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Abstract
Introduction: nutritional risk is an important prognostic factor in hospitalized patients, but frequently it is underappreciated and not considered 
as a part of the prognostic evaluation in patients from intensive care units. 

Objective: to evaluate the association between nutritional risk and 28-day mortality and characterize the nutritional support in critically ill patients.

Methods: this was a single-center, prospective cohort study was performed over 7 months in a Medical-surgical ICU of a tertiary hospital in 
Mexico. From 352 admissions a consecutive sample of 110 patients was included. All of them were ≥ 18 years old, with ≥ 48 h of stay in ICU 
and with the consent to participate. Nutritional risk assessed by the modified NUTRIC score (mNUTRIC score), 28-day mortality and nutritional 
support characteristics were recorded.

Results: the patient characteristics: mean age 50.7 ± 16.8 years, APACHE II score 15.5 ± 5.8, SOFA score 6.9 ± 3, invasive mechanical 
ventilation (IMV) 65.5 % and 28-day mortality 23.6 %. High nutritional risk (31.8 %) was associated with 28-day mortality (RR 5.81, 95 % CI 
2.69-12.53). In the surviving group, the mNUTRIC score correlated with the length of stay (LOS) in the ICU (r = 0.216, p = 0.049), LOS in the 
hospital (r = 0.230, p = 0.036) and IMV duration (r = 0.306, p = 0.037). Nutritional support was administered in 55.4 % of the patients, reaching 
only 52.9 % and 46 % of the energy and protein requirements, respectively. Only 18 % and 21.3 % of the patients achieved the energy and 
protein requirements, respectively.

Conclusions: high nutritional risk was associated with a higher risk of 28-day mortality. Less than a quarter of the patients receiving nutritional 
support reached the energy and protein requirements.
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Resumen
Introducción: el riesgo nutricional es un factor pronóstico importante en pacientes hospitalizados, pero frecuentemente es infravalorado y no 
se considera dentro de la evaluación de los pacientes en unidades de cuidados intensivos.

Objetivo: evaluar la asociación del riesgo nutricional con la mortalidad al día 28 en pacientes críticos y caracterizar el soporte nutricional.

Métodos: se desarrolló un estudio de cohorte prospectivo durante 7 meses en una UCI de tercer nivel en México. Se obtuvo una muestra con-
secutiva con 110 pacientes de 352 elegibles, con edad ≥ 18 años, estancia ≥ 48 h en UCI, datos completos y consentimiento para participar. 
El riesgo nutricional fue evaluado con NUTRIC score modificado (mNUTRIC score) y se registró la mortalidad al día 28 y las características del 
soporte nutricional.

Resultados: los pacientes tenían una edad de 50,7 ± 16,8 años; APACHE II, 15,5 ± 5,8; SOFA, 6,9 ± 3; ventilación mecánica invasiva (VMI) 
en 65,5 % y el 23,6 % de los pacientes falleció al día 28. El alto riesgo nutricional (31,8 %) se asoció con la mortalidad al día 28 (RR 5,81, IC 
95 %, 2,69-12,53). En los supervivientes, el mNUTRIC score tuvo correlación con las duraciones de la estancia en UCI (ℓ = 0,216, p = 0,049), 
estancia hospitalaria (ℓ = 0,230, p = 0,036) y VMI (ℓ = 0,306, p = 0,037). El 55,4 % de los pacientes recibió soporte nutricional. Lograron el 
52,9 % y 46 % de las metas energéticas y proteicas, respectivamente. Solo el 18 % alcanzó la meta energética y el 21,3 %, la meta proteica.

Conclusiones: los pacientes con alto riesgo nutricional tienen mayor riesgo de morir al día 28. Menos de un cuarto de los pacientes con soporte 
nutricional alcanzó las metas nutricionales.
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INTRODUCTION

Hospital malnutrition is multifactorial (1), and its prevalence 
around the world is quite variable (2). In Latin America, malnutrition 
is present in 44.9 % of hospitalized patients (3). The prevalence 
reported in intensive care units (ICUs) in Latin America ranges 
from 65 % (3) to 74.1 % (4). Malnutrition favors the appearance 
of clinical complications (5) and implies higher financial costs for 
the healthcare system (6,7).

Patients in the ICU present a high risk of malnutrition because 
of the protein catabolism due to the inflammatory status (8,9). 
Additionally, studies have demonstrated an elevated prevalence 
of underfeeding (10,11).

The first step in the fight against hospital malnutrition is identi-
fying patients with malnutrition or who are exposed to factors that 
could lead them to malnutrition. Nutritional screening identifies 
patients who would benefit from receiving adequate nutritional 
support to improve their prognosis. There are different nutritional 
screening tools (12); however, their use in ICU is difficult because 
of the unavailability and/or the invalidity of the data in those tools. 
The NUTRIC score is a screening tool especially designed for 
critically ill patients, including variables commonly available in the 
ICU that represent acute and chronic starvation, acute and chronic 
inflammation and the severity of illness (age, APACHE II, SOFA, 
number of comorbidities, days from hospital to ICU admission and 
interleukin-6 [IL-6]) (13).

International studies employing the modified NUTRIC score 
(without IL-6) have demonstrated that patients with high nutri-
tional risk have worse clinical outcomes than low nutritional risk 
patients, and this could be modified by an improvement in energy 
and protein administration (14-16).

Nutritional support provides multiple benefits beyond supplying 
energy and protein requirements. It is able to modulate the met-
abolic response through the regulation of the immune response, 
preventing oxidative damage, maintaining the gut barrier integrity 
and favoring gut microbiota (17,18). Therefore, nutritional therapy 
should be considered as part of the treatment.

In our population, there are few studies focusing on the evalu-
ation of nutritional risk and nutritional support in the ICU as well 
as its impact on the prognosis, which could be the basis for the 
implementation of interventional studies based on nutritional 
support. Therefore, our objective was to evaluate the association 
between nutritional risk and 28-day mortality and to characterize 
nutritional support in critically ill patients.

PATIENTS AND METHODS

STUDY DESIGN

A single-center, prospective cohort study was performed over 
7 months in a medical-surgical ICU of a Mexican tertiary hospital. 
The study was approved by the Research Committee and the 
Research Ethics Committee of the hospital. The personal or family 
consent to participate in the study was obtained for every patient.

PATIENTS AND VARIABLES

The consecutive sample population consisted of adult patients 
(≥ 18 years) who were admitted to the ICU for ≥ 48 h, with avail-
able clinical and biochemical data and with personal or family 
consent to participate. Readmissions or patients with brain death 
diagnosis at admission were excluded.

Patients were clinically evaluated every day, and the study vari-
ables were complemented with biochemical, and nursing records. 
Nutritional risk was assessed with the modified NUTRIC score 
(mNUTRIC score) in the first 24 h of ICU admission (a score from 0 
to 4 indicates low risk and a score from 5 to 9 indicates high risk).

The primary outcome was 28-day mortality. A phone call was 
made for those patients that were discharged from the hospital 
before the 28-day. Secondary outcomes were length of stay (LOS) 
in the ICU, LOS in the hospital and days on invasive mechanical 
ventilation (IMV), which were also recorded from the first day in the 
ICU until 28-day. Only patients with IMV for ≥ 24 h were included 
as ventilated patients.

Characteristics of nutritional support (route of administration, 
nutritional adequacy and starting day) were collected during the 
ICU stay and for a maximum of 12 days. To obtain the daily and 
12-day nutritional adequacy, calories (including propofol calories) 
and protein administration were recorded every day to determine 
the percent of calorie and protein requirements received. Energy 
requirements were calculated with the weight-based equation 
25-30 kcal/kg using the patients’ actual body weights when their 
body mass index (BMI) were < 25 and their ideal body weights 
when their BMIs were > 25. It was considered that calorie require-
ments were achieved when patients received at least 80 % of 
the corresponding requirements. If they received > 110 %, it 
was considered overfeeding, and if it was less than 80 %, it was 
underfeeding. The protein requirements were 1.2-2 g/kg when 
the BMI was < 30, 2 g/kg ideal body weight when the BMI was 
30-40 and 2.5 g/kg ideal body weight when the BMI was > 40.

STATISTICAL ANALYSIS

Statistical analysis was performed with IBM SPSS STATISTICS 
23 software. Data are reported as the means and standard devi-
ation (SD), medians and interquartile ranges (IQRs) or percentages 
and frequencies. Differences between high and low nutritional 
risk and between surviving and non-surviving patients were 
assessed with the Chi-squared or Fisher exact test and with Stu-
dent’s t-test or the Mann-Whitney U test. The relative risk (RR) with 
a 95 % confidence interval (95 % CI) was calculated for 28-day 
mortality in high nutritional risk patients, as well as the Log-rank 
(Mantel-Cox) Test to compare survival curves between groups.

The correlations between the mNUTRIC score and LOS in the 
ICU, LOS in the hospital and days with IMV were evaluated with 
the Spearman correlation coefficient.

The predictive capacity of the mNUTRIC score for 28-day 
mortality was assessed by the area under the receiver operating 
characteristic curve (AUC-ROC).
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Furthermore, mNUTRIC score sensitivity, specificity, positive and 
negative predictive values, and positive and negative likelihood 
ratios were calculated for 28-day mortality.

A p-value < 0.05 was considered statistically significant.

SAMPLE CALCULATION

Considering the published results (19), a total of 110 patients 
were necessary to find a difference of 21.4 % in 28-day mortality 
with an α of 0.05 and a β of 0.20.

RESULTS

In total, 352 patients were admitted to the ICU during the study 
period and 110 patients met the inclusion criteria. Patients with a 
LOS in the ICU < 48 h (n = 83), without complete data (n = 121), 
without consent (n = 2), with a brain death diagnosis at admission 
(n = 15) and readmissions (n = 21) were excluded.

The diagnoses were cardiac surgery 28.2 % (n = 31), sepsis 
or septic shock 20.9 % (n = 23), neurological surgery 12.7 % (n 
= 14), neurological procedures 7.3 % (n = 8), neurologic disease 
5.5 % (n = 6), hypovolemic shock 3.6 % (n = 4), Guillain-Barré 
syndrome 2.7 % (n = 3), cardiogenic shock 2.7 % (n = 3), and 
others 16.4 % (n = 18). Patients were 50.7 ± 16.8 years of age, 
had a mean APACHE II score of 15.5 ± 5.8, and had a mean 
SOFA score of 6.9 ± 3; IMV was required in 65.5 % (n = 72), 

and 28-day mortality occurred in 23.6 % (n = 26) of the patients. 
High nutritional risk according to the mNUTRIC score was found 
in 35 patients (31.8 %).

Comparisons between low- and high-risk patients are shown 
in table I. There were significant differences in age (47.1 ± 15.8 
vs. 58.4 ± 16.7, p = 0.001), APACHE II score (12.8 ± 4.3 vs. 
21.3 ± 7.1, p < 0.001), SOFA score (5.7 ± 2.4 vs. 9.6 ± 2.4, 
p < 0.001), mNUTRIC score (3 [2-4] vs. 6 [5-7], p < 0.001), 
proportion of patients with IMV (57.3 % vs. 82.9 %, p = 0.009) 
and proportion of deaths (9.3 % vs. 54.3 %, p < 0.001). Patients 
with high nutritional risk had a higher risk of 28-day mortality (RR 
5.81, 95 % CI 2.69-12.53) in comparison with those with low 
nutritional risk (Fig. 1). No differences in LOS and days with IMV 
were found between the study groups.

The mNUTRIC score (0-9) AUC for the prediction of 28-day 
mortality was 0.795 (95 % CI 0.692-0.898), while for the APACHE 
II score it was 0.777 (95 % CI, 0.673-0.881) and for the SOFA 
score it was 0.706 (95 % CI, 0.598-0.813) (Fig. 2).

A mNUTRIC score ≥ 5 had a sensitivity of 73.1 % (95 % CI 
53.9-86.3 %), specificity of 81 % (95 % CI, 71.3 %-87.9 %), 
positive predictive value of 54.3 % (95 % CI 38.2 %-69.5 %) and 
negative predictive value of 90.7 % (95 % CI, 82 %-95.4 %) for 
28-day mortality. Higher mNUTRIC score had a better specificity 
while lower score had better sensitivity (Fig. 2B).

When we compared the characteristics between survivors and 
non-survivors at 28-day (Table I), we found significant differences 
in age (48.8 ± 16.5 vs. 56.6 ± 16.8, p = 0.039), APACHE II score 
(14.2 ± 5.4 vs. 19.6 ± 5.3, p < 0.001), SOFA score (6.4 ± 3 vs. 

Table I. Patient characteristics

Variables 
Total Low risk High risk p-value Survivors Non-survivors p value

n = 110 n = 75 n = 35   n = 84 n = 26  

Male, n (%) 54 (49.1 %) 35 (46.7 %) 19 (54.3 %) 0.457a 41 (48.8 %) 13 (50 %) 0.915a

Female, n (%) 56 (50.9 %) 40 (53.3 %) 16 (45.7 %) 43 (51.2 %) 13 (50 %)

Age, years 50.7 ± 16.8 47 .1 ± 15.8 58.4 ± 16.7 0.001b 48.8 ± 16.5 56.6 ± 16.8 0.039b

APACHE II score 15.5 ± 5.8 12.8 ± 4.3 21.3 ± 7.1 < 0.001b 14.2 ± 5.4 19.6 ± 5.3 < 0.001b

SOFA score 6.9 ± 3 5.7 ± 2.4 9.6 ± 2.4 < 0.001b 6.4 ± 3 8.5 ± 2.5 0.002b

mNUTRIC score 4 (2-5) 3 (2-4) 6 (5-7) < 0.001c 3 (2-4) 5 (4-6.3) < 0.001c

High risk, n (%) 35 (31.8 %) 16 (19 %) 19 (73.1 %) < 0.001a

Weight, kg 70 (60-80.6) 70 (60-82.3) 67 (60-70) 0.208c 70 (62-81.4) 66.5 (57.3-76.4) 0.197c

BMI, kg/m2 27 ± 5.2 27.6 ± 5.5 25.7 ± 4.2 0.068b 27.3 ± 5.2 25.9 ± 5 0.248b

LOS in ICU, days 8 (5-12) 8 (5-12) 8 (5-11) 0.862c 8 (5-11) 7.5 (3-14.3) 0.732c

LOS in hospital days 14 (9-22.3) 14 (9-23) 15 (8-22) 0.560c 15 (10-26) 11.5 (5.8-18.8) 0.029c

IMV, n (%) 72 (65.5 %) 43 (57.3 %) 29 (82.9 %) 0.009a 47 (55.9 %) 25 (96.2 %) < 0.001a

Days with VMI 7 (3-18) 7 (3-19) 9 (3-17) 0.704c 7 (3-25) 7 (3-15.5) 0.458c

28-day mortality, n (%) 26 (23.6 %) 7 (9.3 %) 19 (54.3 %) < 0.001a      

Mean ± SD or median and interquartile rank.
APACHE II: Acute Physiology and Chronic Health disease Classification System II; SOFA: Sequential Organ Failure Assessment; BMI: Body mass index; LOS: length of 
stay; IMV: invasive mechanical ventilation.
aChi-squared; bStudent’s t-test; cMann-Whitney U test.
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8.5 ± 2.5, p < 0.001), mNUTRIC score (3 [2-4] vs. 5 [4-6.3], p < 
0.001) and proportion of patients with IMV (55.9 % vs. 96.2 %, p 
< 0.001). In the group of survivors, there were positive correla-
tions between the mNUTRIC score (0-9) and the LOS in the ICU 
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Figure 1. 

Kaplan-Meier survival curve between patients with low and high nutritional risk 
according to the mNUTRIC. 

0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.2

0.4

0.6

0.8

1.0

AUC = 0.795
CI 95% 0.692-0.898

p <0.0001

A

1 - Specificity

Se
ns

iti
vi

ty

mNUTRIC 
score 

Se 
(%) 

Sp 
(%)  

PPV 
(%) 

NPV 
(%) 

LR 

3 – 9 92 33 30 93 1.38 

4 – 9 84 59 39 92 2.09 

5 – 9 73 81 54 90 3.84 

6 - 9 38 90 55 82 4.04 

 

B

0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.2

0.4

0.6

0.8

1.0
C

AUC = 0.777
CI 95% 0.673 - 0.881
p <0.001

1 - Specificity

Se
ns

iti
vi

ty

0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.2

0.4

0.6

0.8

1.0
D

AUC = 0.706
CI 95% 0.598-0.813
p <0.001

1 - Specificity

Se
ns

iti
vi

ty

Figure 2. 

Receiver operating characteristic curve for 28-day mortality. A. ROC curve of the mNUTRIC score for 28-day mortality. B. Sensitivity, specificity and predictive values for 
different mNUTRIC score to predict 28-day mortality. C. ROC curve of the APACHE II score for 28-day mortality. D. ROC curve of the SOFA score for 28 days.

(r = 0.216, p = 0.049), LOS in the hospital (r = 0.230, p = 0.036) 
and days with IMV (r = 0.306, p = 0.037).

Regarding the feeding, oral intake was possible in 39.1 % of 
the patients (n = 43), 5.5 % (n = 6) fasted during their entire ICU 
stay, and nutritional support was implemented in 55.4 % (n = 61) 
of the patients. Nutritional support was initiated in the first 48 h 
after ICU admission in 52 patients (85.2 %).

The characteristics of enteral nutrition (EN), parenteral nutrition 
(PN) and enteral + parenteral nutrition (EN + PN) are shown in 
table II. Patients received, on average, 52.9 % and 46.0 % of 
their energy and protein requirements, respectively. Underfeeding 
occurred in 73.8 % (n = 45) and overfeeding in 8.2 % (n = 5) 
of the patients. Only 11 patients (18 %) received between 80 
and 110 % of their nutritional requirements. Regarding protein 
intake, only 21.3 % (n = 13) of the patients met the nutritional 
requirements (Fig. 3).

No differences were found in the energy and protein admin-
istration between survivors and non-survivors (597 kcal/day 
[317-1011] vs. 693kcal/day [415-1585] p = 0.273 and 0.55 
[0.25-0.85] g/kg/day of protein vs. 0.61 [0.22-1.33] g/kg/day 
p = 0.462).
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Table II. Characteristics of nutritional support

Variables
EN PN EN + PN Total

n = 33 n = 13 n = 15 n = 61

Nutritional requirements

Protein, g/kg/d 1.57 ± 0.36 1.51 ± 0.3 1.54 ± 0.27 1.55 ± 0.31

Energy, kcal/d 1555.3 ± 162.5 1582.4 ± 192.5 1492.4 ± 202.5 1545.6 ± 179.2

Protein received

g/kg/d 0.38 ± 0.30 1.26 ± 0.7 0.97 ± 0.55 0.71 ± 0.6

Adequate protein n, (%) 1 (3 %) 7 (38.5 %) 5 (33.3 %) 13 (21.3 %)

Energy received

kcal/d 652.1 ± 410.8 1293.9 ± 884.4 803.9 ± 522.3 826.2 ± 611.8

kcal/kg/d 10.9 ± 6.7 21.8 ± 14.1 13.8 ± 8.8 13.9 ± 10

Adequate energy, n (%) 4 (12.1 %) 4 (30.8 %) 3 (20 %) 11 (18 %)

Underfeeding, n (%) 29 (87.9 %) 5 (38.5 %) 11 (73.3 %) 45 (73.8 %)

Overfeeding, n (%) 0 (0 %) 4 (30.8 %) 1 (6.7 %) 5 (8.2 %)

Nutritional adequacy

Protein (%) 23.9 % ± 18.4 % 82.4 % ± 44.6 % 63.2 % ± 36.29 46 % ± 38.9 %

Energy (%) 41.6 % ± 25.1 % 80.4 ± 53.4 54.1 % ± 35.7 52.9 % ± 37.9 %

Nutrition support in the first 48 h of ICU admission n (%) 27 (81.8 %) 11 (84.6 %) 14 (93.3 %) 52 (85.2 %)

EN: enteral nutrition; PN: parenteral nutrition.
Unless otherwise indicated, the values are given as the mean ± SD.
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Figure 3. 

Daily nutritional adequacy in patients with nutritional support. A. Nutritional adequacy in all patients with nutrition support. B. Nutritional adequacy in patients with enteral 
nutrition. C. Nutritional adequacy in patients with parenteral nutrition. D. Nutritional adequacy in patients with enteral and parenteral nutrition.
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DISCUSSION

In this Mexican ICU in a specialty hospital, we followed a cohort 
for 28 days and found that nutritional risk, assessed with the 
mNUTRIC score, was associated with 28-day mortality. In surviving 
patients, there were positive correlations between the mNUTRIC 
score and the LOS in the ICU, LOS in the hospital and days with 
IMV. Furthermore, we found a high prevalence of underfeeding 
among patients receiving nutritional support.

The prevalence of high nutritional risk found in our study 
(31.8 %) is lower than in other studies. An international multi-
center study reported a global prevalence of 57 % (10). That study 
found that in Latin America, the prevalence was 53 %. Later, other 
authors reported prevalence greater than 40 %. (15,19-25) One 
of the reasons for this difference could be the characteristics of 
our population, which is on average younger and with less severe 
disease than the populations in other studies. This is important 
because the mNUTRIC score includes age and severity of illness 
as part of its variables.

Although our patients had less severe disease, the 28-day 
mortality that we found (23.6 %) was similar to what has been 
reported in other ICUs (19,26). This result probably reflects the 
fact that mortality outside the ICU is multifactorial (27) and that 
patients can be discharged with sequelae (post-intensive care 
syndrome) (28). The recovery from the critically ill patients involves 
physical, cognitive and psychiatric elements, and some of them 
do not succeed.

In our study, the patients with high nutritional risk had an almost 
6 times higher 28-day mortality risk than those with low nutritional 
risk. The comparison between the results of this sample population 
and other published data are shown in table III (15,19,26). Some 
of these data had already been calculated by the authors of the 
original studies, and others were calculated by the authors of this 
study with the available information. The RR from these studies 
was lower than in our study, which is due to the high mortality we 
found in the high nutritional risk group (more than half of our high 
nutritional risk patients died). 

According to the NUTRIC score validations, the mortality of high 
nutritional risk patients decreases if they receive appropriate nutri-
tion support in the ICU (14,15). Beyond that, there are some nutri-
tional factors we could control before and after the ICU admission. 

For example, a large portion of our sample (40.9 %) was com-
posed of patients with major surgical interventions and almost all 
were elective procedures, which means that these patients have 
time to be prepared with nutritional protocols before the surgery; 
however, in our population, that is not common practice. More-
over, nutritional evaluations should be performed when patients 
are discharged from the ICU and from the hospital to ensure the 
meeting of nutritional requirements, which is not easy because 
the hypermetabolism continues for months and many times the 
patients face gastrointestinal problems. In the end, the recovery 
of their muscle mass, force and quality of life depends in part on 
adequate nutrition.

We did not find significant differences in the LOS in the ICU, the 
LOS in the hospital and days with IMV between high- and low-risk 
patients. Other works have reported differences, with high-risk 
patients having more days in the ICU and in the hospital and 
more days with IMV (15,19). This likely occurred due to our small 
sample size. However, we found positive correlations between the 
mNUTRIC score and the LOS in the ICU, LOS in the hospital and 
days with IMV only in the surviving patients.

The mNUTRIC score was useful for predicting 28-day mortality; 
it was even slightly better than the APACHE II and SOFA scores. 
Our result was similar to what has been reported by other studies 
(15,19,26). However, some works have found a very low predictive 
ability of the mNUTRIC score (14,29). 

The mNUTRIC score ≥ 5 was the best cut-off point for us to pre-
dict the 28-day mortality, and the specificity and positive predictive 
value were higher than the values in other studies (15,19,26) 
(Table III).

We found a high prevalence of underfeeding, which is com-
mon in ICU (10,11). The energy and protein adequacy that we 
found is similar to what has been reported by others (30-33). 
Despite the controversy around the amount of energy that these 
patients should receive and based on current available evidence, 
the international guidelines (34,35) advise avoiding underfeeding 
and overfeeding because both have been associated with worse 
outcomes.

Protein administration is more important than energy adminis-
tration because of the large loss of body protein and the need to 
restore tissues and maintain immune function. We found that only 
21.3 % of the patients with nutrition support reached the minimum 

Table III. Data comparison between other published studies and this sample.  
Relative risk and diagnostic ability of mNUTRIC score > 5 for 28-day mortality

Study RR
Sensitivity and 

specificity
PPV and NPV LR+ and LR-

Mukhopadhyay et al. 2016 (15) 2.82 (95 % CI 1.86-4.27) 72 % and 63 % 33.5 % and 88.1 % 1.82 and 0.49

Mendes et al. 2016 (19) 2.91 (95 % CI 2.25-3.76) 73.3 % and 58.3 % 32.6 % and 88.8 % 1.76 and 0.46

De Vries et al. 2018 (26) 4.96 (95 % CI 2.93-8.4) 88.4 % and 48.9 % 37.2 % and 92.5 % 1.73 and 0.24

Campos-León et al. 2019 5.81 (95 % CI 2.69-12.53) 73.1 % and 81 % 54.3 % and 90.7 % 3.84 and 0.33

RR: relative risk; PPV: positive predictive value; NPV: negative predictive value; LR+: positive likelihood ratio, LR-: negative likelihood ratio.
Some of these data had already been calculated by the authors of the original studies, and others were calculated by the authors of this study with the available 
information.
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protein requirements. On average, our patients received 0.71 g/
kg of protein, which is below the recommendations (34-36). We 
did not find differences in energy or protein intake between sur-
vivors and non-survivors, although there was a trend to a lower 
energy and protein administration in survivors, this data should be 
cautiously considered since the sample size in the non-survivors 
group is much lower than in the survivors groups, which could 
partially explain a higher variability in the measurements; besides 
that, the study was not powered-designed to clarify this difference. 
Together with this, it would be also possible that Nutritionist and 
Physicians in charge of these patients tended to prescribe higher 
nutritional support to them due to the higher disease severity, in 
an effort to improve patients´ health. However, standardized and 
comparative clinical protocols are needed to deeply evaluate the 
impact of a higher nutritional support on these patients. Also, it 
is important to take into account that despite the evidence that 
indicate benefits from approaching nutritional goals (30,37,38), 
there is still controversy around the nutrition support that critically 
ill patients should receive. We are aware that some studies found 
that higher nutritional adequacy is associated with worst outcomes 
(39). But this topic is more complex than just prescribing calories 
and protein. It is necessary to consider that there are unanswered 
questions about other nutrition variables that could impact patient´s 
prognosis, such as the optimal timing to initiate and the optimal 
rate of increase calories and protein (40). Nutritional support should 
be considered as a tailored suit for each patient.

 Although some studies have found that patients in the ICU 
tend to start enteral nutrition after the first 48 h of admission 
(31,37,41), in our case, more than 80 % of the patients had 
early enteral nutrition, as reported by Yeh et al. (42). This route 
of administration was the most common, as in other studies 
(10,30,33), and it is in line with the recommendation of prefer-
ring the enteral route when possible because it can benefit the 
gut barrier integrity, the microbiota and immunity.

We observed that patients with PN met their nutritional require-
ments more easily than patients with only EN or EN + PN, but at 
the same time, there were more overfed patients in this group. 
In addition, all the overfed patients died, but we cannot affirm 
that these patients died because of this. On the other hand, most 
underfed patients received EN, which denotes that the exclusive 
use of this feeding route sometimes may not help or may not be 
enough to achieve nutritional goals in critically ill patients, and 
alternative ways should be implemented depending on the par-
ticularity of each patient. The EN group had the worst protein and 
energy levels. Multidisciplinary efforts should be made to avoid 
underfeeding and overfeeding.

Among the strengths of this study is that it was a prospective 
and longitudinal design with a sample size calculation and that 
we included medical and surgical patients. To our knowledge, this 
is one of the few studies to report the results of screening with 
the mNUTRIC score and the characteristics of nutrition support 
in the Mexican ICU population. During the recording of nutritional 
support characteristics, we considered the calories coming from 
propofol, which usually represent a large part of the total calories 
administered.

The limitations include the fact that we only associated nutri-
tional risk with 28-day mortality, LOS in the ICU, LOS in the hos-
pital and days with IMV. It would have been interesting to evaluate 
the associations with quality of life and functionality variables after 
the ICU stay because the goal is not only that the patients are 
discharged alive. 

This was a single-center study and our sample size was too 
small to find associations with the secondary variables. 

Regarding the screening tool we used, it is important to 
consider that there are published studies that do not validate 
NUTRIC score as a nutrition screening tool. In the post-hoc anal-
ysis of PermiT trial (22) no difference in mortality was found 
among patients at high and low risk who received permissive 
underfeeding and standard feeding. This means that NUTRIC 
score could be more useful as a disease severity score than as 
a nutritional risk screening tool. Indirect calorimetry, which is 
the gold standard for energy prescription, was not used, so we 
were not able to evaluate the changes in the energy require-
ments. Moreover, we did not record the calories from intrave-
nous glucose solutions; although they do not usually contribute 
significantly to the total calories, our estimation of caloric admin-
istration is not 100 % accurate.

Further research is necessary to identify the factors involved 
in the failure to achieve the nutritional goals, as well as to better 
understand the effects of nutritional support on the outcomes. In 
our study, we cannot say that high-risk patients would benefit from 
adequate nutritional support, as in the validations of the NUTRIC 
score. It is very difficult to extrapolate the results from the available 
studies to all ICU patients. In addition, the participation of Latin 
America in studies related to nutritional support in critical illness 
is very low; therefore, we only have the option to adopt the results 
from other countries. It is time to focus on this area of nutrition 
in our environment.

CONCLUSION

High-risk patients assessed with the mNUTRIC score had a 
higher risk of 28-day mortality. Among survivors, the higher the 
mNUTRIC score was, the longer the ICU and hospital stays and the 
IMV duration. Further studies are needed in our population to verify 
that a better nutritional adequacy in high nutritional risk patients 
is able to impact prognosis, as in other scenarios. The majority 
of patients receiving nutritional support had it initiated early, but 
less than a quarter of the patients reached the energy and protein 
requirements. Strategies must be applied to follow the guidelines 
regarding nutritional support.

AUTHORS’ CONTRIBUTIONS

All authors participated in the study design. SACL, ARUG, MJRC 
and JRM acquired the study data. All authors contributed to the 
statistical analysis and interpretation of data, drafted the manu-
script, revised its content and approved the final version.



421IMPACT OF NUTRITIONAL RISK ON 28-DAY MORTALITY AND THE PREVALENCE OF UNDERFEEDING IN CRITICALLY  
ILL PATIENTS: A PROSPECTIVE COHORT STUDY

[Nutr Hosp 2020;37(3):414-421]

ACKNOWLEDGMENTS

The authors thank the nursing staff: María Cortés, Mariana 
Diaz, Blanca González, Isela Gutiérrez, Adriana Rodríguez, Mónica 
Hernández, Yasmin Hernández, Montserrat Madrigal, Carla Mén-
dez, Leticia Palomares, Miriam Pérez, Yazmin López, Esmeralda 
Rodríguez, and Adriana Sánchez; all the ICU Physicians and Con-
sejo Nacional de Ciencia y Tecnología (CONACYT) for the scholar-
ship that SACL received during her master’s degree.

REFERENCES

1. Barker LA, Gout BS, Crowe TC. Hospital malnutrition. Prevalence, identifi-
cation and impact on patients and the healthcare system. Int J Environ Res 
Public Health 2011;8:514-27. 

2. Correia MI, Perman MI, Waitzberg DL. Hospital malnutrition in Latin America. 
A systematic review. Clin Nutr 2017;36:958-67. 

3. Castillo-Pineda JC, Gómez A, Velasco N, et al. Nutritional Assessment of 
Hospitalized Patients in Latin America. Association with Prognostic Variables. 
The ENHOLA study. Nutr Hosp 2016;33:655-62. 

4. Vallejo KP, Martínez CM, Matos Adames AA, et al. Current clinical nutrition 
practices in critically ill patients in Latin America: a multinational observational 
study. Crit Care 2017;21:227.

5. Correia MI, Waitzberg DL. The impact of malnutrition on morbidity, mortality, 
length of hospital stay and costs evaluated through a multivariate model 
analysis. Clin Nutr 2003;22:235-9. 

6. León-Sanz M, Brosa M, Planas M, et al. PREDyCES study: The cost of hospital 
malnutrition in Spain. Nutrition 2015;31:1096-102. 

7. Curtis LJ, Bernier P, Jeejeebhoy K, et al. Costs of hospital malnutrition. Clin 
Nutr 2017;36:1391-6.

8. Krepska A, Hastings J, Roodenburg O. The metabolic and endocrine response 
to trauma. Anaesth Intensive Care Med 2017;18:414-7.

9. Zoico E, Roubenoff R. The role of cytokines in regulating protein metabolism 
and muscle function. Nutr Rev 2002;60:39-51.

10. Heyland DK, Dhaliwal R, Wang M, et al. The prevalence of iatrogenic under-
feeding in the nutritionally “at-risk” critically ill patient: Results of an interna-
tional, multicenter, prospective study. Clin Nutr 2015;34:659-66.

11. Siqueira-Paese MC, Borges Dock-Nascimiento D, Aguilar-Nascimiento 
JE. Critical energy deficit and mortality in critically ill patients. Nutr Hosp 
2016;33:522-7. 

12. Van Bokhorst-de van der Schueren MAE, Guaitoli PR, Jansma EP, et al. Nutri-
tion screening tools: Does one size fit all? A systematic review of screening 
tools for the hospital setting. Clin Nutr 2014; 33:39-58. 

13. Heyland DK, Dhaliwal R, Jiang X, et al. Identifying critically ill patients who 
benefit the most from nutrition therapy: the development and initial validation 
of a novel risk assessment tool. Crit Care 2011;15(6):R268.

14. Rahman A, Hasan RM, Agarwala R, et al. Identifying critically-ill patients who 
will benefit most from nutritional therapy: Further validation of the “modified 
NUTRIC” nutritional risk assessment tool. Clin Nutr 2016;35:158-62.

15. Mukhopadhyay A, Henry J, Ong V, et al. Association of modified NUTRIC score 
with 28-day mortality in critically ill patients. Clin Nutr 2017;36:1143-8.

16. Compher C, Chittams J, Sammarco T, et al. Greater Protein and Energy 
Intake May Be Associated with Improved Mortality in Higher Risk Critically 
Ill Patients: A Multicenter, Multinational Observational Study. Crit Care Med 
2017;45:156-63. 

17. Jabbar A, Chang W, Dryden GW, et al. Gut Immunology and the Differential 
Response to Feeding and Starvation. Nutr Clin Pract 2003;18:461-82.

18. McClave SA, Martindale RG, Rice TW, et al. Feeding the critically ill patient. 
Crit Care Med 2014;42:2600-10. 

19. Mendes R, Policarpo S, Fortuna P, et al. Nutritional risk assessment and 
cultural validation of the modified NUTRIC score in critically ill patients-A 
multicenter prospective cohort study. J Crit Care 2016; 37:45-9.

20. Jeong DH, Hong SB, Lim CM, et al. Comparison of accuracy of NUTRIC and 
modified NUTRIC scores in predicting 28-day mortality in patients with sepsis: 
A single center retrospective study. Nutrients 2018;10:pii:E911. 

21. Lee ZY, Noor Airini I, Barakatun-Nisak MY. Relationship of energy and pro-
tein adequacy with 60-day mortality in mechanically ventilated critically ill 
patients: A prospective observational study. Clin Nutr 2018; 37:1264-70.

22. Arabi YM, Aldawood AS, Al-Dorzi HM, et al. Permissive underfeeding 
or standard enteral feeding in high-and low-nutritional-risk critically ill 
adults. Post Hoc Analysis of the PermiT Trial Am J Respir Crit Care Med 
2017;195:652-62. 

23. Lew CCH, Cheung KP, Chong MFF, et al. Combining 2 Commonly Adopted 
Nutrition Instruments in the Critical Care Setting Is Superior to Administering 
Either One Alone. J Parenter Enter Nutr 2017;42:872-6. 

24. Canales C, Elsayes A, Yeh DD, et al. Nutrition Risk in Critically Ill Versus the 
Nutritional Risk Screening 2002: Are They Comparable for Assessing Risk 
of Malnutrition in Critically Ill Patients? J Parenter Enter Nutr 2019;43:81-7. 

25. Mukhopadhyay A, Tai BC, Remani D, et al. Nutritional risk assessment at 
admission can predict subsequent muscle loss in critically ill patients. Eur J 
Clin Nutr 2018;72:1187-90.

26. De Vries MC, Koekkoek W, Opdam MH, et al. Nutritional assessment of crit-
ically ill patients: Validation of the modified NUTRIC score. Eur J Clin Nutr 
2018;72:428-35.

27. Hortigüela-Martín VA, Sánchez-Casado M, Rodríguez-Villar S, et al. Mortalidad 
tras el alta de la Unidad de Cuidados Intensivos y factores pronósticos rela-
cionados en una cohorte de pacientes críticos con disfunción multiorgánica. 
Med Clin 2013;140:479-86.

28. Rawal G, Yadav S, Kumar R. Post-intensive care syndrome: An overview. J 
Transl Intern Med 2017;5:90-2.

29. Kalaiselvan M, Renuka M, Arunkumar A. Use of Nutrition Risk in Critical-
ly ill (NUTRIC) Score to Assess Nutritional Risk in Mechanically Ventilat-
ed Patients: A Prospective Observational Study. Indian J Crit Care Med 
2017;21:253-6. 

30. Alberda C, Gramlich L, Jones N, et al. The relationship between nutri-
tional intake and clinical outcomes in critically ill patients: Results of 
an international multicenter observational study. Intensive Care Med 
2009;35:1728-37. 

31. Cahill NE, Dhaliwal R, Day AG, et al. Nutrition therapy in the critical care 
setting: What is “best achievable” practice? An international multicenter 
observational study. Crit Care Med 2010;38:395-401. 

32. Heyland DK, Stephens KE, Day AG, et al. The success of enteral nutrition 
and ICU-acquired infections: A multicenter observational study. Clin Nutr 
2011;30:148-55. 

33. Wei X, Day AG, Ouellette-Kuntz H, et al. The association between nutritional 
adequacy and long-term outcomes in critically ill patients requiring pro-
longed mechanical ventilation: A multicenter cohort study. Crit Care Med 
2015;43:1569-79. 

34. Singer P, Reintam Blaser A, Berger MM, et al. ESPEN guideline on clinical 
nutrition in the intensive care unit. Clin Nutr 2019;38:48-79.

35. McClave SA, Taylor BE, Martindale RG, et al. Guidelines for the Provision 
and Assessment of Nutrition Support Therapy in the Adult Critically Ill 
Patient: Society of Critical Care Medicine (SCCM) and American Soci-
ety for Parenteral and Enteral Nutrition (ASPEN). J Parenter Enter Nutr 
2016;40:159-211.

36. Hernández-Tejedor A, Peñuelas O, Sirgo Rodríguez G, et al. Recomendaciones 
para el tratamiento de los pacientes críticos de los Grupos de Trabajo de 
la Sociedad Española de Medicina Intensiva, Crítica y Unidades Coronarias 
(SEMICYUC). Med Intensiva 2017;41:285-305. 

37. Villet S, Chiolero RL, Bollmann MD, et al. Negative impact of hypocaloric 
feeding and energy balance on clinical outcome in ICU patients. Clin Nutr 
2005;24:502-9. 

38. Zusman O, Theilla M, Cohen J, et al. Resting energy expenditure, calorie and 
protein consumption in critically ill patients: A retrospective cohort study. Crit 
Care 2016;20:367.

39. Arabi YM, Haddad SH, Tamim HM, et al. Near-target caloric intake in critically 
ill medical-surgical patients is associated with adverse outcomes. JPEN J 
Parenter Enteral Nutr 2010;3:280-8.

40. Arabi YM, Casaer MP, Chapman M, et al. The intensive care medicine research 
agenda in nutrition and metabolism. Intensive Care Med 201;43:1239-56.

41. Stewart ML, Biddle M, Thomas T. Evaluation of current feeding practices 
in the critically ill: A retrospective chart review. Intensive Crit Care Nurs 
2017;38:24-30.

42. Calorie Delivery and Protein Deficit in Surgical Intensive Care Patients. Am J 
Crit Care 2016;25:318-26.


