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Abstract
Background: Enteral nutrition (EN) increases hyperglycemia due to high carbohydrate concentrations while providing insufficient
protein. The study tested whether an EN formula with very high-protein- and low-carbohydrate-facilitated glucose control delivered
higher protein concentrations within a hypocaloric protocol. Methods: This was a multicenter, randomized, open-label clinical
trial with parallel design in overweight/obese mechanically ventilated critically ill patients prescribed 1.5 g protein/kg ideal body
weight/day. Patients received either an experimental very high-protein (37%) and low-carbohydrate (29%) or control high-protein
(25%) and conventional-carbohydrate (45%) EN formula. Results: A prespecified interim analysis was performed after enrollment
of 105 patients (52 experimental, 53 control). Protein and energy delivery for controls and experimental groups on days 1–5 were 1.2
± 0.4 and 1.1 ± 0.3 g/kg ideal body weight/day (P= .83), and 18.2 ± 6.0 and 12.5 ± 3.7 kcals/kg ideal body weight/day (P< .0001),
respectively. The combined rate of glucose events outside the range of >110 and �150 mg/dL were not different (P = .54, primary
endpoint); thereby the trial was terminated. The mean blood glucose for the control and the experimental groups were 138 (−SD
108, +SD 177) and 126 (−SD 99, +SD 160) mg/dL (P = .004), respectively. Mean rate of glucose events >150 mg/dL decreased
(� = −13%,P= .015), whereas that of 80–110mg/dL increased (� = 14%,P= .0007). Insulin administration decreased 10.9% (95%
CI, −22% to 0.1%; P = .048) in the experimental group relative to the controls. Glycemic events �80 mg/dL and rescue dextrose
use were not different (P = .23 and P = .53). Conclusions: A very high-protein and low-carbohydrate EN formula in a hypocaloric
protocol reduces hyperglycemic events and insulin requirements while increasing glycemic events between 80–110 mg/dL. (JPEN J
Parenter Enteral Nutr. 2018;00:1–10)
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Clinical Relevancy Statement

Stress hyperglycemia frequently occurs in critically ill pa-
tients independently worsening clinical outcomes. Insulin
is currently the main treatment for stress hyperglycemia,
but it is associated with side effects, limiting its utility. This
article pragmatically explores whether an enteral nutrition
formula containing higher protein and lower carbohydrate
concentrations may facilitate glucose control, decreasing
hyperglycemic events while reducing insulin utilizationwhen
used in a hypocaloric nutrition protocol.

Introduction

Nutrition for critically ill patients traditionally involves
the provision of moderate amounts of protein (0.6–
0.8 g/kg ideal body weight/day [IBW/d]) while delivering
energy aimed at meeting energy expenditures (22–25

kcals/kg IBW/d), which are similar to the basal metabolic
needs of normal adult individuals.1 Carbohydrates are
considered the main source of energy based on the concept
that they inhibit protein catabolism and could curtail muscle
loss in healthy individuals. Thus, standard clinical practice
is aimed at meeting caloric goals (so called normocaloric
nutrition),2 providing up to 50% of the energy in the form
of carbohydrates. The results of clinical trials, however,
have failed to show that a significant benefit is derived
from meeting caloric goals in an intensive care unit (ICU),
suggesting that individualized nutrition interventions need
to be considered. In fact, attempting to meet caloric goals
using traditional carbohydrate loads may be associated with
significant side effects.3-5

A particularly important side effect of normocaloric
nutrition is the development and/or worsening of existing
hyperglycemia.6 Hyperglycemia is frequently observed in
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critically ill patients. Hyperglycemia of critical illness (stress
hyperglycemia) is thought to be secondary to metabolic,
hormonal, and inflammatory factors and is independent
of the patient’s preexisting metabolic status, including the
presence of diabetes or obesity.7-9 ICU hyperglycemia is
considered a causative factor of poor clinical outcomes10

and is treated mainly with insulin.11 Following a landmark
clinical trial in 2001 and a pragmatic trial in 2009, target
glucose levels above 110 mg/dL and <180 mg/dL were
considered acceptable even though optimum glucose targets
are still debated.12,13 A recent assessment of the quality of
glycemic control, however, reported at least 1 episode of
hyperglycemia above 10 mmol/L (180 mg/dL) in 63% of
patients, whereas episodes of moderate and severe hypo-
glycemia were documented in 9% and 1%, respectively.14

These data suggest that, in the real world, there is ample
room for improvement, and new methods to achieve ade-
quate glucose control are needed.

The changes in understanding energy requirements has
also prompted a reassessment of the role of protein. Tradi-
tional goals for protein delivery are 0.8 g/kg/d, even though
in clinical practice patients tend to receive lower amounts
than those suggested.15 A positive nitrogen balance, reflect-
ing an improvement in protein anabolism, is observed by
increasing protein loads above 0.8 g/kg/d.16-18 Furthermore,
observational trials suggest that the provision of at least
1.2 g/kg/d is safe and may be associated with improved
clinical outcomes.19 Although the ideal concentration is yet
to be determined, new guidelines suggest that an increase in
protein requirements could be beneficial.2

Most currently available enteral and premade par-
enteral nutrition formulas were created based on tradi-
tional nutrition goals, may be inadequate at meeting new
guidelines, and are associated with side effects, includ-
ing worsening hyperglycemia. We thus hypothesized that
a formula containing lower carbohydrate concentrations
(providing 29% of total calories) and increased amounts of
protein (providing 37% of total calories) would facilitate

improved glucose control and avoid worsening of hyper-
glycemia (>150 mg/dL) while delivering protein require-
ments suggested by new guidelines. Herein we report testing
this hypothesis in an open-label multicenter trial focusing on
overweight and obese critically ill patients in medical ICUs
in multiple centers in the United States and Canada.

Methods

Study Participants

We conducted a multicenter, randomized, open-label clini-
cal trial with parallel design in theUnited States (6 sites) and
Canada (1 site; clinicaltrials.gov identifier: NCT02337556).
The design of the study was approved by the ethics board
of each hospital. Informed consent was obtained from all
patients prior to any study procedure.

Patients were eligible if they were mechanically venti-
lated, critically ill, overweight, and obese (body mass index
[BMI] 26–45) and required enteral nutrition (EN) for 5 days
or longer. Exclusion criteria included a history of surgery,
trauma, type I diabetes mellitus or diabetic ketoacidosis,
pregnancy, and requirement for parenteral nutrition. Pa-
tients with type II diabetes who were on insulin prior to
their admission were initially excluded; however, due to slow
recruitment, the protocol was amended to include these
patients.

Randomization

Patients were randomized to experimental or control EN
formulas. Randomization was dynamically stratified by
center using Medidata-Balance with equal allocation ratio.

Interventions

The experimental formula contained high-whey peptides
(37%) and low carbohydrates (29%) (Peptamen Intense
VHP, Nestlé Health Science, Bridgewater, NJ). The control

From the 1Division of Allergy, Pulmonary, and Critical Care Medicine, Department of Medicine, Vanderbilt University Medical Center,
Nashville, Tennessee, USA; 2Department of Internal Medicine—Pulmonary, Critical Care, Allergy and Immunologic Diseases, Wake Forest
School of Medicine, Winston-Salem, North Carolina, USA; 3University of Kentucky Healthcare, Lexington, Kentucky, USA; 4Division of
Endocrinology, Metabolism and Lipids, Emory University, Atlanta, Georgia, USA; 5Department of Critical Care Medicine, Queen’s University
and Kingston Health Science Center, Kingston, Ontario, Canada; 6The University of Chicago Medicine, Chicago, Illinois, USA; 7Department of
Critical Care Medicine, Regions Hospital, University of Minnesota, St. Paul, Minnesota, USA; 8Nestlé Research Center, Vers-chez-les-Blanc,
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Table 1. Composition Control and Experimental Enteral
Nutrition Formulas.

Control Experimental

Caloric density
(kcal/mL)

1 1

Protein (%) 25 37
Protein Source Casein Enzymatically

hydrolyzed whey
Carbohydrate (%) 45 29
Carbohydrate

source
Corn syrup,
maltodextrin,
dextrose

Maltodextrin, corn
starch

Dietary fiber (g/L) 0 4
Dietary fiber

source
Fructooligosaccharide,
inulin

Fat (%) 30 34
Fat source Canola oil, MCT MCT, fish oil, high

linoleic safflower oil,
soy bean oil

MCT:LCT 20:80 50:50
n6:n3 ratio 2.4:1 1.8:1
EPA and DHA

(g/L)
0 2

Free water (mL/L) 840 840
Osmolality

(mOsm/kg
water)

300 345

DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; LCT,
long-chain triglycerides; MCT, medium-chain triglycerides; N6:n3
ratio, ω-6 to ω-3 fatty acid ratio; mOsm/kg, milliosmoles/kilogram.

formula contained a standard polymeric protein (25%) and
high carbohydrates (45%; Replete, Nestlé Health Science,
Bridgewater, NJ; Table 1). Both EN formulae had the same
caloric density (1 kcal/mL). EN was initiated within 48
hours of admission into the study and advanced until
protein goal (1.5 g/kg IBW/d) was achieved. Because of the
difference in concentrations in nonprotein calories between
the 2 formulas, a protocol aimed at achieving the same
amount of protein would result in lower delivery of calories
in the experimental group conforming to a hypocaloric
regimen. Similarly, as the concentrations of protein in the
2 formulas were different, the volume of delivery of the
control formula was higher when compared with the experi-

mental formula to meet protein goals (Table 2). Analysis of
nutrition intake excluded the last ICU day because patients
were likely to be taken off EN around this time.

Outcomes and Data Sources

The primary endpoint was the difference in the mean rate of
glycemic events outside the range of >110 and �150 mg/dL
in the first 7 days in the ICU between the control and the
experimental groups. This was created by a composite score
of the following 2 secondary endpoints: (1) the mean rate
of glycemic events >150 mg/dL (hyperglycemia) added to
(2) the mean rate of glycemic events �110 mg/dL.

Secondary endpoints evaluated the distribution of glu-
cose events >80 and �110 mg/dL (normoglycemia), >110
and �150 mg/dL, and >150 mg/dL. The presence of
hypoglycemic events (�80 mg/dL) was also collected. Other
secondary endpoints included average glucose levels, ex-
ogenous insulin, and dextrose administration. Analysis of
biochemical differences between the 2 groups included
complete blood count, renal function tests, liver function
tests, serum electrolytes, C-reactive protein, ketones, serum
albumin level, and pre–serum albumin level. Clinical effects
including tolerance and adverse events were also followed
and coded according to the MedDRA dictionary.

Blood glucose levels were measured using point-of-care
bedside monitors or laboratory equipment available, allow-
ing each hospital to use their own quality-of-care standards.
Discretion was given to clinicians to prescribe insulin or
dextrose as clinically indicated through hospital protocols.

Data were captured online using electronic case report
forms. Computerized edit checks were performed to de-
tect discrepancies. The Clinical Data Management System
(Medidata) complied with Good Clinical Practice laws and
regulations for clinical study.

Sample Size

A sample size of 208 participants was required to detect a
difference of 10% between the 2 groups, with an assumed
standard deviation (SD) of 24% in glycemic event rate. The
sample size calculation considered an experiment wise false
positive rate of 5%, a power of 80%, and 2 interim analyses

Table 2. Calculated Nutrition Intake Per Treatment Group Based on IBW.

Group
Protein Goal

(g/kg) CHO (g/kg) Lipid (g/kg)
Calories
(kcal/kg)

Volume
(mL/hr)

Control 1.5 2.6 0.8 23.4 75.0
Experimental 1.5 1.2 0.6 16.3 51.6
Percent difference
experimental vs control

0 −53 −22 −30 −31

A different volume of the control and experimental formulas was necessary to achieve adequate protein goals (1.5 g/kg/d IBW) as is demonstrated
for a theoretical 75-kg individual. Differences in the delivery of total calories, carbohydrates, and lipids are also described. IBW, ideal body weight.
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usingO’Brien andFleming stopping boundaries. The design
included 2 planned interim analyses by an independent
data-monitoring committee for futility and safety. The trial
was terminated for futility after approximately half of the
patients were enrolled.20

Statistical Analysis

Glycemic events were calculated for each patient as a rate
of events outside the range of >110 and �150 mg/dL
divided by the number of glucose measurements during
the ICU stay. The difference of the rate of glycemic events
between the groups was analyzed by analysis of covariance
correcting for baseline glucose level and center. The analysis
was weighted by the number of measurements performed
for a participant.21

Frequency of corrective actions with the use of insulin
and the need for dextrose for hypoglycemia were analyzed
in a similar way as the rate of glycemic events. Serum
glucose, serum albumin level, pre–serum albumin level,
C-reactive protein, alkaline phosphatase, carbon dioxide,
bicarbonate, creatinine, hemoglobin A1C, and white blood
cell count were approximately log-normally distributed.
For log-normally distributed biochemistry variables, the
variation around the geometric mean, the mean ± SD on
the log scale was back-transformed to the original scale.
The following convention for normally distributed data
was used: mean ± SD, and for log-normal data: emean ,
emean−SD , emean+SD . Treatment differences on the log-scale
were interpreted as percent changes: d

dx log(x) = 1
x ⇒

dx
x = dlog(x). Biochemistry values were analyzed by anal-
ysis of covariance correcting for baseline and center. Serum
ketones were measured semiquantitatively (negative, trace,
positive), assigned categories of 0, 0.5, and 1, respectively,
and analyzed by a negative binomial model.

A post hoc analysis of the dispersion of blood glu-
cose levels was also performed. Dispersion was defined
as the differences in SD from the mean and compared
between groups.22 Because blood glucose is approximately
log-normally distributed, the mean and SD at the log-scale
were back transformed to the original scale, and a statistical
test on the ratio of the back-transformed SD of the 2 groups
was constructed using the � method.

Results

Enrollment concluded at the first planned interim analysis
after approximately half the patients were enrolled (June
2013–November 2016). Of the 106 patients that signed
informed consent, 105 were randomized, 102 patients pro-
vided glucose measurements, and 98 patients received EN.
Intention-to-treat analysis comprised 102 participants (52
control, 50 experimental; Figure 1). Mean hospital length
of stay was 4.17 ± 2.37 vs 4.12 ± 2.32 days in the control
vs experimental groups, respectively (P = .87). There was a

progressive daily attrition of patients mostly as a result of
clinical improvement including removal of the feeding tube
and discharge from the ICU (Figure S1, Table S1).

Demographics

Both groups were similar with regard to distribution of
diagnoses, age, BMI, and APACHE II scores. There were
more men and African Americans in the experimental
group. Most frequent diagnoses included acute respiratory
failure, pneumonia, and sepsis (Table 3). The average BMI
was 33.0 ± 5.8 kg/m2 and 33.4 ± 4.6 kg/m2 for the control
and experimental groups, respectively (Table 3). A total of
37 patients (16 in the control and 21 in the experimental
groups) were reported to have type II diabetes mellitus.
Average hemoglobin A1C at the time of randomization was
similar between groups: 6.1 (5.3, 7.1) g/dl and 6.1 (5.0, 7.4)
g/dl in the control and experimental groups, respectively.

Nutrition Intake

Protein intake was similar between the groups on days
1–5: 1.2 ± 0.4 g/kg IBW/d in the control group and 1.1 ±
0.3 g/kg/day in the experimental group (P = .83), achieving
approximately 80% of expected both protein and caloric
goals (Figure 2A). Total energy intake increased progres-
sively in the first 24 hours reaching 17.3 ± 7.7 kcals/kg
IBW/d in the control group and 13.7 ± 3.8 kcals/kg IBW/d
in the experimental group. These levels were maintained
throughout the ICU stay; the control group received 18.2 ±
6.0 kcals/kg IBW/d on average from days 1–5, whereas the
experimental group received 12.5± 3.7 kcals/kg IBW/d (P<

.0001; Figure 2B). The decrease in total energy intake in the
experimental group relative to the control group reflected a
decrease in carbohydrate load; the control patients received
126 ± 48 g/day on average on days 1–5, whereas the
experimental patients received 61 ± 22 g/day (P < .0001).

Effect of the EN Formula on Blood Glucose

A planned interim analysis revealed a lack of statistical
difference in the primary endpoint, defined as the difference
in the mean rate of glycemic events outside the range
of >110 and �150 mg/dL between groups (2.7%; 95%
confidence interval [CI], −6% to 11.5%; P = .54). As a
result, the study was stopped early, and analyses of safety
and secondary outcomes were completed.

There was a significant decrease in the mean rate of
hyperglycemic events >150 mg/dL in the experimental
group (−13%; 95% CI, −24% to −3%; P = .015) and a
corresponding increase in the mean rate of glycemic events
between >80 and �110 mg/dL (14%; 95% CI, 6% to 21%;
P = .0007), relative to the control group. There was no
difference in the mean rate of glycemic events in >110 and
�150 mg/dL (Figure 3). Therefore, the decrease in the mean
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Figure 1. Consort diagram of patients enrolled and followed during the study. AE, adverse event; ITT, intention to treat; SAE,
serious adverse event.

rate of glycemic events >150 mg/dL was similar in number
to the increase in the mean rate of glycemic events in >80
and �110 mg/dL, thus preventing the demonstration of a
statistical difference for the primary outcome.

Additional Analyses on Blood Glucose

No significant difference in the number of glucose events
�80 mg/dL (P = .23), events �60 mg/dL (P = .94), nor
mean frequencies of dextrose utilization (P = .53) was
observed.

Geometric mean glucose levels in the control group
during the first 7 days was 138 mg/dL (−SD 108, +SD 177)
compared with 126 mg/dL (−SD 99, +SD 160), reflecting a
10.8% decrease in average blood glucose (P = .004) in the

experimental group (Figure 4). In addition, in a post hoc
analysis, a significant reduction in dispersion from average
glucose levels (measured as the SD) was observed (−11%)
in the experimental group when compared with the controls
(P = .0015).

Insulin Utilization

There was a significant decrease in the number of times
insulin was administered in patients receiving the ex-
perimental formula (−10.9%; 95% CI, −21.9% to 0.1%;
P = .048) when compared with the controls. The average
daily doses of insulin for the control and experimental
groups were 52.9 ± 93.2 and 43.8 ± 95.8 units/day, respec-
tively (P = .25).
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Table 3. Primary Admission Diagnostics and Baseline Patient Characteristics by Feeding Regimen Group.

Diagnosis
Control
n = 53

Experimental
n = 52 P-Value

Acute respiratory failure, n (%) 18 (34.0) 16 (30.8) .727
Sepsis, n (%) 14 (26.4) 11 (21.2) .527
Pneumonia, n (%) 9 (17.0) 9 (17.3) .965
Neurological, n (%) 6 (11.3) 9 (17.3) .384
Cardiac, n (%) 4 (7.5) 5 (9.6) .706
Pulmonary embolism, n (%) 1 (1.9) 1 (1.9) .989
Kidney injury, n (%) 1 (1.9) 0 (0.0) NA
Hemorrhagic shock, n (%) 0 (0.0) 1 (1.9) 1.000
Age (years), mean ± SD 63.3 ± 11.9 61.0 ± 14.6 .371
Weight (kg), mean ± SD 94.3 ± 18.7 97.8 ± 18.9 .337
Height (cm), mean ± SD 169.0 ± 12.3 170.9 ± 11.3 .414
BMI (kg/m2), mean ± SD 33.0 ± 5.8 33.4 ± 4.6 .753
APACHE II score,a mean ± SD 25.9 ± 9.2 24.8 ± 8.8 .535
Race: black, % 9.4 17.3 .242
Sex: female, % 54.7 42.3 .205
HgbA1cb 6.1 (5.3, 7.1) 6.1 (5.0, 7.4) .787
DMII, n 16 21 .276

BMI, body mass index; DMII, Diabetes Mellitus type 2; HgbA1c, hemoglobin A1C; n, number of participants.
aExperimental group based on 51 participants.
bGeometric mean. Experimental group based on 49 participants.

Figure 2. Protein and energy intake by day by intervention groups. (A) Protein intake by day (in g/kg IBW/d). (B) Total energy
intake per day (in kcal/kg IBW/d). IBW/d, ideal body weight/day.

Safety and Tolerability

There were no significant differences in adverse neurologic,
cardiovascular, or respiratory effects between the groups.
There was an increase in the number of patients with
abdominal distention in the experimental group without a
difference in the number of patients requiring EN discon-
tinuation (P = .02).

During the feeding protocol, 2 and 6 patients died in
the experimental and control groups, respectively (P= .27).
Further follow-up during the hospital stay demonstrated
that overall, 7 and 8 patients in the experimental and control

groups, respectively, either died in wards or transferred to
palliative care (P = 1).

Laboratory Values

Laboratory values measured are displayed in Table S2. For
serum albumin level, pre–serum albumin level, C-reactive
protein, and creatinine, no statistically significant differ-
ences were observed across time. However, there was a trend
toward lower total circulating protein and a lower white
blood cell count in the experimental group on days 6 and 7.
There was an increase in serum alkaline phosphatase across
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Figure 3. Mean rate of glycemic events during intensive care unit (ICU) stay by intervention groups. Mean rate of glycemic events
(mg/dL) for the control (white) and experimental groups (gray) are shown. P-values for the hypothesis test of no difference are
shown on the top.

Figure 4. Boxplot of average blood glucose levels. The boxes
include first and third quartiles. Medians are shown in thick
black lines. Whiskers extend within 1.5*(interquartile range).
Thresholds 150, 110, and 80 mg/dL are depicted by pointed,
slashed, dot-slashed horizontal lines, respectively.

time in the control group (P < .05 on days 4–7). Serum
carbon dioxide concentrations were higher in the control
group (P < .05 on days 2 and 4–7), and serum bicarbonate
concentrations were higher in the control group on days 3–7
(P< .05 on days 5 and 7). There was no statistical difference
in ketone bodies detected in blood (mean rates 0.15 ±
0.46 and 0.26 ± 0.53 in the control and the experimental

groups, respectively; P = .36). However, a small statistically
significant increase in urinary ketones was observed in the
experimental groupwhen comparedwith the controls (mean
rates 0.41 ± 0.74 and 0.08 ± 0.27, respectively; P = .012).

Discussion

Hyperglycemia is almost universally observed in critically
ill patients contributing to poor clinical outcomes. EN
formulas worsen hyperglycemia and may hinder efforts at
controlling glucose.7 Increasing awareness of the problems
associated with standard nutrition has prompted investi-
gators to explore alternative options, including the sub-
stitution of high-glycemic to low-glycemic carbohydrates,
addition of lipids as an energy source,6,23 or allowing an
energy deficit through hypocaloric nutrition or permissive
underfeeding.24-26

This study explored a strategy of increasing the propor-
tion of protein while reducing carbohydrate loads within
a hypocaloric protocol in overweight and obese patients.
It demonstrates that, although a reduction in the mean
rate of glucose events outside >110 and �150 mg/dL
was not achieved (primary endpoint), the use of an EN
formula containing a high proportion of whey peptides and
lower carbohydrate concentrations decreased hyperglycemic
events (>150mg/dL), increased normoglycemic events (>80
and �110 mg/dL), lowered average serum glucose, and
decreased insulin requirements.

In standard polymeric formulas, carbohydrates make
up 45%–60% of total energy along with lower protein
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concentrations. This composition reflects a long-standing
hypothesis that carbohydrates could avoid a caloric deficit
and curtail protein catabolism in critical illness.27 Despite
this theoretical benefit, several well-designed prospective
randomized clinical trials demonstrate that meeting short-
term caloric goals is of little or no significant clinical
benefit.4,5,24,25,28,29

The capacity to change the composition of EN formulae
to lower carbohydrate loads while increasing protein con-
centrations may exert significant metabolic and potential
clinical benefits26 because increased protein intake is associ-
ated with improved anabolism and nitrogen retention as has
been described in trauma, sepsis, obese, and other critically
ill patients.16,30-32 In addition, observational studies suggest
that the provision of protein �1.2 g/kg IBW/d is associated
with improved outcomes, including lower mortality.19 The
debate as to the ideal amount of protein is by no means
complete, and caution should be used until adequately pow-
ered multicenter prospective randomized controlled trials
are completed. Although it is possible to deliver higher
amounts of protein with standard EN formulas, achieving
this goal is associated with increased delivery of nonprotein
calories, particularly carbohydrates, and worse blood sugar
control.

This study failed to achieve the primary endpoint,
which was a composite score that summed the mean rate
of hyperglycemic events above 150 mg/dL and events in
�110 mg/dL. As expected, there was a decrease in hyper-
glycemic events. However, there was an unexpected increase
in normoglycemic events, >80 and �110 mg/dL, in the
experimental group. The decrease in hyperglycemic events
matched the increase in normoglycemic events, thus ex-
plaining why the primary endpoint was not achieved. In
addition, there was also a significant decrease in average
blood glucose levels and lower glucose dispersion in the
experimental group.

The main mechanism of improvement in glycemic con-
trol appears to be the result of the lower carbohydrate
load. However, hypocaloric nutrition alone has not been
shown to be associated with normalization of blood glucose
levels, and thus it is possible that other macronutrients
could have also exerted an effect in increasing the number
of glycemic events within 80–100 mg/dL.5 In noncritically
ill individuals, for example, provision of protein of high
biological value in the form of whey protein or its peptides
is associated with improved glucose control, which has
been described as an insulinotropic effect.33 Thus, it may
be possible that the increased amounts of whey protein
in the experimental formula may have contributed to an
increase in normoglycemic events, an enticing hypothesis
that remains to be tested.

Safety is central to the assessment of a nutrition regimen.
Gastrointestinal side effects were modest and did not re-
quire stopping of the delivery of the experimental formula.

Furthermore, there appeared to be no difference in side
effects in other organs/systems. Attention was placed to
measuring hypoglycemic episodes and rescue dextrose use,
which were not increased in the experimental group. De-
crease in glycemic dispersion was observed in the experi-
mental group. Thus, this study supports the hypothesis that
a hypocaloric regimen using a formula containing higher
protein and lower carbohydrates is safe.

This study also explored other potential metabolic ef-
fects. A decrease in carbon dioxide accumulation would
be expected because of the lower respiratory quotient as-
sociated with decreased carbohydrate intake. Lower serum
bicarbonate also suggests a decreased need for renal com-
pensation. Interestingly, the rise in ketones was found to be
only modestly elevated in the experimental group through
urinary ketone analysis and only observed in a small pro-
portion of patients. This may suggest that the amount of
carbohydrate delivered in the experimental group may have
been sufficient to inhibit ketogenesis for most patients.

Early termination of the study significantly decreased the
sample size, power, and strengths of the conclusions. This
is particularly important in the interpretation of clinical
side effects and the exploratory laboratory values. Thus,
the authors urge the reader to carefully consider these
limitations as they interpret the data presented.

This trial focused on overweight (BMI>26 kg/m2) and
obese (BMI>30 kg/m2) individuals, extending the original
indications for hypocaloric nutrition beyond that of mor-
bidly obese patients.34 Further research in other patient
populations is necessary to extend the observations of this
study to patients with a BMI<26 kg/m2. Althoughwe could
deliver only approximately 80% of protein and caloric goals,
the 2 groups demonstrated a significant difference in the
number of calories received. In addition, both groups re-
ceived protein approximately 1.1–1.2 g/kg IBW/d, which ap-
proached the new recommendations for protein delivery.2,35

Conclusions

Whereas the study presented herein failed to meet the pri-
mary endpoint, the results showed that a very high-protein,
low-carbohydrate EN formula facilitated glucose control in
critically ill overweight/obese patients in a medical ICU. A
lower incidence of hyperglycemic episodes and an increase
in blood glucose levels within 80–110 mg/dL was observed
along with a simultaneous decrease insulin utilization. This
trial demonstrated that an EN formula with very high
protein and low carbohydrate may be useful in maintaining
protein delivery in critically ill overweight/obese patients
when used within a hypocaloric protocol. The long-term
biological and clinical effects of the use of an EN formula
that delivers higher protein while avoiding excessive calories,
including lower carbohydrates, need confirmation through
further trials.
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