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Abstract

Rationale: The optimal nutritional strategy for critically ill adults at
high nutritional risk is unclear.

Objectives: To examine the effect of permissive underfeeding
with full protein intake compared with standard feeding on
90-day mortality in patients with different baseline nutritional risk.

Methods: This is a post hoc analysis of the PermiT (Permissive
Underfeeding versus Target Enteral Feeding in Adult Critically Ill
Patients) trial.

Measurements and Main Results: Nutritional risk was
categorized by the modified Nutrition Risk in Critically Ill score, with
high nutritional risk defined as a score of 5-9 and low nutritional risk
asa score of 0-4. Additional analyses were performed by categorizing
patients by body mass index, prealbumin, transferrin, phosphate,
urinary urea nitrogen, and nitrogen balance. Based on the Nutrition
Risk in Critically Il score, 378 of 894 (42.3%) patients were

categorized as high nutritional risk and 516 of 894 (57.7%) as low
nutritional risk. There was no association between feeding strategy
and mortality in the two categories; adjusted odds ratio (aOR) of
0.84 (95% confidence interval [CI], 0.56-1.27) for high nutritional
risk and 1.01 (95% CI, 0.64-1.61) for low nutritional risk (interaction
P =0.53). Findings were similar in analyses using other definitions,
with the exception of prealbumin. The association of permissive
underfeeding versus standard feeding and 90-day mortality
differed when patients were categorized by baseline prealbumin
level (<0.10 g/L: aOR, 0.57 [95% CI, 0.31-1.05]; >0.10 and <0.15
g/L: aOR, 0.79 [95% CI, 0.42-1.48]; >0.15 g/L: aOR, 1.55 [95% CI,
0.80, 3.01]; interaction P = 0.009).

Conclusions: Among patients with high and low nutritional risk,
permissive underfeeding with full protein intake was associated with
similar outcomes as standard feeding.
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At a Glance Commentary

Scientific Knowledge on the
Subject: Should nutritional support
be different among critically ill patients
based on their baseline nutritional
status? There is a dearth of randomized
controlled trial data regarding the
optimal nutritional strategy in patients
at high nutritional risk.

What This Study Adds to the
Field: Among patients with high and
low nutritional risk, permissive
underfeeding with full protein intake
was associated with similar 90-day
mortality as standard feeding. Neither
the Nutrition Risk in Critically Ill score
nor other baseline nutritional variables
could identify who may benefit from
full caloric intake.

Recent randomized controlled trials (RCTs)
of restricted caloric intake compared with
standard feeding showed no difference in
mortality in critically ill patients (1-3).
However, it has been suggested that caloric
intake should be targeted based on the
underlying nutritional status. Observational
studies have found that full caloric intake
was associated with improved outcomes in
critically ill adults at high nutritional risk
(4, 5). Conversely, other observational
studies have suggested that malnourished
patients are at high risk of refeeding
syndrome with its adverse consequences,
and thus recommend a restricted caloric
strategy for these patients (6). There is a
dearth of RCT data regarding the optimal
nutritional strategy in patients at high
nutritional risk. Only one RCT has
compared restricted with standard caloric
intake in critically ill patients with refeeding
syndrome, defined as hypophosphatemia
within 72 hours of initiation of nutrition
(7). Although the number of days alive after
intensive care unit (ICU) discharge did
not differ between the two groups, caloric
restriction was associated with more
patients alive at Day 60 and longer

overall survival. However, whether these
patients were at high nutritional risk is
unclear, because the average body mass
index (BMI) in the study population was
28 kg/m? and only 3% of patients had a
BMI less than 18 kg/m®. Therefore, the
optimal caloric intake during critical

illness in patients at high nutritional risk
remains unclear.

A major challenge in tailoring nutrition
in critically ill patients is the lack of
consensus regarding the definition of
nutritional risk (8). The Nutrition Risk in
Critically Ill (NUTRIC) score has been
proposed to quantify nutritional risk
and identify critically ill patients most
likely to benefit from aggressive nutrition
therapy (4). The score includes age,
Acute Physiology and Chronic Health
Evaluation II score, Sequential Organ
Failure Assessment score, number of
comorbidities, days from hospital
admission to ICU admission, and IL-6.

A modified version of the NUTRIC score
which excludes IL-6 has been validated in
an observational study; the total score
ranges from 0 to 9 with increasing scores
indicating higher nutritional risk (5).

A strong association was found between
nutritional adequacy and 28-day survival in
patients with a high NUTRIC score; this
association diminished with decreasing
NUTRIC score (5). Based on this finding,
the NUTRIC score has been proposed to
identify critically ill patients most likely
to benefit from optimal amounts of
macronutrients (5, 8). Other commonly
used measures of nutritional risk

include BMI, prealbumin (also called
transthyretin), transferrin, serum
phosphate, urinary urea nitrogen

(UUN), and nitrogen balance. With the
exception of phosphate (7) the value of
these measures in guiding nutritional
support has not been examined in an
RCT setting (9-11).

The objective of this analysis was to
examine the effect of permissive caloric
underfeeding compared with standard
feeding on 90-day mortality in critically
ill adults stratified by baseline nutritional
status, using the NUTRIC score and other
common measures of nutritional risk.

Methods

Study Design

This was a post hoc analysis of the PermiT
(Permissive Underfeeding versus Target
Enteral Feeding in Adult Critically Ill
Patients) trial, an unblinded pragmatic RCT
conducted in seven tertiary-care centers

in Saudi Arabia and Canada (ISRCTN
Registry: ISRCTN68144998) between
November 2009 and September 2014.
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The institutional review boards of the
participating centers approved the study,
and informed consent was obtained

from surrogate decision makers before
enrollment. In this trial, 894 patients

were randomized to permissive
underfeeding (with a goal of 40-60%
caloric requirement) or standard

feeding (with a goal of 70-100% caloric
requirement) with a goal of similar
protein intake (1.2-1.5 g/kg/day) in both
groups. Complete details of the study
protocol and results have been previously
published (2, 12). The trial found no
difference in the primary endpoint of
90-day mortality between the permissive
and standard feeding groups (relative risk,
0.94; 95% confidence interval [CI],
0.76-1.16; P=0.58).

Nutritional Risk

We used the validated modified NUTRIC
score to categorize patients as high
nutritional risk if their score was 5-9, and
low nutritional risk if their score was 0-4.
We also categorized patients based on BMI
(weight in kilograms divided by the square
of the height in meters [kg/mz]) measured
on the day of ICU admission using the
World Health Organization criteria as
underweight (<18.5 kg/m?), normal weight
(18.5-24.99 kg/m?), overweight (25.0-29.99
kg/m?), obese (30.0-40 kg/m?), or very
obese (>40 kg/mz) (13). Patients were
categorized based on the lower limit of
the laboratory reference value for baseline
phosphate less than or equal to 0.70
mmol/L and greater than 0.70 mmol/L, as
high and low nutritional risk, respectively.
Serum baseline prealbumin less than or
equal to 0.10 g/L was considered as an
indicator of severe nutritional risk, greater
than 0.10 and less than or equal to 0.15 g/L
mild to moderate risk, and greater than
0.15 g/L no risk (14, 15). Baseline
transferrin values of less than or equal to
1.0 g/L were considered as an indicator of
severe nutritional risk, and greater than

1 g/L as no to moderate nutritional risk
(15). We categorized patients based on
UUN using the median of the cohort as a
cutoff value. We calculated nitrogen
balance on Day 1 as follows: total

protein intake in grams/6.25 - (UUN in
mmol/35.7) + 4 g. A negative balance (<0)
is a marker of catabolism, and a positive
balance (>0) indicates anabolism (11).
Baseline phosphate, prealbumin, and
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transferrin were obtained at the time of
enrollment. Baseline UUN was collected in
the first 24 hours after enrollment.

Outcomes

For the high- and low-nutritional-risk
groups categorized by NUTRIC score,
we compared the permissive
underfeeding and the standard feeding
groups for the primary endpoint of
90-day mortality. Secondary outcomes
included ICU, 28-day, hospital, and
180-day mortality; mechanical ventilation
duration; ICU and hospital lengths of
stay; hypoglycemia; hypokalemia;
hypomagnesemia; hypophosphatemia;
packed red blood cells transfusions;
feeding intolerance and diarrhea in the
first 14 ICU days; and ICU-associated
infections during the ICU stay (using
published definitions [16]). Between the
permissive underfeeding and standard
feeding groups, we compared Sequential
Organ Failure Assessment score, serum
phosphate and potassium, prealbumin,
transferrin, UUN, nitrogen balance,
bilirubin, Paco,, hemoglobin, and weight,
and examined changes in these variables
over time. We conducted additional
analyses to examine high and low
nutritional-risk categories using other
definitions with 90-day mortality as a
primary outcome and ICU-associated
infections and incident renal-replacement
therapy (RRT) as secondary outcomes.
Because our analysis showed that
prealbumin was a significant effect
modifier of the association of the feeding
intervention and mortality, we performed
supplementary analyses of baseline
characteristics, intervention, and
outcomes stratified by prealbumin level.

Statistical Analysis

Categorical variables were compared
using the chi-square test. Continuous
variables were tested for normality;
accordingly they were reported as means
and SD or medians and quartiles 1 and 3
(Q1-3) and were tested using the Student’s
t test or Wilcoxon-Mann-Whitney test.
Confounding effect is expected to have
been controlled by the randomized design
of the original study, which is expected
to be true for the current analyses
(stratified by variables based on baseline
characteristics). Nevertheless, to further
control for any residual confounding
effect, we examined the association of
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the intervention and different outcomes
after adjustment for a priori selected
variables known to be clinically associated
with the outcome (Acute Physiology
and Chronic Health Evaluation II,
baseline creatinine, and sepsis) using
logistic and linear regression analyses, as
appropriate. Variables were maintained
in the model if P value was less than
0.25. Results of the associations were
reported as adjusted odds ratio (aOR) or
correlation coefficient and 95% CI. We
added an interaction term to test for effect
modification of the nutritional-risk group
on the association of the intervention and
outcomes. Kaplan-Meier survival curves
were compared using the log-rank test.
For serial measurements, we tested
between-group difference, change over time,
and between-group difference over time
using repeated measures analysis of variance
with no imputation for missing values. We
performed retrospective power analyses to
provide an indication of the smallest
difference between the intervention and
control groups in the two nutritional-risk
categories. In the high-nutritional-risk
group, the available sample size (189 in
each group) would yield 80% power to
detect a 14.4% difference in 90-day
mortality. In the low-nutritional-risk
group, the available sample size (259
and 257 patients in the two study
groups) would yield an 80% power to
detect an 8.8% difference in 90-day
mortality. Tests were two-sided and
statistical significance was determined at
P less than 0.025 as per the Bonferroni
correction for multiple testing. Analyses
were conducted using SAS version 9.2
(SAS Institute, Cary, NC).

Results

Patient Characteristics

Of the 894 patients, 378 (42.3%) were
categorized as high nutritional risk (NUTRIC
score 5-9) and 516 (57.7%) patients as low
nutritional risk (NUTRIC score 0-4). In
each nutritional-risk category, demographic,
physiologic, and nutritional characteristics
of patients randomized to the permissive
underfeeding and standard feeding groups
were similar (Table 1).

Feeding Data and Cointerventions
In both NUTRIC nutritional-risk categories,
patients in the permissive underfeeding

group received fewer calories than the
standard feeding group; however,
both groups received similar protein
throughout the study period (Table 2,
Figure 1). Other cointerventions and
nutrition-related data are shown in
Table 2 and Figure 1.

Mortality

The association between permissive
underfeeding versus standard feeding
and mortality was nonsignificant in the
two categories; aOR of 0.84 (95% CI,
0.56-1.27) for high nutritional risk and
aOR of 1.01 (95% CI, 0.64-1.61) for low
nutritional risk (interaction P =0.53)
(Table 3). Similarly, there were no
differences in ICU, hospital, 28-day, or
180-day mortality between the two
groups. Kaplan-Meier survival estimates
demonstrated no difference in the
probability of survival between the two
groups in either nutritional-risk category
(Figure 2).

Other Endpoints
In patients at high nutritional risk,
incident RRT was less frequent in the
permissive underfeeding group (22 of
153; 14.4%) compared with the standard
feeding group (35 of 148; 23.7%; aOR,
0.45; 95% CI, 0.23-0.89; P=0.02).
However, in patients at low nutritional
risk, incident RRT was not statistically
different in the permissive underfeeding
group (7 of 253; 2.8%) compared with
the standard feeding group (10 of 248;
4.0%; aOR, 0.55; 95% CI, 0.18-1.66;
P=0.29). Test of interaction showed that
the association of the intervention and
incident RRT was not modified by the
nutritional-risk category (P value for
interaction = 0.61). Serial Sequential
Organ Failure Assessment scores, and
prealbumin, nitrogen balance, phosphate,
creatinine, bilirubin, Paco, hemoglobin,
body weight, potassium, transferrin, and
UUN did not differ between the two
groups in either nutritional-risk category
(Figure 1; see Figure E1 in the online
supplement). There were no differences
in any other variables, including
mechanical ventilation duration and
ICU lengths of stay, between the two
groups in either nutritional-risk category
(Table 3).

Analyses using other definitions for
nutritional risk. The associations of the
intervention with 90-day mortality,
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Table 1. Baseline Characteristics of Patients with High (NUTRIC Score 5 to 9) and Low Nutritional Risk (NUTRIC Score 0 to 4)
Randomized to Permissive Underfeeding and Standard Feeding

Variable

Age, yr, mean = SD
Female sex, n (%)
Admission category,
Medical
Surgical
Nonoperative trauma
Diabetes, n (%)
Sepsis, n (%)
Traumatic brain injury, n (%)
APACHE Il score, median (Q1-Q3)*
SOFA score on Day 1, mean = SD
Mechanical ventilation, n (%)
Vasopressor, n (%)
Renal-replacement therapy, n (%)
Inclusion blood glucose, mg/dl,
median (Q1-Q3)*
Inclusion blood glucose, mmol/L,
median (Q1-Q3)*
Creatinine, mg/dl, median (Q1-Q3)*
Creatinine, pmol/L, median (Q1-Q3)*
Bilirubin, mg/dl, median (Q1-Q3)*
Bilirubin, pwmol/L, median (Q1-Q3)*
Platelets, 10%L, median (Q1-Q3)*
INR, median (Q1-Q3)*
C-reactive protein, mg/L, mean + SD'
Hemoglobln g/L, mean = SD
BMI, kg/m?, median (Q1-Q3)*
NUTRIC score, mean = SD
Phosphate, mmol/L, mean =+ SDT
Albumin, g/L, mean *= SD
Prealbumin, g/L, median (Q1—QS)
Transferrin, g/L, mean + SD'
24-h urinary urea nltrogen mmol,
median (Q1-Q3)*"
Nitrogen balance, g, mean = SDT
Time from eligibility to randomization,
h, median (Q1-Q3)*

n (%)

High-Nutritional-Risk Group

(NUTRIC 5-9) (n =378)

Low-Nutritional-Risk Group

(NUTRIC 0-4) (n =516)

Permissive
Underfeeding
(n=189)

60 + 17
87 (46.0)

1
1

26 (22-31)
11.8+3.0
186 (98.4)
116 (61.4)
35 (18.5)
199 (146-262)

11.1 (8.1-14.6)

1.44 (0.85-2.67)
127 (75-236)
0.87 (0.51-1.80)
14.9 (8.8-30.9)
146 (83-240)
1.3 (1.1-1.5)
127 + 86
99 + 22
27.7 (23.5-35.0)
5.88 = 0.88
1.14 + 0.57
276+ 8.6
0.11 (0.08-0.16)
1.29 + 0.53
229 (104-377)

—4.40 * 6.42
4.0 (0.0-17.0)

Standard
Feeding
(n=189)

63 + 14
81 (42.9)

41217
187 (141-246)

10.4 (7.9-13.7)

1.53 (0.94-3.04)
135 (83-269)
0.91 (0.52-1.71)
15.6 (8.9-29.3)
183 (98-278)
1.3 (1.1-1.6)

133 + 91

101 + 21
28.7 (24.6-34.9)

5.94 + 0.97

1.12 + 0.51

26.7 = 5.9
0.10 (0.07-0.14)

1.22 +0.49

199 (108-314)

—3.76 = 6.02
2.3 (0.0-13.1)

P Value

0.06
0.53

0.47

0.92
0.10
0.79
0.46
0.49
0.13
0.75
0.44
0.35

0.35

0.20
0.20
1.0

1.0

0.01
0.31
0.56
0.49
0.35
0.54
0.79
0.24
0.04
0.20
0.15

0.44
0.16

Permissive
Underfeeding
(n =259)

43+18
69 (26.6)

250 (96.
139 (53.7)
6 (2.3)
155 (124-200)

8.6 (6.9-11.1)

0.84 (0.69-1.06)
74 (61-94)
0.70 (0.47-1.25)
11.9 (8.0-21.4)
200 (141-262)
1.2 (1.1-1.3)
133+ 76
109 + 23
27.1 (23.1-32.0)
2.88 = 1.09
0.86 = 0.33
28.4+5.8
0.13 (0.10-0.16)
1.40 + 0.44
268 (197-383)

~5.85+5.37
2.0 (0.0-12.0)

Standard
Feeding
(n=257)

42+18
83 (32.3)

165 (64 2)

248 (96.5)
124 (48.3)
8 (3.1)
151 (121-211)

8.4 (6.7-11.7)

0.78 (0.67-1.09)
69 (59-96)
0.76 (0.48-1.24)
13.0 (8.2-21.2)
199 (147-252)
1.2 (1.1-1.3)

119+ 74
110 + 23
27.3 (23.5-32.0)
2.86 = 1.06
0.90 = 0.35
29.3+5.6
0.13 (0.11-0.17)
1.49 + 0.48
286 (205-422)

—6.48 = 7.03
1.0 (0.0-11.7)

P Value

0.49
0.16

0.12

0.62
0.28
0.42
0.71
0.90
0.99
0.22
0.58
0.94

0.94

0.20
0.20
0.61
0.61
0.80
0.65
0.05
0.53
0.58
0.86
0.14
0.08
0.29
0.05
0.13

0.33
0.68

Definition of abbreviations: APACHE Il = Acute Physiology and Chronic Health Evaluation II; BMI

=body mass index; INR =

NUTRIC = NUTrition Risk in the Critically lll; Q = quartile; SOFA = Sequential Organ Failure Assessment.
NUTRIC score ranges from 1 to 9 based on age, APACHE, SOFA, number of comorbidities, and days from hospital to intensive care unit admission.
*Testing using Wilcoxon-Mann-Whitney test.
"Data on laboratory values were not available for some patients; the numbers of patients with available data were as follows: C-reactive protein, 717
patients; prealbumin, 675 patients; transferrin, 720 patients; 24-hour urinary nitrogen excretion, 597 patients; phosphate, 854 patients; nitrogen balance,

596 patients.

ICU-associated infections, and incident

RRT were not modified by the
nutritional-risk category using other

nutritional status indicators, including

BMI, phosphate, transferrin, 24-hour

UUN, and nitrogen balance (Table 4).
The only exception was prealbumin; the
association of permissive underfeeding

versus standard feeding with 90-day

mortality differed by baseline prealbumin
level (prealbumin <0.10 g/L aOR 0.57,
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95% CI, 0.31-1.05, P=0.07; prealbumin
>0.10 and <0.15 g/L aOR 0.79, 95% CI,

international normalized ratio;

interventions, and outcomes is provided in
the Tables E1-E3.

0.42-1.48, P =0.46; prealbumin >0.15 g/L
aOR 1.55, 95% CI, 0.79-3.01, P=0.20;

P value for interaction = 0.009) (Table 4,
Figure 2). The association between the
intervention and incident RRT and
ICU-associated infections did not differ

across prealbumin groups. Detailed

stratified analysis based on prealbumin

categories of baseline characteristics,

Discussion

In patients at high and low nutritional risk
defined by the NUTRIC score, enteral
feeding to deliver moderate nonprotein
calories was associated with similar
mortality compared with planned delivery
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Table 2. Study Interventions and Cointerventions in Patients with High (NUTRIC Score 5-9) and Low (NUTRIC score 0-4) Nutritional
Risk Randomized to Permissive Underfeeding and Standard Feeding

Variable

Interventions, mean = SD
Calculated caloric requirement, kcal/d
Study caloric target, kcal/d
Achieved daily caloric intake, kcal
% of requirement achieved
Caloric source, kcal
Enteral
Propofol*T
Dextrose*
PN
Calculated protein requirement, g/d
Achieved protein intake, g/d
% of requirement achieved
Duration of intervention, d
Cointerventions
Received insulin, n (%)
Daily insulin dose, units, median (Q1-Q3)*
Formulae, n (%)
Disease nonspecific
Disease specific

High-Nutritional-Risk Group (n =378)

Low-Nutritional-Risk Group (n =516)

Permissive Standard
Underfeeding Feeding
(n=189) (n=189) P Value
1,747 + 355 1,744 + 336 0.93
987 + 243 1,736 = 340 <0.0001
799 + 277 1,216 = 420 <0.0001
45.8 +12.3 70.7 =227 <0.0001
719 + 271 1,137 =427 <0.0001
452 +72.7 451 = 73.7 0.97
34.1 £ 504 35.2 +58.2 0.83
48 +46.4 3.6+41.0 0.71
82.7 +22.0 82.2+21.2 0.83
55.6 +22.1 54,4 +225 0.62
68.4 + 23.3 68.0 = 26.8 0.89
92+44 9.6 4.3 0.36
122 (64.6) 137 (72.5) 0.10
8.2 (0.0-36.5) 17.6 (0.0-39.9) 0.07
72 (38.1) 63 (33.3) 0.33
117 (61.9) 126 (66.7)

Permissive Standard
Underfeeding Feeding
(n =259) (n=257) P Value
1,877 + 384 1,916 = 377 0.26
1,073 £ 270 1,893 +386  <0.0001
862 + 308 1,360 + 491 <0.0001
46.4 = 14.8 71.1+21.3 <0.0001
756 + 309 1,243 +495  <0.0001
76.6 = 96.0 78.9 = 95.6 0.82
31.0 = 64.6 34.6 +61.4 0.08
1.0+147 6.5 +69.4 0.39
87.1 = 20.6 91.5 + 23.1 0.02
58.5 + 251 62.8 + 26.1 0.06
68.1 +25.2 69.1 +24.3 0.65
9.0+46 92+44 0.51
83 (32.1) 98 (38.1) 0.15
0.0 (0.0-6.8) 0.0 (0.0-10.8) 0.12
198 (76.5) 180 (70.0) 0.10
61 (23.6) 77 (30.0)

Definition of abbreviations: NUTRIC = NUTrition Risk in the Critically Ill; PN = parenteral nutrition; Q = quartile.
Disease-nonspecific formula: Osmolite, Jevity, Promote, Ensure plus, Resourse, Ensure, Resource plus, and Jevity (1.2).
Disease-specific formula: Glucerna, Nutric hepatic, Nepro, Pulmocare, Novasource Renal, Peptamen (1.0), Peptamen (1.2), Suplena, and Oxepa.

*Testing using Wilcoxon-Mann-Whitney test.

TCalories from propofol, dextrose, and PN are reported as means = SD, although they are not normally distributed to be consistent with other variables

related to calories, which were normally distributed.

of full nonprotein caloric requirements.
Our study shows that the most current
definitions for nutritional risk, including the
NUTRIC score, could not differentiate the
risk association between moderate versus
full caloric intake and outcomes. However,
permissive underfeeding compared with
standard feeding had different effects based
on baseline prealbumin; patients with low
prealbumin levels may have lower 90-day
mortality if they received permissive
underfeeding compared with standard
feeding.

Our study indicates the limitations of
available measures proposed for assessing
nutritional risk. We found no difference in
mortality or any other studied endpoint
between high- and low-nutritional-risk
groups defined by NUTRIC or most other
measures. The NUTRIC score, which is
based on nonnutritional data, has been
proposed for this purpose based on the
finding of improved survival in patients
with high NUTRIC scores in a post hoc
analysis of a 1,199-patient RCT (5).
However, our study does not validate
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this finding, because we found that

the NUTRIC score cannot be used to
differentiate between who may or may not
benefit from different caloric dosing. Given
that nutritional adequacy was defined
retrospectively in the observational cohort
(5), the influence of residual confounding
effects cannot be excluded, which is
probably responsible for the discordant
results of many observational nutritional
studies in critical care. Among all
examined indicators in our study, baseline
prealbumin differentiated the risk
association of permissive underfeeding and
mortality; patients with low prealbumin
had lower mortality with permissive
underfeeding compared with standard
feeding. The use of admission prealbumin
level to predict response to nutrition has
also been demonstrated in a study of
hospitalized patients with anorexia
nervosa; patients with low prealbumin

had a threefold risk of refeeding
hypophosphatemia and a twofold risk of
hypoglycemia compared with patients with
normal prealbumin, independent of BMI

(17). However, we did not find differences
in the incidence of hypophosphatemia

or hypoglycemia in our study based on
prealbumin levels.

The risk of inducing refeeding
syndrome, defined as hypophosphatemia
after reinstituting nutritional support, in
malnourished ICU patients has been a
concern (18-20). We found no difference
in serial phosphate, potassium, and
magnesium levels between permissive
underfeeding and standard feeding groups
in both the high and low nutritional-risk
categories defined by NUTRIC score. A
recent RCT of restricted versus continued
standard caloric intake in patients with
refeeding syndrome found that the
restricted caloric group had slightly higher
phosphate level on Days 1 and 2 (difference
of 0.1 mmol/L), although phosphate
replacement dose and the number of
patients receiving phosphate replacement
did not differ between study groups (7).
Interestingly, the trial showed that this
high-risk group with refeeding syndrome
had higher hospital survival with restricted
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Figure 1. (A-F) Serial measurements of the intervention, cointerventions, and selected outcomes in patients randomized to permissive underfeeding
and standard feeding groups with stratification to high (NUTRIC score, 5-9) and low nutritional risk (NUTRIC score, 0-4). Means and 95% confidence
intervals are displayed. *Statistical significance for the difference between the two groups on each day. P values for between-group difference, change
over time, and between-group difference over time using repeated measures analysis of variance are given for each variable in the high— and the
low—nutritional-risk categories. Total scores on the Sequential Organ Failure Assessment range from 0O to 24, with higher scores indicating a greater degree
of organ failure. Nitrogen balance was calculated as [total protein intake in grams =+ 6.25] - [(urinary nitrogen excretion in millimoles <+ 35.7) + 4 g].
NUTRIC = NUTrition Risk in the Critically lll; SOFA = Sequential Organ Failure Assessment.
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Figure 1. (Continued).
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Figure 2. Kaplan-Meier survival curves for patients in the permissive underfeeding and standard feeding groups stratified by NUTRIC score (high
nutritional risk, NUTRIC score 5-9; low nutritional risk, NUTRIC score 0-4) and by prealbumin. NUTRIC = NUTrition Risk in the Critically Il

caloric feeding compared with standard
feeding (91% vs. 82%; absolute risk
difference, 9.2%; 95% CI, 0.7-17.7; P=
0.017), although mortality was a secondary
endpoint for the trial (7). These findings are
in line with our observation regarding
prealbumin, that certain patients with high
nutritional risk may have better outcomes
with a restricted nutritional strategy.

In both the high- and low-nutritional-
risk groups as defined by the NUTRIC
scores, we found no differences between
permissive underfeeding and standard
feeding in indices of protein status
including prealbumin, transferrin levels,
UUN, and nitrogen balance, keeping in
mind the limitations of these parameters in
assessing protein metabolism (21).

We also found no differences in
ICU-acquired infections with permissive
underfeeding versus standard feeding in
high or low nutritional-risk categories. In
a recent trial of restricted versus continued
standard caloric intake in patients with
refeeding syndrome, the restricted caloric
strategy was associated with a lower
incidence of infections than the standard
feeding strategy (7). However, this trial did
not include patients with no refeeding
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syndrome, therefore one cannot conclude
whether refeeding syndrome defined by
post-feeding hypophosphatemia is an effect
modifier of the caloric dose on outcomes.

In patients with high nutritional risk
(NUTRIC scores 5-9), those allocated to
permissive underfeeding had lower use of
incident RRT. Indeed, caloric restriction
has been shown to be renal-protective in
animal models of acute kidney injury
(22-24), via several mechanisms including
improved insulin sensitivity (24). Our
findings suggest a need for further research
on the optimal caloric dose in critically ill
patients with or at risk for acute kidney
injury.

It is important to note that the PermiT
trial restricted calories and not protein. In
contrast, the EDEN (Early Versus Delayed
Enteral Feeding to Treat People With Acute
Lung Injury or Acute Respiratory Distress
Syndrome) study limited both calories and
protein (1). The effects of both protein and
caloric restriction and whether the dose of
protein affects outcomes in patients with
high nutritional risk remains to be studied.

The strengths of this study include the
multicenter conduct and the pragmatic
inclusion of medical-surgical-trauma

critically ill adults, all of whom received
early initiation of feeding. Additionally, the
baseline characteristics of the groups of
permissive underfeeding and standard
feeding were balanced in both high and
low nutritional risk categories defined by
NUTRIC score. A limitation of this study is
the post hoc analysis. Given the number of
statistical tests, the significant associations
observed with prealbumin could be related
to multiple testing. Our study did not
address whether permissive underfeeding
versus standard feeding has a differential
effect on long-term outcome based on
underlying nutritional status.

Regarding nutrition and long-term
outcomes, an observational study of 302
adults receiving prolonged mechanical
ventilation (>8 d in the ICU) found that
receiving adequate energy in the first 8 days
of ICU stay was associated with improved
health-related quality of life at 3 months,
although this association became
nonsignificant by 6 months (25). However,
average BMI in the study population was
30.0 = 8.7 kg/m” and only 2% had BMI less
than 18.5 kg/m?; therefore, the results may
not be generalizable to patients with low
BML In a substudy of the EDEN trial, 174
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Table 4. Additional Analyses of Outcome of Patients Randomized to Permissive Underfeeding and Standard Feeding as

Categorized by Nutritional-Risk Definitions Other Than NUTRIC

Variables

90-d mortality*
BMI <18.5 kg/m?
BMI 18.5-24.9 kg/m
BMI 25.0-29.9 kg/m
BMI 30-39. 9kg/m
BMI =40 kg/m?
Phosphate <0.70 mmol/L
Phosphate >0.70 mmol/L
Prealbumin <0.10 g/L

Prealbumin >0.10 and <0.15 g/L

Prealbumin >0.15 g/L
Transferrin <1.0 g/L
Transferrin >1.0 g/L

24-h urinary urea nitrogen <262.5 mmol
24-h urinary urea nitrogen >262.5 mmol

Negative nitrogen balance
Positive nitrogen balance

New renal- replacement therapy

BMI <18.5 kg/m?

BMI 18.5-24.9 kg/m

BMI 25.0-29.9 kg/m

BMI 30-39. 9kg/m

BMI =40 kg/m?
Phosphate <0.70 mmol/L
Phosphate >0.70 mmol/L
Prealbumin <0.10 g/L

Prealbumin >0.10 and <0.15 g/L

Prealbumin >0.15 g/L
Transferrin <1.0 g/L
Transferrin >1.0 g/L

24-h urinary urea nitrogen <262.5 mmol
24-h urinary urea nitrogen >262.5 mmol

Negative nitrogen balance

Positive nitrogen balance
ICU-associated mfectlons

BMI <18.5 kg/m?

BMI 18.5-24.9 kg/m

BMI 25.0-29.9 kg/m

BMI 30-39. 9kg/m

BMI =40 kg/m?

Phosphate <0.70 mmol/L

Phosphate >0.70 mmol/L

Prealbumin <0.10 g/L

Prealbumin >0.10 and <0.15 g/L

Prealbumin >0.15 g/L
Transferrin <1.0 g/L
Transferrin >1.0 g/L

24-h urinary urea nitrogen <262.5 mmol
24-h urinary urea nitrogen >262.5 mmol

Negative nitrogen balance
Positive nitrogen balance

Permissive
Underfeeding
[n/N (%)]

7/22 (
36/128 (
36/127 (
33/128 (

9/40 (
29/125 (
84/298 (

28/98
23/124 (
30/111 (

38/90 (
52/268 (
49/160 (
27/143 (
58/258 (

18/44 (

2/117

8/22 (
51/129 (
45/127 (
40/130 (

17/40
57/126 (
102/300 (
33/98 (
62/125 (
42/111 (
34/90 (
107/269 (
66/160 (
61/145 (
112/260
14/44 (

Standard
Feeding
[n/N (%)]

4/19 (
39/116 (
31/133 (
38/125 (

14/46 (
23/110 (
97/313 (
45/102 (
30/128 (
19/108 (

36/89 (
61/269 (
44/146 (
27/143 (
53/235 (

18/54 (

13/125
14/106

5/103
12/72

7/19 (
39/120 (
57/133 (
47/126 (

19/47 |
41111 (
120/317 (
44/102 (
52/129 (
43/110 (
37/89 (
107/272 (
59/148 (
53/144 (
88/238
24/54 (

Adjusted Odds
Ratio (95% CI)

00000000000 =20W
00~ 00000 W©UINUITN W WM N©
PUONRXONOINDIDONO O

NA
(0.10-1.43)
(0.01-0.43)
(0.29-2.29)
(0.10-2.27)
(0.06-2.72)
(0.27-0.95)
(1.18-1.28)
(0.06-0.91)
(0.47-10.62)
(0.45-4.01)
(0.14-0.76)
(0.23-1.38)
(0.16-2.17)
(0.13-0.92)
(0.05-3.29)

O44 1404100200040 00000 -2ANOOOO0OO0OO

DU ONORNDORONNWO DROWOOUWWNMNNRODRD®OOW
NRO2NOOONRINTWOO® NROONRRR®O2OON G ®

AAAAAAAAAAAAAAAA
OCOO0O0O0O000000000 O
[}
¢
N
~
o

P Value

0.19
0.34
0.41
0.66
0.09
0.36
0.16
0.07
0.46
0.20
0.97
0.35
0.74
0.71
0.25
0.79

NA
0.15
0.006
0.70
0.35
0.35
0.03
0.14
0.04
0.31
0.60
0.01
0.21
0.43
0.03
0.41

0.97
0.25
0.23
0.27
0.87
0.20
0.31
0.17
0.14
0.99
0.60
0.91
0.67
0.36
0.52
0.29

0.36

0.13
0.009

0.54
0.99
0.78

0.74

0.95
0.08

0.03
0.77

0.74

0.35

0.10
0.42

0.48
0.58
0.23

P Value for
Interaction

Definition of abbreviations: BMI
Critically Il

=body mass index; Cl =

confidence interval; ICU =

intensive care unit; NA = not applicable; NUTRIC = NUTrition Risk in the

The association with different outcomes was adjusted to Acute Physiology and Chronic Health Evaluation Il score, creatinine level, and sepsis and is
reported as adjusted odds ratio with 95% CI.
*Ninety-day mortality was not available in nine patients.

acute lung injury survivors (mean BMI,

32 kg/m?) underwent long-term follow-up
with physical and cognitive evaluation (26).
At 6 and 12 montbhs, initial trophic versus

full enteral feeding had no effect on either
physical performance outcomes (upper
arm anthropometrics, muscle strength,
pulmonary function, 6-min-walk distance)

Arabi, Aldawood, Al-Dorzi, et al.: Nutritional Risk in Critically Il Adults

EDEN study enrolled relatively young
and overweight patients, and excluded

or cognitive function (26). However, the

underweight patients; therefore, the results
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of this study may not be generalizable to
other ICU patients. Additionally, there
was no stratification by baseline
nutritional status. Therefore, whether
moderate versus full caloric intake has
different effects in patients with high
and low nutritional risk on long-term
functional status and cognitive function

remains largely unknown and deserves
further study.

In conclusion, in patients with high
and low nutritional risk alike, enteral
feeding to deliver moderate calories
with full protein intake was associated
with similar mortality compared with
standard caloric feeding with full protein

requirements. Available nutritional
assessment measures do not seem

to differentiate the risk association of
moderate versus full caloric doses and
mortality risk.

Author disclosures are available with the text
of this article at www.atsjournals.org.
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