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KEYWORDS Abstract

Hypocaloric; Objectives: To compare the effect of hypocaloric versus standard enteral feeding on clinical
Enteral feeding; outcomes in critically ill adults, and to investigate the influence of protein intake upon the
Protein intake; outcome effects of hypocaloric feeding.

Critically ill; Design: A meta-analysis of randomized controlled trials (RCTs) and trial sequential analysis
Trial sequential (TSA) were carried out.

analysis Setting: Intensive Care Unit (ICU).

Patients: Or participants Critically ill adults.

Interventions: Hypocaloric enteral feeding versus standard enteral feeding.

Main variables of interest: The primary outcomes were all-cause short-term mortality and the
incidence of nosocomial infection.

Results: Eleven RCTs met the inclusion criteria; of these trials, two were judged as having
low risk of bias. Compared with standard enteral feeding, hypocaloric enteral feeding had
no benefits in terms of reducing short-term mortality, the incidence of nosocomial infection,
or long-term mortality, though it had a positive impact upon the incidence of gastrointestinal
intolerance. The TSA further confirmed these results. In turn, hypocaloric enteral feeding had no
effects upon the incidence of bloodstream infection, pneumonia, hypoglycemia or the duration
of mechanical ventilation, ICU stay, or in-hospital stay. The above results remained unchanged
in the sub-analysis of trials with a low risk of bias, trials administering a similar dose of protein,
or trials administering different doses of protein.
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Introduction

Conclusions: Compared with standard enteral feeding, hypocaloric enteral feeding was not
associated with better clinical outcomes in critically ill adults, except for a lower risk of
gastrointestinal intolerance. The difference in protein intake between groups might have no
influence on the outcome effects of hypocaloric enteral feeding. High quality randomized
controlled trials are needed to confirm this, however.

© 2019 Elsevier Espana, S.L.U. y SEMICYUC. All rights reserved.

Efecto de la nutricién enteral hipocalérica frente a la nutricion enteral estandar
sobre los desenlaces clinicos en adultos criticamente enfermos: metanalisis de
ensayos controlados, aleatorizados y con analisis secuencial

Resumen

Objetivos: Comparar el efecto de la nutricion enteral hipocaldrica frente a la nutricion enteral
estandar en adultos criticamente enfermos, asi como investigar la influencia de la ingesta de
proteinas sobre los efectos de la nutricion enteral hipocalorica.

Diseno: Metanalisis de ensayos controlados y aleatorizados y analisis secuencial de ensayos.
Ambito: Unidad de Cuidados Intensivos.

Pacientes: Adultos criticamente enfermos.

Intervenciones: Nutricion enteral hipcaldrica frente a nutricion enteral estandar.

Variables de interés principales: Los desenlaces principales fueron la mortalidad a corto plazo
por cualquier causa y los episodios de infeccion nosocomial.

Resultados: Once ensayos controlados y aleatorizados cumplieron los criterios de inclusion y se
consider6 que dos de ellos presentaban un bajo riesgo de sesgo. En comparacion con la nutri-
cion enteral estandar, la nutricion enteral hipocalérica no presenté ningun riesgo en cuanto a
la reduccion de la mortalidad a corto plazo, los episodios de infeccion nosocomial ni la mortal-
idad a largo plazo, pero si present6 un efecto beneficioso sobre los episodios de intolerancia
gastrointestinal. El analisis secuencial de ensayos confirmé estos resultados. Por otra parte, la
nutricion enteral hipocalorica no tuvo ningln efecto sobre los episodios de bacteriemia, neu-
monia o hipoglucemia, asi como tampoco sobre la duracion de la ventilacion mecanica, de la
estancia en la Unidad de Cuidados Intensivos ni del ingreso hospitalario. No se observo ninglin
cambio en estos resultados en el subanalisis de los ensayos con un bajo riesgo de sesgo, en los
ensayos en los que se administré una dosis similar de proteinas ni en los ensayos en los que se
administré una dosis diferente de proteinas.

Conclusiones: En comparacion con la nutricion enteral estandar, la nutricion enteral
hipocalorica no se asocid con unos mejores desenlaces en adultos criticamente enfermos, con
la excepcion de un menor riesgo de intolerancia gastrointestinal. Si bien es posible que la difer-
encia en la ingesta de proteinas entre ambos grupos no haya tenido ninguna influencia sobre los
desenlaces de la nutricion enteral hipocalorica, esto deberia confirmarse en ensayos clinicos
controlados, aleatorizados y de alta calidad.

© 2019 Elsevier Espana, S.L.U. y SEMICYUC. Todos los derechos reservados.

will, inevitably, develop to a malnutrition, even to multiple
organ dysfunction. Therefore, it is essential for critically ill

During the adaptive stress response to critical illness,
the neuroendocrine system and the immuno-inflammatory
system are triggered, resulting in an activation of the sympa-
thetic nervous system and the hypothalamic-pituitary axis,
and release of various hormones, cytokines and inflamma-
tory mediators.'~3 These pathophysiological changes induces
aresistance to anabolic signals and implies the final common
pathway of metabolic response in acute phase of critical
illness, that is hypercatabolism and hypermetabolism."* In
addition, critically ill patients are also at high risk of insuf-
ficient oral intake. As a consequence, critically ill patients

patients to receive nutrition therapy.

Enteral nutrition (EN) has been recommended as the first
choice of nutrition therapy for critically ill patients,*” it
is anticipated to attenuate the oxidative stress response,
modulate the immune response, and improve the metabolic
status by delivering with macro- and micronutrients.>’
Theoretically, standard enteral feeding that achieved full
or near full calories supply can meet the daily demand
of energy, and thus results in an improvement in clin-
ical outcomes. However, standard enteral feeding with
full or near full calories supply are always accompanied
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by increased risk of gastrointestinal (Gl) intolerance and
refeeding syndrome,“ which will, in turn, lead to high risk of
infections and prolonged length of intensive care unit (ICU)
stay. Accordingly, hypocaloric enteral feeding rather than
standard enteral feeding has been advocated by the Euro-
pean Society for Clinical Nutrition and Metabolism (ESPEN)
to be applied in the early phase of critical illness,* where
hypocaloric feeding was defined as an energy administration
below 70% of the defined target by ESPEN guidelines.*

In fact, a majority of randomized controlled trials
(RCTs)®-"2 failed to identify an beneficial effect on mortality
with use of hypocaloric enteral feeding, several meta-
analyses'*"7 also revealed a neutral effects on mortality
or other outcomes in critically ill patients, the efficacy
and safety of hypocaloric feeding in critically ill patients
is still controversial to date. Recently, more and more evi-
dence showed that the dose of protein intake is associated
with clinical outcomes in critically ill patients,’®?° there
are even opinions that protein intake may be more impor-
tant than caloric intake for improving clinical outcomes,?"?2
it seems that protein intake might affect the effective-
ness of hypocaloric feeding. Hence, considering that several
RCTs?*-2° regarding the appropriate caloric dose for criti-
cally ill patients were published in recent, we performed
a new meta-analysis to detect the effect of hypocaloric
enteral feeding, as compared to standard feeding, on clin-
ical outcomes in critically ill patients, and, in particular,
to investigate the effect of protein intake on the outcome
effects of hypocaloric enteral feeding.

Materials and methods

This meta-analysis was conducted in accordance with the
PRISMA guidance?® and registered at the international
prospective register of systematic reviews (PROSPERO reg-
istration number: CRD42019129606).

Search strategy

Two independent authors (Zhou X and Fang H) in our
team conducted a comprehensive database search for RCTs,
where critically ill adults were randomized to receive either
hypocaloric enteral feeding (defined as daily provision of
<70% of estimated or measured energy requirements*) or
standard enteral feeding (defined as daily provision of >70%
of estimated or measured energy requirements), using medi-
cal subject heading terms combined with liberal terms
in PubMed, EMBASE, Web of Science and the Cochrane
database of clinical trials from database inception through
16 March 2019. We also manually searched the reference
lists of previous review articles to further identify the rel-
evant literature. There were no restrictions on language in
this meta-analysis. The detailed search strategy is available
in the supplementary material.

Study selection

All records from the database search were filtered to
exclude duplicates. Three authors (Zhou X, Xu J, and Wang
H) independently screened the title and abstract of the

remaining records to determine whether the studies met
the inclusion criteria. The full-text of the records deemed
eligible during preliminary screening were retrieved and
reviewed in accordance with the inclusion and exclusion
criteria. The inclusion criteria includes:

1) Study design: prospective RCT;

2) Population: critically ill adults (age > 16 years) admit-
ted to the ICU who received EN as the main nutrition
supply (>50% energy delivery) within 48 hours after ICU
admission;

3) Intervention: hypocaloric enteral feeding with a mean
daily caloric intake of <70% of estimated or measured
energy requirements?;

4) Control: standard enteral feeding with a mean daily
caloric intake of >70% of estimated or measured energy
requirements.*

There were no restrictions on protein intake, delivery
method, energy dense or formulas of enteral nutrition, or
measurement method of energy requirement. Those studies
that did not directly compare two dose of caloric intake but
led to different dose of caloric intake were also considered.
The exclusion criteria includes:

1) Not RCT;

2) Not critically ill adults or not admitted to the ICU;

3) Received parenteral nutrition (PN) as the main source of
nutrition;

4) Both groups received a mean daily caloric intake of > or
<70% of estimated or measured energy requirements;

5) Did not report the proportion of daily caloric intake to
goal caloric requirements or the interested outcomes.

We also excluded those abstract without full-text. Any
disagreements between the three authors were resolved
through discussion until a consensus was reached.

Data extraction

Two authors (Pan J and Sha Y) independently extracted
the associated data from each included trials using a stan-
dardized data extraction form, including characteristics of
the included studies, details of the population enrolled,
duration of intervention, and detailed information on EN,
including the nutrition regimen, caloric intake, and protein
intake. We contacted the authors for the complete data set
via email if some interested data were not reported. Dis-
crepancies between the reviewers were resolved through
discussion with a third reviewer and by consensus.

Clinical outcomes

The primary outcomes include all-cause short-term mor-
tality (defined as death within 30 days of randomization,
including ICU, in-hospital, 28-day, or 30-day mortality)
and incident of nosocomial infection. Secondary outcomes
include all-cause long-term mortality (defined as death
occurring beyond 30 days of randomization, including 60-
day, 90-day, or 180-day mortality), incident of bloodstream
infection, pneumonia, hypoglycemia and GI intolerance.

213



X. Zhou, H. Fang, C. Hu et al.

Tertiary outcomes include duration of ICU stay, in-hospital
stay, and duration of mechanical ventilation (MV). Stud-
ies that assessed at least one of the above outcomes were
included. In studies in which various short-term or long-term
mortalities were reported, the longest follow-up mortal-
ity was included in analysis. The infection complications
(nosocomial infection, bloodstream infection and pneumo-
nia) and hypoglycemia were defined by the authors in the
included trials, the Gl intolerance was predefined as Gl dys-
function with symptoms of vomiting, noninfectious diarrhea,
abdominal distension, regurgitation, or large gastric resid-
ual volumes, or defined as by the authors in the included
trials.

Risk of bias assessment

The quality of each included trials were independently
evaluated by two authors (Hu C and Xu Z) for the pri-
mary outcomes according to the Cochrane Collaboration
methods.?” Disagreements were resolved via discussion with
a third reviewer to reach a consensus on the quality evalua-
tion of included studies. We assigned a value of high, unclear
or low to the following seven domains: adequate sequence
generation, allocation concealment, blinding of participants
and personnel, blinding of outcome assessment, incomplete
outcome data, selective reporting, and other bias. Studies
that exhibited a low risk of bias in all domains were adjudi-
cated as have low risk of bias, or were adjudicated as have
high risk of bias.

Statistical analysis

All statistical analyses were performed using Stata/SE 11.0
(StataCorp, College Station, TX, USA). The pooled relative
risk (RR) for dichotomous data and the pooled weight mean
difference (WMD) for continuous data, with corresponding
95% confidence interval (Cl), were calculated. However,
data on duration of MV were pooled using the standard-
ized mean difference (SMD) due to the different time unit.
We assessed the statistical heterogeneity among trials by
inspecting the forest plots and quantitatively by using the
diversity (D?) and inconsistency factor (/%) statistics. Both
fixed-effects and random-effects meta-analyses were con-
ducted for all outcomes (Table 1). Given the substantial
clinical or statistical heterogeneity (in primary diagnosis,
enteral nutrition formulas, energy measure method, etc.)
between included trials, we reported the pooled data from
random-effects model as the main result, otherwise we
reported the results from a fixed-effects model if one or
two trials accounts for approximately 80% or more of the
total weight in a fixed-effect meta-analysis.?® Funnel plots
combined with Begg’s and Egger’s tests were performed to
assess publication bias for the primary outcomes if 10 or
more studies were included. Considering the multiple out-
comes reported, we assessed the primary outcomes with
statistical significance set at p <0.033, secondary outcomes
at p<0.017, and tertiary outcomes at p <0.025.%8

Subgroup analyses were also conducted for all outcomes
based on the following factors: (1) the overall risk of bias of
included studies (low or high risk of bias); (2) whether the
dose of protein intake between the two groups was similar

or different (statistically significant or if the difference was
>10%); (3) the design type of study (single-center or multi-
center).

Trial sequential analysis

We conducted trial sequential analysis (TSA) using TSA pro-
gram version 0.9.5.10 beta (available from www.ctu.dk/tsa)
for the primary and secondary outcomes (Table 1) to assess
the increased risk of random errors due to sparsity data and
repeated significance testing in cumulative meta-analyses.?’
Both random-effects and fixed-effects models were used
to calculate the TSA-adjusted 95% Cl for heterogeneity
[Diversity (D?) adjustment], the random-effects result was
reported as the main result.

Because the overall risk of falsely rejecting the null
hypothesis (the family-wise error rate) will increase when
performing multiple hypothesis tests,?® we calculated the
TSA-adjusted 95% Cl with a family-wise error rate of 5%
with a statistical significance level of 3.3% for the antici-
pated two co-primary outcomes and 1.7% for each of the
five co-secondary outcomes, a beta (power) of 80%, and a
D?*° suggested by the included trials. If the actual measured
D? was zero, a D? of 20% was used because the heterogene-
ity may be expected to increase when further studies are
included.®" The required information size was calculated
based on a relative risk reduction of 15% in the event pro-
portion of control group calculated from the conventional
meta-analysis.

Grading the quality of evidence

According to the Grading of Recommendations Assess-
ment, Development, and Evaluation (GRADE) approach,?*
we assessed the overall quality of evidence for each
outcome measure using GRADE profiler version 3.6 and pre-
sented the summary of findings in Table 2. The quality of
evidence and our confidence in the effect-estimates were
evaluated on the following six elements: study design, risk
of bias, inconsistency, indirectness, inprecision, and risk
of publication bias. Accordingly, we assigned a value of
“*high’’, ‘*‘moderate’’, “‘low’’ or ‘‘very low’’ to each out-
come to classify the quality of evidence.

Results

Study selection

The database search was completed on March 16, 2019. We
searched a total of 5918 records from the abovementioned
database, of which 1256 duplicate were filtered, and
4425 records deemed ineligible were also excluded after
screening the title and abstract according to our inclusion
and exclusion criteria. The remaining 237 records and
additional 32 records retrieved from other review articles
were included in the review of the full text. Finally, a total
of 11 RCTs8-13.23-25,33.34 enrolled 6986 subjects met the eligi-
bility criteria and were included in analysis. The flowchart
of study selection is shown in Fig. 1 and the reasons for
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Table 1

The conventional meta-analysis and trial sequential analysis for clinical outcomes using random-effect and fixed-effect model.

Conventional meta-analysis Trial sequential analysis (TSA) Event proportion in Required
standard feeding group information
(event/total, %) size
Random-effects Fixed-effects Random-effects Fixed-effects
RR or WMD (95%CI) P RR or WMD (95%CI) P 2 TSA-adjusted TSA-adjusted  Diversity (D?)
95%Cl 95%Cl
Primary outcomes
Short-term mortality (no. of trials)
All trials (10) 0.96 (0.88-1.06) 0.436 0.96 (0.88-1.05) 0.409 0% 0.80-1.16 0.80-1.16 0% 733/2980 (24.6%) 5708
Trials with low risk of bias (2) 1.00 (0.90-1.12) 0.977 1.00 (0.90-1.12) 0.980 0% 0.86-1.17 0.86-1.17 0% 484/2072 (23.4%) 6087
Trials received similar dose of protein (4) 0.97 (0.88-1.07) 0.502 0.97 (0.88-1.07) 0.499 0% 0.87-1.08 0.87-1.08 0% 635/2592 (24.5%) 5722
Trials received different dose of protein (4) 0.91 (0.63-1.33) 0.640 0.93 (0.70-1.23) 0.610 40.3% 0.20-4.23 0.29-2.94 43% 771296 (26.0%) 7429
Single-center trials (8) 0.94 (0.76-1.16) 0.547 0.93 (0.75-1.14) 0.464 0% 0.52-1.70 0.51-1.67 0% 142/568 (25.0%) 5590
Multi-center trials (2) 0.97 (0.87-1.08) 0.558 0.97 (0.88-1.07) 0.572 6.9% 0.86-1.10 0.87-1.09 13% 591/2412 (24.5%) 5278
Incident of nosocomial infection (no. of trials)
All trials (10) 1.01 (0.95-1.07) 0.839 1.00 (0.97-1.03) 0.819 13.3% 0.90-1.12 0.95-1.05 83% 2089/3417 (61.1%) 6035
Trials with low risk of bias (1) 0.99 (0.96-1.02) 0.495 0.99 (0.96-1.02) 0.495 - - - - 1662/1971 (84.3%) -
Trials received similar dose of protein (3) 0.99 (0.96-1.02) 0.422 0.99 (0.96-1.02) 0.332 0% 0.93-1.05 0.93-1.05 0% 1887/2537 (74.4%) 762
Trials received different dose of protein (4) 1.10 (0.61-1.98) 0.748 1.01 (0.70-1.46) 0.949 54.7% - - 57% 48/296 (16.2%) -
Single-center trials (7) 1.02 (0.85-1.22) 0.842 1.00 (0.86-1.17) 0.986 24.8% 0.49-2.12 0.53-1.87 56% 166/508 (32.7%) 7107
Multi-center trials (3) 0.99 (0.94-1.05) 0.849 1.00 (0.97-1.03) 0.797 11.9% 0.91-1.08 0.95-1.05 76% 1923/2909 (66.1%) 3575
Secondary outcomes
Long-term mortality (no. of trials)
All trials (6) 0.95 (0.88-1.03) 0.249 0.96 (0.88-1.04) 0.279 0% 0.83-1.11 0.83-1.11 0% 875/3143 (27.8%) 5725
Trials with low risk of bias (1) 0.96 (0.86-1.06) 0.409 0.96 (0.86-1.06) 0.409 - - - - 523/1948 (26.8%) -
Trials received similar dose of protein (3) 0.93 (0.84-1.03) 0.148 0.94 (0.86-1.02) 0.146 8.3% 0.82-1.05 0.84-1.05 19% 715/2501 (28.6%) 5423
Trials received different dose of protein (1) 0.93 (0.64-1.35) 0.696 0.93 (0.64-1.35) 0.696 - - - - 37/100 (37.0%) -
Single-center trials (3) 0.91 (0.67-1.24) 0.558 0.89 (0.71-1.12) 0.316 40.5% 0.26-3.16 0.36-2.23 45% 103/267 (38.6%) 5148
Multi-center trials (3) 0.96 (0.88-1.05) 0.407 0.97 (0.89-1.05) 0.420 0% 0.81-1.15 0.81-1.15 0% 772/2876 (26.8%) 4810
Incident of bloodstream infection (No. of trials)
All trials (5) 0.96 (0.78-1.18) 0.720 0.97 (0.83-1.12) 0.663 15.3% 0.41-2.25 0.52-1.79 47% 308/3128 (9.8%) 30,105
Trials with low risk of bias (1) 0.96 (0.81-1.15) 0.671 0.96 (0.81-1.15) 0.671 - - - - 228/1971 (11.6%) -
Trials received similar dose of protein (3) 0.85 (0.62-1.17) 0.313 0.92 (0.78-1.09) 0.329 22.1% 0.23-3.10 0.47-1.82 72% 257/2536 (10.1%) 55,748
Trials received different dose of protein (1) 0.81 (0.22-2.92) 0.745 0.81 (0.22-2.92) 0.745 - - - - 57100 (5.0%) -
Single-center trials (2) 0.67 (0.31-1.46) 0.313 0.67 (0.31-1.46) 0.311 0% - - - 15/220 (6.8%) -
Multi-center trials (3) 0.98 (0.74-1.30) 0.898 0.98 (0.84-1.14) 0.819 45.7% 0.31-3.08 0.53-1.84 70% 293/2908 (10.1%) 51,349
Incident of pneumonia (No. of trials)
All trials (5) 0.96 (0.78-1.18) 0.671 0.96 (0.78-1.18) 0.718 0% 0.41-2.23 0.41-2.24 0% 155/1260 (12.3%) 15,523
Trials with low risk of bias (0) - - - - - - - - - -
Trials received similar dose of protein (2) 0.96 (0.70-1.33) 0.814 0.95 (0.73-1.22) 0.671 12.9% 0.26-3.56 0.34-2.67 37% 100/566 (17.7%) 12,780
Trials received different dose of protein (2) 0.84 (0.47-1.50) 0.563 0.85 (0.47-1.51) 0.573 0% - - 0% 22/202 (10.9%) -
Single-center trials (3) 1.01 (0.64-1.61) 0.959 1.02 (0.64-1.62) 0.928 0% - - - 32/322 (9.9%) -
Multi-center trials (2) 0.94 (0.75-1.19) 0.616 0.95 (0.75-1.20) 0.649 0% 0.37-2.43 0.37-2.44 0% 123/938 (13.1%) 14,297
Incident of hypoglycemia (No. of trials)
All trials (6) 1.09 (0.82-1.45) 0.564 1.08 (0.81-1.43) 0.616 0% 0.34-3.51 0.33-3.48 0% 79/2731 (2.9%) 70,203
Trials with low risk of bias (1) 0.96 (0.57-1.60) 0.871 0.96 (0.57-1.60) 0.871 - - - - 29/1971 (1.5%) -
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Table 1 (Continued)

Conventional meta-analysis Trial sequential analysis (TSA) Event proportion in Required
standard feeding group information
(event/total, %) size
Random-effects Fixed-effects Random-effects Fixed-effects
RR or WMD (95%Cl) P RR or WMD (95%CI) P 2 TSA-adjusted  TSA-adjusted  Diversity (D?)
95%Cl 95%Cl
Trials received similar dose of protein (3) 1.04 (0.74-1.48)  0.815 1.03 (0.73-1.46) 0.865 0% 0.25-4.30 0.25-4.27 0% 57/2537 (2.2%) 95,397
Trials received different dose of protein (3) 1.19 (0.72-1.99) 0.496 1.20 (0.72-1.99) 0.479 0% - - 0% 22/194 (11.3%) -
Single-center trials (4) 1.19 (0.83-1.72)  0.345 1.20(0.83-1.72) 0.336 0% - - - 43/314 (13.7%) -
Multi-center trials (2) 0.94 (0.59-1.49)  0.787 0.94 (0.59-1.49) 0.787 0% - - - 36/2417 (1.5%) -
Incident of Gl intolerance (No. of trials)
All trials (5) 0.78 (0.70-0.87) <0.001 0.79 (0.71-0.87) <0.001 11.4% 0.67-0.90 0.69-0.90 21% 701/2949 (23.8%) 7091
Trials with low risk of bias (1) 0.83 (0.73-0.95)  0.009 0.83 (0.73-0.95) 0.009 - - - - 370/1959 (18.9%) -
Trials received similar dose of protein (2) 0.83 (0.74-0.94)  0.002 0.83 (0.74-0.94) 0.002 0% 0.68-1.02 0.68-1.02 0% 487/2405 (20.2%) 8625
Trials received different dose of protein (2) 0.61 (0.43-0.86)  0.005 0.60 (0.42-0.85) 0.004 0% 0.15-2.51 0.15-2.48 0% 63/156 (40.4%) 3321
Single-center trials (2) 0.61 (0.43-0.86)  0.005 0.60 (0.42-0.85) 0.004 0% 0.15-2.51 0.15-2.48 0% 63/156 (40.4%) 3321
Multi-center trials (3) 0.80 (0.72-0.89) <0.001 0.81 (0.73-0.89) <0.001 0% 0.69-0.93 0.69-0.93 0% 638/2793 (22.8%) 7415
Tertiary outcomes
Duration of ICU stay (No. of trials)
All trials (10) 0.42 (—0.17-1.01) 0.166 0.32 (0.17-0.48) <0.001 48.4%
Trials with low risk of bias (2) 0.35 (—1.47-2.17) 0.708 0.01 (—0.93-0.95) 0.980 62.3%

Trials received similar dose of protein (4) —0.14 (—1.24-0.96) 0.802 —0.14 (—0.87-0.58) 0.699 46.2%
Trials received different dose of protein (3) 0.10 (—2.07-2.26) 0.930 0.10 (—2.07-2.26) 0.930 0%

Single-center trials (7) 0.85 (—0.38-2.07) 0.174 1.07 (0.42-1.71)  0.001 41.1%

Multi-center trials (3) 0.28 (0.12-0.44)  0.001 0.28 (0.12-0.44)  0.001 0%
Duration of in-hospital stay (No. of trials)

All trials (7) 0.80 (—1.47-3.08) 0.488 0.11 (—0.58-0.79) 0.761 37.8%

Trials with low risk of bias (1) 0.00 (—0.72-0.72) 1.000 0.00 (—0.72-0.72) 1.000 -

Trials received similar dose of protein (3) —0.05 (—0.76-0.65) 0.886 —0.05 (—0.76-0.65) 0.183 0%
Trials received different dose of protein (3) 1.54 (—4.40-7.47) 0.612 2.37 (—1.12-5.87) 0.183 54.4%

Single-center trials (5) 2.80 (—0.84-6.45) 0.132 3.05 (0.03-6.08) 0.048 19.8%

Multi-center trials (2) —0.05 (—0.76-0.65) 0.881 —0.05 (—0.76-0.65) 0.881 0%
Duration of MV* (No. of trials)

All trials (10) 0.03 (—0.07-0.13) 0.565 0.00 (—0.04-0.05) 0.889 53.6%

Trials with low risk of bias (2) 0.00 (—0.06-0.06) 1.000 0.00 (—0.06-0.06) 1.000 0%

Trials received similar dose of protein (4) —0.07 (—0.17-0.04) 0.202 —0.03 (—0.09-0.02) 0.258 40.9%
Trials received different dose of protein (3) 0.09 (-0.13-0.30) 0.431 0.09 (-0.13-0.30) 0.431 0%
Single-center trials (7) 0.12 (—-0.08-0.32) 0.253 0.07 (—0.06-0.20) 0.309 55.3%
Multi-center trials (3) —0.01 (-0.11-0.08) 0.787 —0.01 (—0.06-0.05) 0.806 59.1%
ICU, intensive care unit; MV, mechanical ventilation; Gl, gastrointestinal; BMI, body mass index; APACHE, acute physiology and chronic health evaluation; TSA, trial sequential analysis;
WMD, weighted mean difference; SMD, standardized mean difference; RR, relative risk; Cl, confidence interval.
* The pooled data of duration of MV is presented as mean SMD and 95% Cl because the unit of the data is different between included trials.
‘‘~”’ means unavailable data due to too little information used.
TSA was conducted with an adjusted type | error of 3.3% for the primary outcomes and 1.7% for the secondary outcomes, power of 80%, D? suggested by the included trials, relative risk
reduction of 15%, two-tailed. If the actual measured D? was zero, a D? of 20% was used, because in this case heterogeneity would most likely increase when further studies are included.
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Table 2 Summary of findings and the quality of evidence of all outcomes.

Hypocaloric enteral feeding compared to standard enteral feeding in critically ill adults

Patient or population: Critically ill adults
Settings: Intensive care unit
Intervention: Hypocaloric enteral feeding
Comparison: Standard enteral feeding

llustrative comparative risks* (95% CI)
Assumed risk

Corresponding risk

Standard enteral feeding

Hypocaloric enteral feeding

Short-term mortality 236 per 1000 RR 0.96 5965 o000
246 per 1000 (216 0 261) (0.88 to 1.06) (10 studies) Moderate'
Incident of nosocomial 611 per 1000 617 per 1000 RR 1.01 6855 ® 200
infection p (581 to 654) (0.95 to 1.07) (10 studies) Low'?
Long-term mortality 264 per 1000 RR 0.95 6326 o0 e
27k 1Y (245 t0 287) (0.88 to 1.03) (6 studies) Moderate!
Incident of bloodstream 98 per 1000 95 per 1000 RR 0.96 6286 ® 00
infection P (77 to 116) (0.78 to 1.18) (5 studies) Low™?
Incident of pneumonia 118 per 1000 RR 0.96 2533 ® 900
123 per 1000 (96 to 145) (0.78 to 1.18) (5 studies) Low"?
Incident of hypoglycemia 29 per 1000 32 per 1000 RR 1.09 5468 e 00
P (24 10 42) (0.82 to 1.45) (6 studies) Low™
Incident of GI intolerance 238 per 1000 185 per 1000 RR 0.78 5894 . o000
(166 t0 207) (0.7 10 0.87) (5 studies) Moderate'
Duration of ICU stay The mean duration of ICU stay ranged across control The mean duration of ICU stay in the intervention 6785 ®000
groups from 6.34 to 15.5 days groups was 0.42 higher (0.17 lower to 1.01 (10 studies) Very low"**
higher)
Duration of in-hospital stay ~ The mean duration of in-hospital stay ranged across control The mean duration of in-hospital stay in the 5583 o000
groups from 11.5 to 67.2 days intervention groups was 0.8 higher (1.47 lower to (7 studies) Moderate'
3.08 higher)
Duration of MV The mean duration of MV ranged across control groups ~ The mean duration of mechanical ventilation in 6681 ® 900
from 5.7 to 10 days the intervention groups was 0.03 standard (10 studies) Low"’

deviations higher (0.07 lower to 0.13 higher)

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the comparison group

and the relative effect of the intervention (and its 95% CI).

CI: Confidence interval; RR: Risk ratio; GI: Gastrointestinal; ICU: Cntensive care unit; MV: mechanical ventilation; TSA: trial sequential analysis

GRADE Working Group grades of evidence;

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

Very low quality: We are very uncertain about the estimate.

! Most included trial are at high risk of lacking of or incomplete blinding.

? The trial by Chapman et al. just provided data on intravenous antimicrobial agent instead of nosocomial infection

* The range of TSA-adjusted CI is wide and the Z-curve do not cross any boundaries

* The event rate is low, the range of TSA-adjusted CI is wide, and the Z-curve do not cross any boundaries
® The heterogeneity is substantial with a I of 71.6%

© The included studies reported this outcome have risk of publication bias

7 The heterogeneity is substantial with a I” of 53.6%

exclusion of studies are presented in the supplementary
material (Table S1).

Characteristics of included studies

Among the included RCTs,2-13.23-25.33.34 3(( were published
from 2011 to 2018, two®?> were published in Chinese and
the remainder were in English, three® 224 were multi-center
and the others were single-center.”~'113.23.25.33,34 The num-
ber of subjects enrolled were largely different between
included trials and varied from 78 to 3957. The subjects
in all trials were critically ill patients admitted to medical
ICU, surgical ICU, or both, however, the primary diagnosis
led to ICU admission were diverse. The subjects in all tri-
als received EN as the main nutrition supply, other nutrition
regimen, including PN, were also indicated if need. Among
the included trials, eight studies®-'32>33 directly compared
two different dose of caloric intake, yet the remaining three
trials?>?*3* did not. The aim of the trial by Allingstrup et al.?
was to assess the effectiveness of early goal-directed nutri-
tion as compared to standard nutrition care, the trial by
Braunschweig et al.>* was to assess the effectiveness of
intensive medical nutrition therapy as compared to stan-
dard nutrition therapy, and the trial by Chapman et al.*

was to assess the effectiveness of two different energy-
dense enteral nutrition in critically ill patients. Although,
the interventions in the three studies resulted in a dose dif-
ference in daily caloric intake which met our criteria, hence
we also included the three trials in this meta-analysis. The
proportion of daily caloric intake to goal caloric require-
ments in hypocaloric feeding group ranged from 15% to 69%,
and in standard feeding group were from 71% to 103%. The
dose of protein intake was largely diverse between trials and
between groups, four trials® 32433 received a similar dose of
protein intake and four trials'®'"2334 received a significan-
tly different dose of protein intake between the two groups,
the others” 22> did not reported data on protein intake. The
detailed characteristics and clinical outcomes of the indi-
vidual studies are described in the supplementary material
(Tables S2 and S3).

Risk of bias assessment

The details of the overall risk of bias of individual trials are
summarized in Table 3. Summarily, two studies'>?4 had a low
risk of bias in all domains and are adjudicated as an overall
low risk of bias, and the remaining studies®~2:23:2533.34 were
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5918 records were searched from databases
PubMed: 1475: EMBASE: 2594: Cochrane database: 779: Web of Science: 1070

A4

>{ 1256 duplicate records were excluded

4662 records were included for further review

4425 irrelevant records were

A4

excluded after screening by the title

237 records were reviewed for the abstract

Additional 32 records from other -
Tl

meta-analyses were also reviewed

v

| 213 irrelevant records were excluded
7 |
after screening by the abstract

56 records were included in review of the full-text

45 irrelevant studies were excluded

Irrelevant studies with ineligible comparisons: 13

N

More than 70% of daily caloric requirements in

11 trials met the inclusion criteria and were included

both groups: 15

Less than 70% of daily caloric requirements in

Figure 1

deemed as an overall high risk of bias due to at least one
domain with an unclear or high risk of bias.

Analysis of the primary outcomes

Short-term mortality

There are 10 studies®~""13.23-25.33.34 jncluding 5965 partici-
pants provided data on short-term mortality. The pooled
results demonstrated that hypocaloric enteral feeding have
no effects on the short-term mortality (RR=0.96, 95%
Cl: 0.88-1.06; TSA-adjusted 95% Cl: 0.80-1.16) as com-
pared to standard feeding (Fig. 2), and the Z-curve crossed
the boundary for futility and reached the required infor-
mation size of 5708 patients (Fig. 3A), which indicated
that future studies are unlikely to detect a 15% rela-
tive risk reduction in short-term mortality, this results
were unchanged in sub-analysis of trials with low risk of
bias'>?* (Figs. 2A and 3B), trials received similar dose of
protein®132433 (Figs. 2B and 4A) and multi-center trials®?*
(Figs. S1 and S2B in the supplementary material). Sub-
analysis of trials received different dose of protein'®'"2334
and single-center trials®~"".13.23.25,33,34 3(s0 revealed no ben-
efits on the short-term mortality (Fig. 2B and S1), while the
Z-curve crossed no boundaries (Fig. 4B and S2A), it still needs
more evidence to confirm.

both groups: 8

No data on proportion of daily caloric intake to
goal caloric requirements: 2

Retrospective studies:3

Abstract without full-text: 2

Ineligible patients: 2

The flowchart of the study selection process.

Incident of nosocomial infection

There are 10 trials® 2237253334 consisting of 6855 partici-
pants presented data on incident of nosocomial infection,
all but one?* were judged as have high risk of bias. Over-
all, we found no difference in the incident of nosocomial
infection between the hypocaloric feeding and standard
feeding group, with an RR of 1.01 (95% Cl: 0.95-1.07,
?=13.3%) (Fig. 5) and TSA-adjusted 95% Cl of 0.90-1.12
(D*=83%), meanwhile, the Z-curve reached the required
information size (Fig. 6A), indicating sufficient evidence to
reject a relative risk reduction of 15% in nosocomial infec-
tion. A similar results was found in sub-analysis of trials
received similar dose of protein®%433 (Figs. 5 and 6B), trials
received different dose of protein'®'"2334 (Fig. 5), single-
center trials®'"23.25:33.34 and multi-center trials®'2%* (Figs.
S3 and S4).

Analysis of publication bias

We evaluated the publication bias for the primary outcomes.
All the funnel plots were visually symmetrical (Fig. S5).
The Begg’s and Egger’s tests for the short-term mortality
(P=0.474 and P=0.510, respectively) and the incident of
nosocomial infection (P=0.474 and P=0.298, respectively)
indicated no evidence of publication bias.
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Table 3  Assessment of the overall risk of bias of each included trials.

First Adequate  Allocation Blinding of Blinding of Incomplete Selective  Other bias Overall risk
author/publication  sequence  conceal- participants outcome outcome reporting of bias
year generation ment and assessment data

personnel
Allingstrup/2017 L L H L L L H H
Arabi/2011 L L H Unclear L L L H
Arabi/2015 L L H Unclear L L L H
Braunschweig/2015 L Unclear L L L L L H
Chapman/2018 L L L L L L L L
Liu/2014 L Unclear H Unclear L H Unclear H
Ma/2018 L Unclear Unclear Unclear L H Unclear H
Petros/2016 L L H Unclear L Unclear L H
Rice/2011 L L H Unclear L L L H
Rice/2012 L L H Unclear L L L H
Rugeles/2016 L L L L L L L L

L, low; H, high.

Study Evenss,  Evens, %
Asuay p B, % B .
4 D RR(9S%CI)  Treament  Control  Weight
D RRO5%CI)  Treament  Conrol  Weight
PR — |
Highrisk of bias | Allingsteup (2017) —_— 106 (061, 1.83) 21199 0100 272
Allingstrup (2017) —_—t——— 1.06(0.61,1.83)  21/99 20100 2712 ig (2015) ! 0.39(0.17,090)  6/38 16/40 119
Arabi (2011) B 079(048,129 2120 W10 327 Petros (2016) —_—— 101(062,165) 1846 s 336
Avabi 2015) = 087070109 10847 1345 1636 Rice 2011) s LI4067,196) 2208 20102 280
15 ! VG s o~ 5 Subtotal (I-squared = 40.3%, p = 0.170) <> 0.91(0.63,133) 67281 77296 10,06
Liu (2014) —_— 096(0.50,1.84) 1456 550 191 i
[ Trials received similar dose of protein i
Ma 2018) [ 092(037,230) 740 a2 096 j
Arabi 2011) —_— 079(048,129) 22120 28120 327
Petros (2016) B — 101062,165) 1846 s 336
Arabi (2015) —L 087(070,1.09) 108447 123445 1636
ce (20 14067, 196) 22098 0002 2
Rice (2011) 7 HISWST:1 29 419 50, Chapman (2015) - 100(089, 1.12) 4701981 468/1967 6494
Subtotal (I-squared = 0.0%, p = 0.596) 089(076,105 218944 249053 3257 Rugeles (2016) . 113064, 1.99) 1860 1660 249
: Subtotal (I-squared = 0.0%, p = 0.568) < 097(088,1.07) 6182608 6352592 87.06
Low risk of bias : i
Chapman (2018) e 100(089,112) 4701981 468/1967 6494 unclear !
Rugeles (2016) —_— 1.13(0.64,1.99)  18/60 16/60 249 Liu (2014) —_— 0.96 (0.50, 1.84)  14/56 13/50 191
Subtotal (I-squared = 0.0%, p = 0.684) d 100(0.90,1.12) 4882041 4842027  67.43 Ma 2018) —— 0.92(037,2.30) 740 sz 0.95.
| Subtotal (I-squared = 0.0%, p = 0.937) <> 0.95(0.56, 1.61) 21196 92 287
Overall (I-squared = 0.0%, p = 0.631) ko 096(0.88,1.06) 7062985 7332980 10000 i
i Overall (I-squared = 0.0%, p = 0.631) q 0.96(0.88,1.06) 7062985 7332980 100.00
NOTE: Weights are from random effects analysis i :
NOTE: Weigh i
Favours Rypocsiore Toeding T Favours sandard Toeding T > ;
an 579 Favours hypocloric fecding | Favours standard feeding o5

173

Figure 2  Forest plot of meta-analysis for the short-term mortality. (panel A) Sub-analysis of trials with low or high risk of bias;
(panel B) Sub-analysis of trials received similar or different dose of protein. RR, relative risk.
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Figure 3  Trial sequential analysis for the short-term mortality. Trial sequential analysis using random-effects model with an
adjusted family-wise error rate of 3.3%, power of 80%, for a relative risk reduction of 15% in control event proportion. (Panel A) In
all included trials, control event proportion of 24.6%, D? of 20% (the actual measured D?* was 0%). The cumulative Z-curve cross the
futility area and reach the required information size of 5708 participants. The TSA-adjusted 95% CI for an RR of 0.96 is 0.80-1.16.
(Panel B) In trials with low risk of bias, control event proportion of 23.4%, D? of 20% (the actual measured D? was 0%), the cumulative
Z-curve cross the futility area, but do not reach the required information size of 6087 participants. The TSA-adjusted 95% ClI for an
RR of 1.00 is 0.86-1.17. RR, relative risk; TSA, trial sequential analysis.
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Required information size is a Two-sided graph Required information size is a Two-sided graph
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Figure 4 Trial sequential analysis for the short-term mortality in trials received similar or different dose of protein. Trial sequential
analysis using random-effects model with an adjusted family-wise error rate of 3.3%, power of 80%, for a relative risk reduction of
15% in control event proportion. (Panel A) In trials received similar dose of protein, control event proportion of 24.5%, D? of 20%
(the actual measured D? was 0%). The cumulative Z-curve cross the futility area, but do not reach the required information size
of 5722 participants. The TSA-adjusted 95% Cl for an RR of 0.97 is 0.87-1.08. (Panel B) In trials received different dose of protein,
control event proportion of 26.0%, D? of 43%, the cumulative Z-curve cross no boundaries. The TSA-adjusted 95% Cl for an RR of

0.91 is 0.20-4.23. RR, relative risk; TSA, trial sequential analysis.

Study Events, Events, %
1D RR (95% CI) Treatment  Control Weight
Trials received different dose of protein
Allingstrup (2017) + 0.64 (0.33,1.24)  12/99 19/100 0.88
Braunschweig (2015) * 1.68 (0.60,4.70)  8/38 5/40 0.38
Petros (2016) g > 2.35(0.96,5.76)  12/46 6/54 0.49
Rice (2011) + 0.81(0.43,1.54)  14/98 18/102 0.95
Subtotal (I-squared = 54.7%, p = 0.085) <:> 1.10 (0.61, 1.98)  46/281 48/296 2.70
Trials received similar dose of protein
Arabi (2011) —_—t 0.95(0.72,1.25)  53/120 56/120 4.79
)
Arabi (2015) b 0.95(0.80, 1.13)  161/448 169/446 11.23
Chapman (2018) . 0.99 (0.96, 1.02)  1658/1985  1662/1971  59.02
Subtotal (I-squared = 0.0%, p=0.815) c 0.99 (0.96, 1.02)  1872/2553  1887/2537 75.03
unclear
Liu (2014) e 1.08 (0.94, 1.25)  51/56 42/50 14.53
Ma (2018) —_— 0.94 (0.59, 1.51)  18/40 20/42 1.77
Rice (2012) -+ 1.18 (0.92, 1.51)  112/508 92/492 5.96
Subtotal (I-squared = 0.0%, p = 0.637) 1<> 1.10 (0.97,1.24)  181/604 154/584 2227
Overall (I-squared = 13.3%, p = 0.320) <> 1.01(0.95,1.07)  2099/3438 2089/3417 100.00
NOTE: Weights are from random effects analysis
[ [
174 Favours hypocaloric feeding 1 Favours standard feeding 5.76

Figure 5
RR, relative risk.
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Figure 6 Trial sequential analysis for the incident of nosocomial infection. Trial sequential analysis using random-effects model
with an adjusted family-wise error rate of 3.3%, power of 80%, for a relative risk reduction of 15% in control event proportion.
(Panel A) In all included trials, control event proportion of 61.1%, D?* of 83%. The cumulative Z-curve cross the futility area and
reach the required information size of 6035 participants. The TSA-adjusted 95% Cl for an RR of 1.01 is 0.90-1.12. (Panel B) In trials
received similar dose of protein, control event proportion of 74.4%, D? of 20% (the actual measured D?* was 0%), the cumulative
Z-curve cross the futility area and reach the required information size of 762 participants. The TSA-adjusted 95% CI for an RR of

0.99 is 0.93-1.05. RR, relative risk; TSA, trial sequential analysis.

Analysis of the secondary outcomes

Long-term mortality

Regarding the outcome measure of long-term mortality, six
studies®? 12232433 were included in meta-analysis, of which
one?* was considered as high quality. We found no benefits
in reducing the long-term mortality with use of hypocaloric
feeding (RR=0.95, 95% Cl: 0.88-1.03, /2 =0%; TSA-adjusted
95% Cl: 0.83-1.11) (Fig. S6), TSA suggested that the required
information size of 5725 was exceed, regardless of whether
the dose of protein intake between groups was similar®2433
or different?®> and whether the study was single-center” 2333
or multi-center® 1224 (Fig. S7).

Incident of bloodstream infection, pneumonia, and
hypoglycemia

The incident of bloodstream infection was reported in five
studies,®'2232433 the incident of pneumonia was in five
studies,®'" 22333 and the incident of hypoglycemia was
in six.®13232433.34 The cumulative meta-analyses demon-
strated that hypocaloric feeding, when compared with
standard feeding, had no effects on the incident of blood-
stream infection (Figs. S8 and S9), pneumonia (Figs. $10
and S11), or hypoglycemia (Figs. $S12 and S13), regardless
of the trials quality, the design type of trials and whether
the dose of protein intake between groups was similar or dif-
ferent. However, these results were not robust because no
boundaries were crossed in the TSA for the three outcomes,
indicated that these results could be changed when future
trials were included.

Incident of Gl intolerance

We identified five studies®'9-'2.2* reported data on the inci-
dent of Gl intolerance, one?* trial had a low risk of bias.
Hypocaloric feeding could result in a lower incident of Gl
intolerance compared to standard feeding (RR=0.78, 95%
Cl: 0.70-0.87, p<0.001, I*=11.4%) (Fig. S14), which was
confirmed by TSA (TSA-adjusted 95% Cl: 0.67-0.90, D* =21%)
and the trial sequential monitoring boundary for benefit was
crossed (Fig. S15), a similar results were found in the sub-
analysis of multi-center trials.®'>'* In the sub-analysis of
trials received similar dose of protein®?* and trials received
different dose of protein'®'" and single-center trials,'®"" we
also found a lower incident of Gl intolerance in hypocaloric
feeding group, however this benefits disappeared after
adjustment with TSA (Fig. $15).

Analysis of the tertiary outcomes

In the meta-analyses of 10 trials®?"1-13,23-25.33,34 jnyolving
the duration of ICU stay, 7 trials®®!"23:24.33.34 jnvolving in-
hospital stay, and 10 trials®-"3242%33.34 jnyvolving duration of
MV, hypocaloric feeding was not superior to standard feeding
in reducing the duration of MV (Fig. S16), ICU stay (Fig. 517),
or in-hospital stay (Fig. $18). Furthermore, these results
were not changed in sub-analysis of trials stratified based
on the trials quality, the design type of trials and the dose
of protein intake, however, hypocaloric feeding was associ-
ated with a longer ICU stay in sub-analysis of multi-center
trials® 1224 (Fig. S17C).
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The quality of evidence

The overall quality of evidence was evaluated for all out-
comes, we presented the summary of findings and the
reasons for downgrading the quality in Table 2.

Discussion

This meta-analysis of RCTs with trial sequential analysis
suggested a firm conclusion that hypocaloric enteral feed-
ing compared with standard feeding could not reduce the
short-term mortality, long-term mortality, or incident of
nosocomial infection in critically ill patients, future stud-
ies aimed to detect a 15% relative risk reduction in the
above indicators are futile. Additionally, hypocaloric enteral
feeding had also no effects on the bloodstream infection,
pneumonia, hypoglycemia, and the duration of MV, ICU stay,
or in-hospital stay. However, hypocaloric enteral feeding was
associated with a significantly lower incident of Gl intol-
erance. The above results were unchanged in sub-analysis
of trials received similar dose of protein or trials received
different dose of protein, thus we can speculate that the
difference of protein intake between groups might have
no influence on the outcome effects of hypocaloric enteral
feeding

Regarding the potential mechanisms for outcome bene-
fits, EN can modulate the immune response and reduce the
oxidative stress and infections by delivering with nutrients
and limiting the bacterial translocation through mainte-
nance of gut integrity,®733¢ hence EN is encouraged to
commence early within 24-48h of ICU admission.*> 3537
However, early EN is faced with a dilemma that delay in gas-
tric emptying and incomplete nutrients absorption always
occur in the acute phase of critical illness,®3° which will
happen more frequently when early EN is supplied with full
calories. Furthermore, early full caloric feeding might blunt
the autophagy, resulting in an inadequate clearance of dam-
aged cells, reduced myofibre quality, and increased muscle
weakness.> Thus, provision of full caloric enteral nutri-
tion in the early phase of critical illness might not result
in anabolism, and its potential harms could counterbalance
the desired benefits. Summarily, standard full caloric EN may
be not physiological for patients in the early phase of crit-
ical illness. Over the past decades, numerous studies were
conducted to investigate the optimal caloric dose required
for critically ill patients, a consistent results were obtained
from several meta-analyses of RCTs'“""7:404! and indicated
that hypocaloric feeding have no effects on the clinical out-
comes in critically ill patients, our meta-analysis revealed
a similar results, and we also found that hypocaloric feed-
ing have benefits in reducing the incident of Gl intolerance
compared with standard feeding, which was similar with the
results from the review by Tian et al.'® Additionally, our
study revealed no benefits on bloodstream infection, pneu-
monia, or hypoglycemia. However, the systematic review by
Al-Dorzi et al.*° suggested that lower caloric intake was asso-
ciated with lower incident of blood stream infection, this
study had a relatively less stringent inclusion criteria that
included RCTs compared two different doses of EN without

restrictions on the percentage of daily caloric dose to
caloric requirement, it might contribute to these disparate
results.

When compared with previous meta-analyses, #7401
some major differences regarding the methodology should
be mentioned. With respect to the inclusion criteria, the
study by Ridley et al.’* included RCTs that compared delivery
of daily caloric intake of > 80% to < 80% of predicted energy
requirements. However, the ESPEN guidelines* defined
hypocaloric feeding as daily delivery of caloric intake <70%
of energy expenditure. In addition, a retrospective cohort
study found a significantly non-linear (U-shaped) relation-
ship between the proportion of daily mean caloric dose to
resting energy expenditure and 60-day mortality, the lowest
mortality was located at the minimum point of the U-shaped
curve, represented 70% of resting energy expenditure.®
Hence, we set 70% as the critical value to make a dis-
tinction between hypocaloric feeding and standard feeding.
Regarding the subgroup analysis, the influence of protein
intake on the estimated effects of hypocaloric feeding was
explored. In recent, the interdependence between energy
and protein has been highlighted,*** there are several stud-
ies demonstrated that delivery of higher protein are more
effective than higher calorie in reducing mortality in criti-
cally ill patients,?"*> we hypothesize that the dose of protein
intake could affect the effectiveness of hypocaloric feeding
on clinical outcomes. However, our study did not find any
association between the dose of protein intake and the out-
come effects of hypocaloric feeding, suggesting no influence
of protein dose on the effects of caloric intake on clini-
cal outcomes, the systematic review by Davies et al.* also
demonstrated that delivery of varying amounts of protein
was not associated with any effect on mortality. This neg-
ative findings mighty attribute to the different nutritional
risk of enrolled patients in included RTCs. A observational
study”’ also found that greater protein and energy intake are
associated with a lower mortality in nutritionally high-risk
patients but not in nutritionally low-risk patients. However,
most RCTs included in this meta-analysis did not report
data on the nutritional risk, thus the relationship of pro-
tein intake and caloric intake in term of improvement
of outcomes still needs high quality randomized trials to
confirm.

This meta-analysis has several strengths. Firstly, more
participants were included in this meta-analysis. Our study
identified a total of 11 RCTs and included nearly 7000 sub-
jects, the number of participants are twice as much as that
of previous meta-analyses.'* 74041 Therefore, this meta-
analysis with a larger sample size would decrease, at least in
part, the sampling errors and selective bias, and reveal the
effects of daily caloric dose on prognosis more objectively.
Secondly, different from the previous reviews, 4174041 trial
sequential analysis was conducted in this study to pre-
vent the increased risk of random errors resulted from
repeated significance testing and sparsity data in cumulative
meta-analyses and calculate the required information size.
Meanwhile, the thresholds of significance were adjusted
based on the number of outcomes because of the increased
family-wise error rate derived from multiple hypothesis
tests, this is another methodological strength in our study.
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Finally, we assessed and rated the overall quality of evi-
dence for all outcomes according to the GRADE approach,
this approach could provide a compelling guidance for the
clinician to determine the credibility of our evidence.

Nevertheless, there are also several limitations in this
study. First, the potential clinical heterogeneity is a chal-
lenge for making the firm conclusion about the effect of
hypocaloric feeding on outcomes. We noticed that the
potential clinical heterogeneity might be substantial in
consideration of the different enteral nutrition formulas,
different energy measure method, or different route of
enteral nutrition delivery between included trials. How-
ever, it is hard to conduct a subgroup analysis based on the
abovementioned factors due to the limited information on
these factors in included trials. Second, we did not conduct
TSA for the tertiary outcomes, and a significant hetero-
geneity in the analysis of tertiary outcomes was observed,
hence, the pooled results of conventional meta-analyses
for the tertiary outcomes should be interpreted carefully.
Additionally, there is a big difference in the number of sub-
jects between included trials, the possible overestimation
of effect size in studies with a small sample size should be
considered when interpreting the results. Lastly, a potential
overlaps of daily caloric dose exists between the hypocaloric
and standard feeding group. It is noteworthy that the
methods used to measure the goal caloric requirements,
including indirect calorimetry,®'%2® fixed prescription
(e.g. 25-30kcal/kg/day),"""'32434 Schofield equoration,?*
and Harris-Benedict equation,®* were largely different
between the included trials, it is likely that the pre-
dictive equations will underestimated or overestimated
the actual caloric requirements measured by the indirect
calorimetry.”® Given the small gap in the proportion of
daily caloric intake to goal caloric requirements between
the hypocaloric and standard feeding group (15-69% in the
hypocaloric group, 71-103% in the standard group), the dif-
ferent measure method might result in a potential overlaps
of daily caloric dose between groups, which should also be
considered in interpretation of the results.

Conclusion

Hypocaloric enteral feeding was not superior to standard
enteral feeding in improving clinical outcomes in critically ill
patients. Considering its beneficial effects on Gl intolerance
without increased risk of hypoglycemia, hypocaloric enteral
feeding may be more suitable for critically ill patients in the
early phase of critical illness. In addition, we can speculate
that the difference of protein intake between hypocaloric
feeding group and standard feeding group might have no
influence on the outcome effects of hypocaloric enteral
feeding, but it still needs more high quality trials to confirm.
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