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underfeeding was divided into trophic feeding (16-25% of target) 
and moderate underfeeding (46-72% of target) according to the 
level of energy intake achieved (test for subgroup differences: 
I2 70.7%, p = 0.06). Mortality was lower with underfeeding in 
the three studies  where the underfed group received moderate 
feeding (at a level that overlapped with the full-feeding level in 
some studies) (RR, 0.82; 95% CI, 0.68-0.98; I2 0%, p = 0.59 for 
heterogeneity). 

Among the five selected studies, two were excluded from the 
ICU mortality analysis due to the absence of data (23,24). There 
was no difference in ICU mortality between the two strategies 
(RR, 0.86; 95% CI, 0.67-1.09; I2 0%, p = 0.66 for heterogeneity). 

Forest plots of the effects of underfeeding versus full-feed-
ing on ICU and hospital LOS and duration of MV are shown in 
figure 4. Three studies (21,22,25) reported the effects of nutri-
tional strategies on ICU and hospital LOS. Regarding ICU LOS, 

two studies (21,25) reported the same period of hospitalization 
for both groups while the other (22) showed longer LOS in the 
full-feeding group. In the meta-analysis, no significant differences 
were found (MD, -0.61; 95% CI, -2.25-1.03; I2 26%, p = 0.26 for 
heterogeneity). As far as hospital LOS is concerned, no differences 
were found (MD, -1.94; 95% CI, -6.13-2.25; I2 0%, p = 0.91 for 
heterogeneity).

The duration of MV was evaluated by four studies (22,25) and 
did not significantly differ between groups (MD, -0.67; 95% CI, 
-1.52-0.19; I2 13%, p = 0.33 for heterogeneity).

Infectious complications were reported in four studies (22-25) 
and did not significantly differ between groups (RR, 1.00; 95% CI, 
0.88-1.12; I2 0%, p = 0.54 for heterogeneity) (Fig. 5). 

Effects of underfeeding versus full-feeding on gastrointesti-
nal signs and symptoms are shown in figure 6. Among the five 
selected studies, three (21,23,24) reported data for vomiting, 

Figure 3. 

Forest plots (meta-analyses, random-effects models) of overall and intensive care unit (ICU) mortality between underfeeding and full-feeding in critically ill patients  
(CI: confidence interval).
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regurgitation and high GRV. Vomiting was 21% lower (RR, 0.79; 
95% CI, 0.63-1.00; I2 0%, p = 0.87 for heterogeneity) and regur-
gitation 44% lower in the underfeeding group (RR, 0.56; 95% CI, 

0.39-0.80; I2 0%, p = 0.73 for heterogeneity) as well as elevated 
GRV occurrence (RR, 0.39; 95%, CI, 0.25-0.61; I2 0%, p = 0.72 
for heterogeneity). The use of prokinetic agents was reported by  

Figure 4. 

Forest plots (meta-analyses, random-effects models) of intensive care unit (ICU) and hospital length of stay and duration of mechanical ventilation between underfeeding 
and full-feeding in critically ill patients.

Figure 5. 

Forest plots (meta-analyses, random-effects models) of infection between underfeeding and full-feeding in critically ill patients.
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Figure 6. 

Forest plots (meta-analyses, random-effects models) of gastrointestinal signs and symptoms between underfeeding and full-feeding in critically ill patients.
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four studies and was less common in the underfeeding group (RR, 
0.85; 95% CI, 0.73-1.00; I2 0%, p = 0.41 for heterogeneity) (21,23-
25). Two studies (23,24) analyzed the effects of underfeeding 
versus full-feeding on constipation, aspiration and distention. Con-
stipation was 33% less frequent in the underfeeding group when 
considering the feeding days (RR, 0.67; 95% CI, 0.54-0.85; I2 0%, 
p = 0.92 for heterogeneity). Aspiration and abdominal distention 
did not differ between groups (RR, 0.69; 95% CI, 0.44-1.08; I2 0%,  
p = 0.35 for heterogeneity and RR, 0.86;95% CI, 0.70-1.06; 
I2 0%, p = 0.32 for heterogeneity respectively, forest plots not 
shown). Diarrhea was evaluated by three studies and its occur-
rence was 15% lower in the underfeeding group (RR, 0.85; 95% 
CI, 0.75-0.96; I2 0%, p = 0.78 for heterogeneity) (23-25).

DISCUSSION

This systematic review and meta-analysis of RCTs enabled 
us to assess the effects of two different feeding strategies on 
clinical outcomes and gastrointestinal tolerability in critically ill 
patients. Studies analyzed were not associated with differences 
in overall mortality (21-25). Subgroup analysis showed different 
effects according to the achieved energy intake. In the moderate 
feeding subgroup that reached 46-72% of the energy require-
ment (21,22,25), overall mortality was significantly lower in the 
underfeeding group than in the full-feeding one. This adequacy 
fits the proposed minimum cutoff value suggested by ASPEN (6) 
for the first week of ICU and is similar to the average adequacy 
found in international multicenter studies (26,27). No differences 
were found in the trophic feeding subgroup (23,24) that reached 
16-25% of requirements. The two strategies evaluated in this 
study were not associated with differences in ICU mortality, ICU 
and hospital LOS, duration of MV and infectious complications.

Early EN is considered a therapeutic strategy associated with 
decreased disease severity and complications, as well as reduced 
ICU LOS (6,28,29). Among the reasons for offering early EN, main-
taining the gut integrity and systemic immune response system 
should to be considered. However, despite the recommendation of 
early EN by current clinical practice guidelines, it remains unclear 
how much energy critically ill patients should consume consider-
ing the conflicting evidence in support of both initial underfeeding 
and full-feeding strategies (7,11,22-25,30,21).

Concerning gastrointestinal signs and symptoms, this study 
found some interesting data. Unlike the study by Choi et al. (32), 
which pooled data on the incidence of serious gastrointestinal 
intolerance (vomiting, regurgitation and diarrhea) and found no 
differences between feeding strategies, we decided to observe 
gastrointestinal signs and symptoms separately to better under-
stand the effects of the strategies evaluated in the results. Under-
feeding was associated with low occurrence of all upper digestive 
intolerance signs and symptoms and the protective effect ranged 
from 21% for vomiting to 61% for elevated GRV occurrence. 
Upper digestive intolerance signs and symptoms are associated 
with a higher incidence of nosocomial pneumonia, longer ICU 
stays and higher ICU mortality (33). Data show that symptoms 

occur early, and are more frequent in patients using sedation or 
catecholamines (33). For lower gastrointestinal tract symptoms, 
underfeeding showed the same trend, lowering the occurrence 
by 15% for diarrhea and 33% for constipation. Abdominal dis-
tention was not different between the groups. Diarrhea, which 
is the gastrointestinal symptom most commonly experienced by 
critically ill patients, and the respective contribution of feeding, 
were explored by Thibault et al. (34). They reported that the medi-
an day of diarrhea onset was the sixth day and that most patients 
had ≤ 4 diarrhea days. As an important result, enteral covering 
of > 60% of the energy target was associated with 75% more 
occurrences of diarrhea. These findings are consistent with our 
observations that diarrhea was less frequent in the underfeeding 
group. Constipation, a prevalent symptom in critically ill patients 
(35,36), is associated with delays in weaning from MV that can be 
explained by distention, discomfort and restlessness experienced 
by patients and by the inability of the ventilator muscle to cope 
with increased workload caused by distention (35). Early defeca-
tion is associated with a shorter duration of MV and ICU length of 
stay (37,38). Even after multivariate analysis, observational data 
showed lower incidence of constipation when early EN was imple-
mented (36). Our results are consistent with these findings, since 
underfeeding was associated with the symptom occurring 33% 
less. The above may suggest that the benefit could center on the 
introduction of nutrients in the gastrointestinal tract rather than 
in the achievement of energy targets. No difference was found 
for aspiration, a symptom that occurred rarely (one study (23) 
reported one episode in the underfeeding group and other (24) 
reported the occurrence of 0.2-0.3% of feeding days). 

Although the literature search was conducted in multiple data-
bases and no restrictions concerning language, publication date 
or publication status were imposed, this meta-analysis has some 
limitations. First, the small numbers of studies retrieved did not 
allow us to perform meta-regression. We were able to perform 
subgroup analysis which allowed us to better understand the dif-
ferences between full-feeding and underfeeding strategies (tro-
phic and moderate feeding). However, the analysis was conducted 
using only two studies and three studies, respectively, so these 
findings should be interpreted cautiously. Second, none of the 
study design used a double-blind format. Third, studies did not 
report data of all outcomes evaluated in this meta-analysis, so 
some analyses included two or three studies. 

Concerning the methodology of the studies included, none of 
them performed indirect calorimetry to measure resting energy 
expenditure and thus accurately assess energy requirements 
(6,39,40). The absence of a gold standard method to quantify 
requirements is an important limitation of all the studies included, 
since the prevalence of underprescription or overprescription of 
energy needs in critically ill mechanically ventilated patients is high 
when predictive equations or weight-based fixed prescriptions are 
compared to estimates of indirect calorimetry values (38% and 
12%, respectively) (41).

 
Thus, the standard caloric requirements 

and the goals of caloric intake set by the strategies evaluated 
(full-feeding versus underfeeding) probably fail to match the actu-
al energy needs. Futhermore, studies used different methods to 
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calculate caloric requirements (kcal/kg, kcal/kg of nonprotein 
calories, Harris-Benedict equations adjusted for stress factors), 
thus comparisons among studies are challenging because some 
patients in one study may have received more calories than other 
patient in other study regardless of the intervention group. 

It is important to consider that full-feeding strategies did not achieve 
their energy targets, ranging from 71-93% of requirements, and 
none of the studies actually achieved their endpoints. Thus, groups 
were energy deprived and the studies compared underfeeding ver-
sus severe underfeeding, common situation in prospective nutri-
tion studies in critical care setting (42). The lower limit achieved in 
the full-feeding strategy (71% of goal) was actually lower than the 
upper limit achieved in the underfeeding strategy (moderate feeding 
- 72% of goal). This overlap of the adequacy between the groups 
addresses a serious problem in the interpretation of results.

None of the studies analyzed body composition, so the nutri-
tional status is represented only by BMI, which has limitations 
for critically ill patients. The mean BMI ranged from 25.0 (21) to  
30.4 kg/m² (23). Although the standard deviation has been con-
sidered, undernourished patients are not well represented, thus 
preventing generalization of the conclusions to this extreme end 
of the population. Studies did not show hypoglycemia or worse 
indicators of malnutrition in the population submitted to moderate 
nutrition (22,25). Patients with prior malnutrition were not spe-
cifically contemplated. Alberda et al. found association between 
energy supply and clinical outcomes between different BMI (43). 
In this study, patients with BMI < 20 kg/m² showed reduction in 
mortality with full energy supply strategy. This is a key-point on 
treatment and possibly a limitation for intentional underfeeding in 
patients with previous malnutrition. Decrease in weight prior to 
admission would be a better tool to evaluate degree of malnutri-
tion. Another strategy for better assessment would be the use of a 
specific tool to assess nutritional risk (such as NUTRIC - Nutrition 
Risk in Critically Ill - score) (44), which would allow the identifica-
tion of those who may benefit from aggressive nutritional therapy. 

Recently, three RCTs compared underfeeding with full-feed-
ing nutritional support in critically ill patients (45-47). They were 
excluded from our analysis due to the use of supplementary par-
enteral nutrition. One study found more nosocomial infections 
in the underfeeding group while there was no significant effect 
on ICU and hospital mortality and duration of MV (45). Another 
found no differences regarding infections, ICU and hospital LOS 
and mortality (47). The last study found no differences in length 
of MV, hospital or ICU stay and infection but was prematurely 
interrupted at the first interim analysis with the observation of 
a statistically significant increase in mortality in the full-feeding 
group. These findings should be interpreted cautiously considering 
that a post hoc analysis is needed to determine which aspects of 
the intervention resulted in higher mortality (46). 

CONCLUSION

This meta-analysis found no differences in ICU and overall mor-
tality ICU and hospital LOS, duration of MV, and infectious com-

plications when underfeeding and full -feeding were compared. 
In the subgroup analysis, moderate feeding (46-72% of energy 
intake) was associated with lower overall mortality (21,22,25) 
compared with the full-feeding group. These results are in accor-
dance with the minimum cutoff value proposed for the first week 
in the ICU (6) and the average adequacy found worldwide in 
multicenter studies (26,27). Underfeeding was associated with 
fewer occurrences of gastrointestinal signs and symptoms eval-
uated. The results should be cautiously interpreted due to the 
small number of studies analyzed and their methodology. Large 
multi-center RCT that measure resting energy expenditure as a 
guide for nutritional therapy and achieve both caloric goals will 
likely allow for a more definitive evaluation of feeding strategies 
for critically ill patients.
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