008. In all cases, being the
first values for the sub-cohort Medium-P and the second values for
the sub-cohort High-P.

The results in these sub-studies are in consonance with the
results obtained in the general study.

DISCUSSION

This study found no advantages in providing moderately high
protein doses with lower NPCNR in adult patients receiving
an isocaloric PN regimen versus medium protein doses with
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higher NPCNR, even with several parameters worsening, €.g.,
days requiring PN, lymphocyte count evolution, or days with
hyperglycaemic episodes. Mortality differences approached
significance, being higher in the cohort receiving moderately
high protein doses. The results of sub-analysis in critically-ill
patients or in patients receiving fish oil in the IVLE did not diffe-
red significantly from the entire cohort. This study had several
differences compared with most studies consulted. It included
mixed patients, critically and non-critically ill, studied an iso-
caloric diet and the relationship between calories and protein
delivered, provided protein doses close to those recommended,
and it was performed with PN as the exclusive nutritional thera-
py. All these points, to our knowledge, have not been previously
explored.

STUDIES FOCUSED ON PROTEIN PROVISION

Much controversy has been generated on protein provision
in clinical nutrition (18) and most analyses have focused only
on protein and critically ill patients. Three recent meta-analyses
reviewed this topic. That of Fetterplace et al. included six trials
with 511 critically il patients receiving exclusively enteral nutri-
tion (EN) (19). They found no differences in functional outcomes,
mortality, and LOS between a high protein group (1.3 g protein/
kg/day) and a low protein group (0.75 g/kg/day). The two groups
also received different energy provisions (21 kcal/kg/day vs.
17 kcal/kg/day). NPCNR values were around 76 in the high
and 116 in the low protein group. Lee et al. (20) included
19 randomized controlled trials (RCT) with a total of 1731 pati-
ents, only three of which were exclusively PN. They concluded that
0.48 g/kg/day higher protein delivery (1.31 = 0.48 vs. 0.90 +
0.30 g/kg/day) with similar energy provided (around 20 kcal/
kg/d) had no significant effect on overall mortality, infectious
complications, mechanical ventilation (MV) duration, and length
of ICU and LOS. The only difference was muscle loss attenu-
ated in the higher protein group. This difference was mostly
attributed to enteral nutrition (EN) studies. When calculated, the
NPCNR for the higher protein cohort was about 70, and about
114 for the lower protein cohort. A prior meta-analysis (21)
also found no effects on mortality from different protein doses
delivered (0.67 vs 1.02 g/kg/day).

In PN, protein doses were compared in the RCT of Ferri et
al. (22) who found that providing 1.2 g of protein/kg/day vs
0.8 g/kg/day in a non-isocaloric regimen in critically il patients
improved handgrip strength, fatigue score, and muscle thickness,
but with no differences in LOS, ventilator days, and mortality. The
NPCNR in this study could be calculated as 98 for the high pro-
tein cohort and 148 for the low protein cohort. Additionally, a
recent international study including data from 16,489 critically
ill patients (23) found that an enteral or parenteral intake of 0.8-
1.2 g protein/kg/day during the late acute phase was associa-
ted with lower hospital mortality versus a higher protein intake
(> 1.2 g/kg day).

J. Mateu-de Antonio and M. de Antonio-Cusco

STUDIES FOCUSED ON THE PROVISION
OF PROTEIN AND ENERGY SEPARATELY

Few additional studies have analysed both energy and protein
delivered in clinical nutrition. These variables are usually studi-
ed separately. A metanalysis for protein delivered (24) included
14 RCTs with a total of 1690 patients. The protein doses com-
pared were 1-2 g/kg/d vs. 0.5-0.9 g/kg/day. No changes were
detected in daily living activities after discharge, handgrip stren-
gth, quality-of-life score, mortality, and LOS. A significant increa-
se in muscle mass was noted with high protein delivery. Regar-
ding energy, the same study meta-analysed 15 RCTs including
3892 critically il patients. No outcome differences were detected
between high (> 20 kcal/kg/day) versus low (< 20 kcal/kg/day)
energy delivered. NPCNR could not be calculated from the data
provided.

The prospective observational multinational EuroPN study (25)
assessed nutritional practices in European ICUs, recruiting a total
of 1172 critically ill patients. Protein and energy intakes were
analysed separately, finding that 10-20 kcal/kg/day was associa-
ted with longer survival times and shorter invasive MV times and
0.8-1.2 g protein/kg/day was associated with earlier weaning
from MV, but not survival.

STUDIES FOCUSED ON ENERGY PROVISION

Energy delivered and its effects were analysed in a recent
review (26), where only six RCTs including 1143 critically ill
patients addressing this question were found. It concluded
that achieving energy balance with clinical nutrition may im-
prove outcomes, but too many uncertainties remain to make
this a strong statement.

STUDIES FOCUSED ON THE RELATIONSHIP
BETWEEN PROTEIN AND ENERGY

This relationship has been much less explored. From ear-
ly studies, a NPCNR of 100-150 was proposed to permit
anabolism during the anabolic phases of convalescence (11).
In a much more recent review, Kreymann et al. (10) found
a non-linear relationship between total protein loss and the
energy/nitrogen ratio provided. The study included 91 cohorts
of patients and healthy subjects. They inferred a single equa-
tion for all cohorts. Hospitalized patients had a lower energy/
nitrogen ratio than healthy subjects. Moderately ill patients
had a mean calculated NPCNR of 166 and severely ill pati-
ents, 96. However, the variable energy/nitrogen ratio did not
provide additional information to NPCNR as nitrogen is in the
numerator, as calories provided by proteins, and also in the
denominator as nitrogen itself. This ratio can be easily con-
verted to NPCNR by just subtracting 25.

[Nutr Hosp 2024;41(4):766-774]
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STUDIES FOCUSED ON VARIABLES
AFFECTING MORTALITY

In two different studies, the effects of nutrition therapy on
mortality, amongst other variables, were evaluated. In critically ill
patients requiring artificial nutrition (PN, EN, or mixed), Servia et
al. (27) analyzed 639 patients finding that providing more protein
and fewer calories was protective for 28-day mortality. However,
they provided only a mean of 16 kcal/kg/day and 0.8 g of protein/
kg/day. In a similar study, Mateu and Retamero (28) analyzed
634 mixed patients exclusively receiving PN, finding that the pro-
vision of more energy was protective for 90-day mortality. In this
study, patients received a mean of 25 kcal/kg IBW/day. Protein
delivery did not affect mortality.

Taken together, our results seemed to agree with the conclusi-
ons from all these studies. The provision of higher protein doses
has no notable advantages compared to most “conventional”
doses.

This study had several limitations. First, its retrospective na-
ture, although a propensity-score matching was performed to
reduce biases. This is a single-center study. The results could
not be extrapolated to special populations such as patients with
obesity or low BMI, with high risk of refeeding syndrome, burns,
under extracorporeal membrane oxygenation, or severe polytrau-
ma. The extrapolation to EN could also be difficult since PN could
negatively modify gut hormones, bile acids (29), microbiota (30),
and metabolism (31). Variation parameters for muscle mass or
performance were not been included in the study as they are not
routine practices in clinical settings. Time of PN initiation (early
versus late) was also not studied, although days from admission
to PN initiation were similar between cohorts. Neither were the
different energy and protein doses in the early phase of PN stu-
died. This study had a quasi-experimental design and a further
RCT would confirm the results.

In conclusion, in adult patients requiring PN, the provision of
energy close to that recommended with moderately high pro-
tein doses and lower NPCNR did not present any advantages
and even worsened some secondary parameters compared to
providing the same energy with medium doses of protein with
higher NPCNR. Differences in mortality approached significan-
ce, being higher in the cohort receiving moderately high doses
of protein.
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