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Ab s t r ac t​
Aim and objective: The aim and objective of this study is to test the effect of an optimized caloric supply in the first week of intensive care unit 
(ICU) stay in mechanically ventilated patients on the ability to perform their activities of daily living (ADL) in the long-term.
Materials and methods: A prospective observational study comparing patients who achieved an adequate caloric target (≥80%) vs 
those whose target was inadequate (<80%). The primary outcome under study is the instrumental ADL (IADL) scale after 6 months of  
discharge.
Results: Ninety-two patients were evaluated in the ICU and 50 were alive at 6 months. Follow-up was lost for 3 patients and 47 patients were 
evaluated at ICU and after 6 months. Thirty-four patients reached the energetic target and 13 did not reach it. There was no significant variation 
in IADL.
Conclusion: The energy adequacy in the first week of hospitalization was achieved by most survivors; however, this conduct does not seem to 
have influenced the ability to perform ADL after 6 months of discharge.
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In t r o d u c t i o n​
The decline of survivors of a critical condition is a major challenge 
and is not yet fully understood.1,2 Some studies point out deleterious 
consequences such as persistent functional decline, hospital 
readmissions, pain, and unproductivity.

3–6 There are few studies 
that investigate which interventions applied in the intensive care 
unit (ICU) have the potential to help the survivors’ recovery after 
hospital discharge. The most studied interventions are focused on 
physical rehabilitation and with unclear results.7

With regard to nutritional therapy (NT), the existing literature is 
controversial in determining the influence of energy adequacy on 
long-term clinical outcomes, such as functional recovery and quality 
of life. Wei et al. identified better functional capacity and physical 
performance at 3 months of observation in the group that received 
a 25% higher caloric intake.8 Yeh et al. associated the accumulation 
of an energy deficit of >6,000 kcal or >300 g of protein, with a lower 
rate of hospital discharge.9 However, other studies fail to show 
the benefit of full and early nutrition. A clinical study shows that 
malnutrition is associated with lower long-term mortality10 and 
another showed no difference in mortality or quality of life.11 The 
lack of generalization, the inclusion of patients with “low nutritional 
risk”, and the methodological issues of these studies, however, are 
factors that make the interpretation and applicability of these data 
difficult.12,13 Our group recently published a pilot study, in which we 
were unable to demonstrate that critically ill patients who receive a 
caloric intake of 70% or more, in the first 72 hours of hospitalization 
have better outcomes in the short-term or after 1 year (functional 
capacity and mortality).14 This study has some limitations such as 
the lack of comparison of the patient’s functional capacity, before 
and after ICU admission, and lack of assessment of the patient’s 
nutritional status or other nutritional risk scores on admission to the 

ICU. Finally, the biggest limitation of the study was the very small 
number of patients evaluated in the long-term, mainly due to the 
high mortality observed.

Some randomized studies also fail to demonstrate clinical 
impact when restrictive nutritional strategies are compared to a 
standard one.11,15 However, some authors attribute these findings 
to methodological flaws, since in none of these studies did the 
nutritional needs of patients be assessed individually as in the pilot 
TICACOS study.16 Nevertheless, a randomized study conducted 
by Allingstrup and collaborators, demonstrated that an early and 
individualized nutritional strategy, guided by indirect calorimetry 
and nitrogen balance, did not result in improvement of the physical 
component of quality of life after 6 months of discharge.15
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Therefore, the impact of early energy adequacy on long-term 
clinical outcomes remains uncertain. The primary objective of this 
study was to test the effect of an energy input ≥80% of the target 
in the first week of ICU stay on the survivors’ ability to perform 
activities of daily living (ADL) after 6 months of discharge from the 
ICU. We hypothesize that mechanically ventilated patients have a 
better ability to perform daily activities after 6 months of hospital 
discharge with adequate energetic delivery in the first week of 
the ICU.

Mat e r ia  l s a n d Me t h o d s​
A prospective observational study conducted in an ICU with 43 
beds in a university hospital. The study was approved by the local 
research ethics committee (n 903.405). The Informed Consent Form 
(ICF) was obtained through the legal guardian for the patient, prior 
to inclusion, which occurred from March 2015 to December 2016.

Adult patients, on mechanical ventilation (MV), with an ICU stay 
of >3 days and receiving exclusive enteral nutritional support were 
included. Patients with therapeutic limitation due to irreversibility of 
the condition, enteral nutrition time of <7 days, pregnant women, 
patients with spinal cord trauma, organ donors, and cases of family 
members’ refusal to sign the ICF were excluded.

The demographic and clinical data of the patients included 
were collected from medical records and stored securely with 
the aid of a database management platform, Research Electronic 
Data Capture (REDCap™). There was a daily observation of dietary 
prescriptions (energy and protein), the total volume administered, 
caloric balance, and adverse events associated with enteral 
nutritional therapy (ENT); as well as other variables associated with 
daily monitoring of the patient (vasoactive drugs, neuromuscular 
block, sedation scale, and weaning attempts). The included patients 
were grouped according to energy adequacy in the first week of 
hospitalization, with the average nutritional goal in the first week 
≥80% considered adequate and <80%, inadequate.

Nutritional risk was calculated using the modified NUTRIC 
score.17 The ENT target was previously defined by an institutional 
protocol using the formulas proposed by ESPEN/ASPEN for energy 
(25 kcal/kg/day) and protein (1.2–1.5 g/kg); with the exception of 
individuals with nutritional diagnosis of obesity (grade I, II, or III), 
whose intervention followed the specific recommendations for this 
subgroup.18,19 The patients’ weight was measured on a bed-balance, 
and upon the finding of edema on physical examination, it was 
corrected according to the intensity of the edema.

During their stay in the ICU, all patients were submitted 
to a minimum of three sessions of motor and respiratory 

physiotherapy in the absence of a medical contraindication. The 
level of mobilization was discussed by the physician in charge and 
the physiotherapist and includes from mobilization only in bed 
to ambulation when the clinical condition allowed it. In wards, 
physiotherapy sessions were applied twice a day.

Study Outcomes
The primary outcome under study was the ability to perform ADL 
through the Instrumental Activities of Daily Living (IADL) proposed 
by Lawton and Brody20 and adapted to the Brazilian population.21 
Instrumental Activities of Daily Living was applied with the family 
member at the time of signing the consent form and after 6 
months of discharge from the ICU. It consists of simple questions 
regarding personal care and common activities. According to the 
score obtained, individuals are classified into total dependence 
(=7), partial dependence (>7<21), and independence (=21).20 
Data on duration of MV, time out of MV, length of stay, and ICU 
mortality were collected. Patients were followed up for 28 days 
or until hospital discharge (whichever was earlier). Survivors were 
contacted 6 months after discharge from the ICU. Demographic 
data, the reason for admission, acute physiology and chronic health 
evaluation (APACHE II), and sequential organ failure assessment 
(SOFA) scores were recorded to assess disease severity.22,23

Statistical Analysis
The results were expressed as mean and standard deviation for 
continuous variables, with symmetric distribution; and in median 
and interquartile range for asymmetric variables. Categorical 
variables were described in relative and absolute frequencies. 
To compare means, the Student’s t-test, or one-way analysis of 
variance (ANOVA) test were applied. In the case of asymmetry, the 
Mann–Whitney and Kruskal–Wallis tests were used, respectively. 
While comparing proportions, Pearson’s chi-square or Fisher’s exact 
tests were applied. McNemar’s Chi-square test verified the variation 
between the initial and final IADL assessments for survivors. The 
level of significance adopted was 5% (p ≤ 0.05).

Re s u lts​
In the present study, 129 patients were included, of which 92 
were analyzed (Flowchart 1). Among the 59 (64%) ICU survivors, 
47 (51%) completed follow-up at 6 months. Most patients, 79 
(86%) started ENT early (Table 1). Table 2 shows that among 
the 47 survivors evaluated, energy adequacy in the first week 
of hospitalization was achieved for 34 (72%) patients. As for 
protein intake, 27 (42%) patients were below the recommended 

Flowchart 1: Inclusion flow diagram
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minimum dose. The comparison of patients with caloric 
adequacy vs those with caloric inadequacy shows that the times 
of MV and ICU, and protein intake were higher for those who had 
the minimum target reached.

There was no significant variation between the initial IADL and 
after 6 months for the 47 patients evaluated (p = 0.940) (Fig. 1). 
Eight patients improved and six worsened their IADL. Twenty-
nine patients were independent, 15 were partially dependent and 
only 3 were dependent. For analysis purposes, we grouped the 
patients as dependent and independent (Table 3). The comparison 
between dependent and independent patients at 6 months shows 
no difference for nutritional variables, nutritional risk or severity of 
disease, and sepsis.

Di s c u s s i o n​
The present study showed that an optimized energy supply (≥80% 
of the estimated target) did not result in any benefit regarding the 
survivors’ ability to perform ADL. This strategy was associated with 
a longer time spent on MV and a longer ICU stay. The study by Arabi 
et al. obtained similar outcomes through a caloric intake> 64% of 
the estimated target.24

In relation to our finding that IADL was not related to caloric 
intake or even to any nutritional characteristic in the first week of 
the ICU, the literature presents conflicting findings.15,25 Reid et al. 
demonstrated that, although the use of a hypercaloric formula 
(1.5 kcal/mL) in the initial phase of critical illness can optimize 

Table 1: Demographic, clinical, and nutritional variables in the first week of hospitalization of survivors in 6 months and non-survivors

Variables All (n = 92)
Suvivors 6 months 
(n = 47)

Non-survivors 
(n = 39) p value

Age (years) 56 ± 17 62 ± 13 0.079
Sex—n (%)
  Male 19 23 0.13
  Female 28 16
BMI (kg/m2)—median (P25–P75) 26 [23–31] 24 [21–28] 0.063
NUTRIC—n (%)
  Low 13 7 0.318
  High 34 32
Sepsis—n (%)
  Yes 32 30 0.470
  No 15 9
Diagnostic classification—n (%)
  Clinical 38 30 0.905
  Elective surgery 5 5
  Emergency surgery 4 4
APACHE II 23 ± 10 25 ± 7 0.502
SOFA 9 ± 3 10 ± 3 0.709
Duration MV (days) 10 [8–19] 15 [12–27] 0.012
Time out of MV (days) 4 [2–5] 0 [0–3] <​0.001
ICU length of stay (days) 17 [13–24] 16 [13–28] 0.501
ICU outcome—n (%)
  Death 0 18 <​0.001
  Discharge 44 10
  28 days 3 11
Early EN—n (%)
  No 4 3 0.999
  Yes 43 36
Time to full EN (days) 2.5 [2–4] 4 [2–4] 0.082
Total kcal/kg delivered in 7 days 19 ± 5 18 ± 4 0.144
% adequation kcal 7 days—mean ± SD 87 [79–90] 86 [77–89] 0.668
Proteins (g/kg)—mean ± SD 1.2 ± 0.3 1.2 ± 0.3 0.408
Classification of the percentage of protein adequacy—n (%)
  Adequate 27 18 0.386
  Inadequate 20 21

APACHE II, acute physiology and chronic health evaluation II; BMI, body mass index; EN, enteral nutrition; ICU, intensive care unit; MV, mechanical venti-
lation; NUTRIC score, nutritional risk assessment tool; SOFA, sequential organ failure assessment
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Fig. 1: Instrumental activity of daily living scale (IADL): initial and after 6 months discharge from the ICU (McNamar test)

Table 2: Demographic, clinical, and nutritional variables in the first week of hospitalization of survivors assessed after 6 months

Variables All (n = 47)
Adequate caloric target 
(n = 34)

Inadequate caloric target 
(n = 13) p value

Age (years) 56 ± 17 55 ± 17 57 ± 17 0.71
Sex—n (%)
  Male 28 (60) 21 (45) 7 (15)
  Female 19 (40) 13 (28) 6 (13) 0.87
BMI (kg/m2)—median (P25–P75) 26 [23–31] 25 [24–30] 28 [22–32] 0.73
NUTRIC—n (%)
  Low 13 (28) 8 (17) 5 (11) 0.47
  High 34 (72) 26 (55) 8 (17)
Sepsis—n (%)
  Yes 32 25 (53) 7 (15) 0.29
  No 15 9 (19) 6 (13)
Diagnostic classification—n (%)
  Clinical 38 (81) 29 (62) 9 (19) 0.23
  Elective surgery 5 (11) 2 (4) 3 (6)
  Emergency surgery 4 3 (6) 1
APACHE II 23 ± 10 25 ± 9 20 ± 10 0.16
SOFA 10 ± 3 10 ± 4 9 ± 3 0.34
Duration MV (days) 10 [8–19] 16 [10–21] 7 [6–8] 0.001
Time out of MV (days) 4 [2–5] 3 [2–5] 4 [3–5] 0.47
ICU length of stay (days) 17 [13–24] 21 [15–24] 11 [10–13] 0.001
Early EN—n (%)
  No 4 (8) 3 (6) 1 (2) 0.99
  Yes 43 (92) 31 (66) 12 (25)
Time to full EN (days) 3 [2–4] 2 [1–3] 0.51
Daily calories (kcal/kg/day) 19 ± 5 20 ± 4 16 ± 4 0.002
Percent daily calorie target (kcal) 84 [74–88] 86 [84–90] 71 [62–74] 0.001
Proteins (g/kg) 1.2 ± 0.3 1.2 ± 0.3 1.0 ± 0.3 0.02
Protein adequacy intake—n (%)
  Adequate 14 (30) 13 (28) 3 (6) 0.49
  Inadequate 31 (66) 21 (45) 10 (21)

APACHE II, acute physiology and chronic health evaluation II; BMI, body mass index; EN, enteral nutrition; ICU, intensive care unit; MV, mechanical ventila-
tion; NUTRIC score, nutritional risk assessment tool; SOFA, sequential organ failure assessment
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energy supply, this practice did not influence clinical outcomes 1 
year after discharge.25 In a clinical trial, conducted by Allingstrup 
and colleagues, the effect of an individualized nutritional strategy, 
guided by indirect calorimetry, was compared to standard nutrition 
(25 kcal/kg/day).15 Although the intervention group received a 
higher caloric and protein intake, this practice did not result in 
an improvement in the physical component of quality of life after 
6 months of discharge. On the other hand, Wei et al. achieved a 
better physical and functional recovery at 3 months of follow-up in 
patients who received a 25% greater caloric intake, but this effect 
was not observed at 6 months.8

Current guidelines recommend commencing enteral feeding 
early with caloric energy targets reached within 3 days in the 
course of ICU stay. This has been associated with a decrease in 
infections.26 In our study, 90% of the patients received early feeding. 
Recommendations for protein intake are 1.3 g/kg/day, combined 
with an exercise program.27 Our patients received a mean of 1.2 
g/kg/day with motor and respiratory rehabilitation 3 times a day 
in the ICU, including cicloergometer. Interestingly, patients who 
reached the nutritional target also received a greater protein 
intake and even so, an improvement in their ability to perform 
ADL was not observed. Sarcopenic patients have an increased 
risk of mortality, but the effect of high protein intake in critically 
ill patients is controversial.15 Exercise alone seems to enhance 
short-term recovery and quality of life.28 Early physical exercise 
for patients with septic shock was recently shown to preserve 
muscle fiber cross-sectional area, suggesting that autophagia was 
suppressed by exercise.

The definition of the adequacy of the caloric target is a 
controversial topic. ASPEN/ESPEN guidelines define a low-calorie 
diet when 70% or less of the caloric target is reached when 

using formulas. Our nutrition service uses 80% of the target as 
an institutional adequacy criterion. One could argue that the 
hypocaloric group may have received enough calories (>70%) and 
this could explain the lack of differences. Of the 13 patients who 
received a low-calorie diet (<80%), in 8 patients the proportion of 
the target did not exceed the 70% defined in the guidelines.

Providing early optimized nutrition does not seem to prevent 
patients from becoming chronic critically ill, as our two studies 
show. Among the possible explanations of these results can be 
considered the early endogenous production of glucose that 
covers two-thirds of the energy expenditure during the first days29 
in response to acute illness. Also, complete enteral feeding is not 
always tolerated, as shown by the NUTRIREA-2 study.30

Entering acute illness with deficits such as weight loss, 
being older or malnourished, seems to constitute a metabolic 
disadvantage that threatens the patient’s responsiveness and 
survival and in these patients, inadequate nutrition can be a risk 
of mortality and who knows a prognosis more reserved in the 
survivors.31,32 The best way to assess nutritional risk in critically ill 
patients is not yet defined, but there are several tools described as 
the use of BMI, NUTRIC, NRS.33 Furthermore, even for malnourished 
patients, the best nutritional strategy still needs to be defined.34 The 
population of our study consists of a group of severely ill patients, 
with high APACHE II and high SOFA, which for this reason could 
present a greater benefit of nutritional optimization.

Our study reinforces that there is a need to better study 
nutritional strategies in critically ill patients and their impact on 
hospital and long-term outcomes. Thus, it is important to note 
that these results do not negate the hypothesis that patients at 
higher nutritional risk benefit from individualized NT.35 Exposing 
high-risk patients to malnutrition can further deteriorate their 

Table 3: Relationship between dependence for daily activities and nutritional, severity, and clinical variables in the ICU

Dependents (N = 18) Independents (N = 29) p value
Caloric target 0.739
  Adequate 14 20
  Inadequate 4 9
Daily caloric intake (kcal/kg/day) 20 ± 4 19 ±5 0.434
Protein target 0.999
  Adequate 12 19
  Inadequate 6 10
Proteins (g/kg) 1.2 ± 0.3 1.1 ± 0.3 0.751
NUTRIC 0.739
  Low risk 4 9
  High risk 14 20
NUTRIC 6 ± 2 5 ± 2 0.689
BMI 28 [22–31] 25 [24–31] 0.801
APACHE II 25 ± 10 22 ± 9 0.260
SOFA 10 ± 3 9 ± 3 0.176
Duration of MV (days) 14 [0–20] 10 [8–18] 0.284
Time out of MV (days) 4 [3–6] 3 [2–5] 0.264
ICU length of stay (days) 19 ± 5 17 ± 6 0.140
Sepsis 0.753
  Yes 13 19
  No 5 10

APACHE II, acute physiology and chronic health evaluation II; BMI, body mass index; ICU, intensive care unit; MV, mechanical ventilation; 
NUTRIC score, nutritional risk assessment tool; SOFA, sequential organ failure assessment
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responsiveness and possibly favor the development of chronic 
critical illness.36

The present study has some limitations, such as the observational 
design, the reduced number of participants in each group, and the 
caloric goal estimated using a formula. In addition, there was no 
follow-up of records regarding the reintroduction of the oral route 
or nutritional interventions performed after discharge from the ICU 
until the assessment of IADL after 6 months. Finally, it is possible 
to state that the complexity of the critical patient is such that it is 
unlikely that the simple nutritional adjustment applied in the first 
week will influence the prognosis, particularly when most patients 
are septic.1

Co n c lu s i o n​
The results of this pilot study do not demonstrate that mechanically 
ventilated patients who receive an enteral caloric intake ≥80% in the 
first week of hospitalization have better long-term outcomes. The 
influence of energy adequacy in the initial phase of hospitalization 
of critically ill patients on long-term clinical outcomes remains 
uncertain.

Hi g h l i g h ts​
Adequate early caloric intake has no benefit for mechanically 
ventilated survivors in long-term. We evaluated mechanically 
ventilated patients who survived and who received at least 80% 
of their calorie targets in the first week of ICU. These patients were 
compared with those who did not receive the proposed caloric 
target in relation to their ability to perform their daily activities 
after 6 months of discharge from the ICU. We found no difference 
between the two groups. The role of full and early nutrition for 
acutely critically ill patients remains uncertain.
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