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Abstract
Background—Protein supplements are routinely used after a laparoscopic gastric bypass (LGB).
The aim of this study is to evaluate the impact of an amino acid supplement on glucose
homeostasis, hormonal and inflammatory markers after LGB.

Methods—30 patients undergoing LGB were randomized to receive or not to receive 24g of an
oral supplement containing a leucine metabolite, glutamine and arginine twice daily for 8 weeks.
Changes in weight, BMI, ghrelin, GLP-1, GIP, glucose, insulin, C-peptide, insulin sensitivity,
IL-6, CRP, leptin and IGF-1 were assessed preoperatively, 2 weeks and 8-weeks postoperatively.

Results—30 patients (96.7% females, 46.9 ± 8.4 years, 113.4 ± 11.6 kg and BMI 43.3 ± 4.1 kg/
m2) were randomized. The experimental (N=14) and control groups (N=16) were not significantly
different at baseline. Weight and BMI were decreased significantly at two weeks and at eight
weeks (p<0.0001 for each variable), but no statistical significance was observed between the two
groups. Fasting glucose decreased significantly at 2 & 8 weeks as compared to base line
(p<0.0001) with no difference between experimental and control groups (p=0.8), but insulin and
calculated insulin sensitivity, that were similar at baseline, become significantly worse in the
experimental group 8 weeks after surgery ( p=0.02 for insulin, p=0.04 for the homeostasis model
assessment (HOMA) index). CRP, which was similar at baseline, was found to be significantly
lower at 8 weeks in control vs. experimental group, (P=0.018). IL-6 decreased significantly from
baseline at 2 weeks and rebounded at 8 weeks in both groups, there was a trend of higher IL-6 in
the experimental group that becomes significant at 8 weeks (p=0.05). Leptin and IGF-1 levels
decreased significantly from baseline at 2 & 8 weeks (p<0.0001) but there was no difference
between the two groups. No significant change in GLP-1, ghrelin or GIP were noticed after 8
weeks.

Conclusion—An amino acid supplement had no effect on the early postoperative incretins
following LGB. It may have a negative influence on glycemic control and degree of inflammation.
Future studies are needed to clarify these effects.
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Introduction
Bariatric surgery is currently the only effective means for achieving substantial and
sustained long-term weight loss in the morbidly obese. Roux-en-Y gastric bypass (RYGB),
the most commonly performed bariatric operation in the United States, includes both
restrictive and malabsorptive components. Limited capacity of the gastric pouch, intolerance
of meat in the early postoperative period and more distal mixing with biliopancreatic
secretion are some of the reasons to be concerned about possible protein malnutrition
following RYGB. Protein malnutrition carries substantial morbidities for patients including
hypoalbuminemia, immune anergy, electrolyte and mineral imbalance, anasarca and muscle
wasting. In order to avoid protein malnutrition, the current ASMBS recommendations (1)
and the common practice is to supplement the patient’s protein intake during the early
postoperative period.

Insulin resistance that can lead to impaired glucose tolerance and type 2 diabetes mellitus
(T2DM) is a prominent feature of obesity (2, 3). Obesity is also associated with an increased
lowgrade inflammatory tone as evidenced by increased levels of pro-inflammatory cytokines
that can subsequently lead to insulin resistance (4–6). There is a large and growing body of
literature concerning the beneficial metabolic and hormonal changes resulting from RYGB.
Some of the most important changes are improved fasting glucose and insulin sensitivity
(IS) (2,3,7–10), decreased systemic inflammation (11), changes in appetite and hunger
related hormones (ghrelin, leptin) and changes in incretins like glucagon like peptide-1
(GLP-1) and gastric inhibitory polypeptide (GIP). These changes may play an important role
in the dramatic improvement in many of the patients’ comorbidities, especially T2DM (12).
This metabolic improvement, not just weight loss, has become one of the main goals of the
operation. Since the routine use of hyperinsulinemic clamp, the gold standard of insulin
sensitivity, is not practical, several surrogate indices for IS have been developed using
fasting glucose and insulin. Presently, the homeostasis model assessment (HOMA) index is
the most widely used followed by quantitative insulin sensitivity check index (QUICKI),
and both have been broadly evaluated (13, 14). C-reactive protein (CRP) is a useful
indicator of inflammatory processes (15). Interleukin (IL)-6 is a key cytokine with impact on
both immunoregulation and nonimmune events in most tissues (16). A vast number of
epidemiological, genetic, rodent and human studies have investigated the putative role of
inflammation as expressed by CRP and IL-6 in the pathogeneses of obesity, insulin
resistance and T2DM (17–19).

There are many commercially available protein supplements for consumption after RYGB.
These protein supplements contain various amounts and compositions of amino acids.
Dietary amino acids have been shown to affect both glucose homeostasis and systemic
inflammation (20–22). The supplemented amino acids have the potential to alter some or all
of the hormonal and metabolic changes following RYGB. It isn’t currently clear whether
such effects are taking place.

We have previously reported that the use of a commercially available oral amino acid
supplement composed of beta-hydroxy-beta-methylbutyrate (a leucine metabolite),
glutamine and arginine (HMB/Glu/Arg) had no effect on the changes in weight, resting
energy expenditure, lean body mass or fat mass during the early post operative period after
LGB (23). The purpose of this study was to describe the alternations in glucose homeostasis,
inflammatory markers, hormones and incretins related to the use of HMB/Glu/Arg
supplements following LGB.
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Materials and Methods
This was an unblinded, randomized control pilot study on a population of 30 morbidly obese
patients (as defined by NIH criteria) who underwent LGB. The patients were consented and
enrolled in this institutional review board-approved protocol. Exclusion criteria included age
younger than 18 years, pregnancy, weight greater than the limit of the dual emission x-ray
absorptiometry (DXA) table (300 lb) and a known allergy to any component of the
supplement. Postoperatively, all patients were instructed to take an adult strength, chewable
multivitamin with iron and 1,200 mg of elemental calcium citrate daily for postoperative
supplementation. Each patient received a monetary incentive in a graduated manner to
participate and complete the protocol. Patients in the experimental group (n = 14) were
provided with a supply of a commercially available oral supplement containing HMB/Glu/
Arg at no cost. The patients were instructed to consume 24 g (1 packet) of the mixture
dissolved in 8–10 ounces of water twice daily and record their consumption on a log sheet.
Each packet of the supplement contains 1.5 g of calcium beta-hydroxy, beta-methylbutyrate
(which provides 1.2 g of HMB), 7 g of glutamine, 7 g of arginine, 2 g of sugar, 7.8 g of
carbohydrates, and 78 calories. At the three time points (before surgery, two weeks and 8
weeks after surgery) the patients were admitted to a clinical research center on the evening
before the planned evaluation. In the morning following an overnight fast of at least 8 hours,
venous blood was drawn for analysis, and the patients underwent an evaluation of weight,
body composition and energy expenditure. The details concerning the measurements of
weight, lean body mass (LBM) and fat mass (by dual emission x-ray absorptiometry) and
resting metabolic rate (RMR) by indirect calorimetry using a Deltatrac II metabolic monitor
are discussed in detail elsewhere (23).

Concentrations of serum variables were determined in the Core Laboratory of the GCRC
(now Center for Clinical and Translational Science; CCTS), Nutrition Obesity Research
Center (NORC), and Diabetes Research and Training Center (DRTC). Glucose was
measured in 3 μL sera using the glucose oxidase method on a Stanbio Sirrus analyzer
(Stanbio Laboratory, Boerne, TX). CRP was measured in 20 μL sera using a turbidometric
method on a Stanbio Sirrus analyzer (Stanbio Laboratory, Boerne, TX). Insulin was assayed
in 50 μL aliquots using immunofluorescence on a TOSOH AIA-II analyzer (TOSOH Corp.,
South San Francisco, CA). C-peptide was assayed in 20 μL aliquots using the TOSOH
analyzer. Leptin was measured by radioimmunoassay (Linco/Millipore; St. Charles, MO).
GIP and GLP-1 were analyzed in duplicate by ELISA (Linco/Millipore, St. Charles, MO) in
20 μL and 100 μL sera, respectively. Ghrelin was measured in duplicate 20 μL aliquots of
sera by radioimmunoassay (Linco/Millipore). IGF-1 was measured in duplicate 20 μL
aliquots of sera by immunoradiometric assay (DSL/Beckman-Coulter, Webster, TX).

In order to avoid bias, patients receiving either oral hypoglycemic agents or insulin were
excluded from the glycemic control related calculations (fasting glucose, insulin, C-peptide,
and insulin sensitivity). Of the 30 patients, 9 were excluded (5 control and 4 study groups)
for this reason. All results are expressed as means ± standard deviation. The graphs
represent mean ± standard error. Patient characteristics at baseline were analyzed using
Fisher’s exact test and two independent samples t test as appropriate. After checking for
normality assumptions, the paired t test was used to compare preoperative values to 2-week
and 8-week values separately in both groups. A one-way analysis of variance (ANOVA)
was used to determine whether the mean changes in postoperative parameters were
significant between the experimental and control group. Independent unpaired t test was
used to determine at which time point the difference became significant. All p values were
considered statistically significant at <0.05 alpha levels. Analyses were done using PASW
statistics, SPSS version 18.0.0. Figures were performed using GraphPad Prism, version 5.02,
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GraphPad Inc. The formulas for calculated insulin sensitivity are: HOMA = [Glucose (mg/
dl)]×[insulin (mIU/L)]/405 and QUICKI =1/ log [Glucose (mg/dl)]× log [insulin (mIU/L)].

Results
Thirty morbidly obese subjects were included in the study. Fourteen patients were
randomized to the experimental group and sixteen to the control group. Baseline
demographics and characteristics of experimental and control groups are summarized in
Table 1, and no significant differences were observed in any of the baseline variables. As
reported previously (23), weight, BMI, LBM and RMR were decreased significantly at two
weeks and at eight weeks, but no statistically significant difference was observed between
the two groups (Table 2).

Glycemic Control
After the exclusion of the T2DM patients, there were 11 and 10 patients left in the control
and study groups, respectively, for glycemic evaluation. There was no significant difference
in baseline demographics, weight, BMI, LBM, fat mass and energy expenditure between the
two groups.

Whole study population (N=21)
The mean fasting glucose of the 21 non-diabetic patients decreased significantly from
113.1±14.4 mg/dl at baseline to 95.1±15.1 mg/dl and 95.0±9.8 mg/dl after 2 and 8 weeks
respectively (both p<0.0001 when compared to baseline). Both mean fasting insulin and C-
peptide levels decreased at two weeks (Insulin 16.8±7.6 uU/ml, to 12.6±16.8 uU/ml, C-peptide
3.2±1.1 ng/ml to 2.5±1.8 ng/ml), but the change was only significant for C-peptide (P=0.017)
and not for insulin (p=0.2). Although the insulin at two weeks dropped in 13 patients, it was
increased in 4 patients and remained stable in other 4 patients. At 8 weeks both insulin and
C-peptide decreased significantly when compared to baseline (16.8±7.6 uU/ml, vs.
7.4±4.6 uU/m, and 3.2±1.1 ng/ml vs. 1.89±0.8 ng/ml, p<0.0001 for both, respectively).

Experimental vs. control groups
Fasting glucose, insulin, C-peptide and insulin sensitivity values improved significantly
during the 8 weeks followup in both groups (Table 3). When comparing the study and
control groups as a whole using the ANOVA, no significant differences were seen in fasting
glucose (P=0.80), but the insulin was significantly higher in the experimental group
(p=0.026). Insulin concentration dropped sharply by 41.5% at two weeks compared to the
baseline (14.8±7.2 uU/m, vs. 7.6±3.4 uU/m, p=0.0016) in the control group but it decreased
only by 6.9% in the study group (19.0±7.8 uU/m, vs. 18.1±23.4 uU/m, p=0.90). At 8 weeks,
the fasting insulin concentration decreased by 60.3% in the controls and 44.4% in the study
group, compared to baseline, both statistically significant (p=0.029, p<0.0001 respectively).
When comparing the groups’ insulin level at each time point separately using the non
parametric t-test, the insulin level in the study group becomes significantly higher compared
to the control group at 8 weeks (p=0.21, 0.16 and 0.02 for baseline, 2 and 8 weeks
respectively). C-peptide levels demonstrated a trend similar to insulin with a higher C-
peptide levels in the study group (table 3), but the difference approached, but did not reach,
statistical significance (p=0.057).

When the two groups were compared for calculated insulin sensitivity taking in to account
the three time points, the study group has worse insulin sensitivity. The difference is
significant for both QUICKI (p=0.005) and HOMA (p=0.04) parameters. Comparing the
groups insulin sensitivity for each of the three time points separately, demonstrates that the
two groups had a similar baseline HOMA and QUICKI (HOMA 4.2 vs 5.5 [p=0.27]
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QUICKI 0.71 vs 0.76 [p=0.25] for control and study groups respectively). At two weeks,
(Fig 1, 2) there is a favorable change in insulin sensitivity in the control group which is not
statistically significant from the study group (p=0.17 for HOMA and p=0.07 for QUICKI),
but the difference continues to grow and it becomes statistically significant after 8 weeks
(p=0.04 for HOMA and p=0.014 for QUICKI).

Inflammatory markers
Whole study population

C-reactive protein (CRP) and interleukin-6 (IL-6) were the inflammatory markers measured.
A substantial drop in both was observed two weeks after surgery in the 30 subjects (Table
4). The plasma CRP level dropped by an average of 27.3%±8.8% and that of IL-6 dropped
by 24±6.8% at two weeks, both of which were statistically significant compared to baseline.
After 8 weeks, the CRP plasma level had declined by 34.6%±10.3% from baseline
(p<0.001). However unlike the CRP, the IL-6 level recovered partially at 8 weeks, and the
observed mean change from baseline was reduced to 8.2±6.8% (p=0.07).

Experimental vs. control
Both groups demonstrated a similar course (a drop in CRP, and an initial drop followed by
partial rebound of IL-6 levels, Fig. 3, 4) but when comparing the inflammatory markers,
using the ANOVA, the study group had significantly higher CRP (p=0.01) and IL-6
(p=0.03) When looking in to the changes in inflammatory markers at each time point, the
difference between the groups reaches significance at two and 8 weeks after surgery for
CRP (Fig 3) and at 8 weeks for IL-6 (Fig 4).

Incretins and Hormones
Whole study population

A significant drop of IGF-1 and leptin (Table 5) was demonstrated at both two and 8 weeks
when compared to baseline. The mean ghrelin concentration decreased from 718 pg/ml at
baseline to a 607±219 pg/ml at two weeks (p=0.03). However, although ghrelin
concentration at 8 weeks remained lower than baseline (639±240 pg/ml), the change was no
longer statistically significant (p=0.2). No change in fasting GIP or GLP-1 was
demonstrated (Table 5).

Experimental vs control
When compared for all three time points, leptin is significantly higher in the experimental
group (p=0.014), but unlike insulin sensitivity and inflammatory markers the difference
between the groups doesn’t expand with time (fig 5). There is a trend for lower IGF-1 and
ghrelin in the experimental group, but the changes are not statistically significant (Fig. 6, 7).
No differences were observed in GLP-1 or GIP mean concentrations between the control
and experimental groups (table 5).

Discussion
During the last decade there has been an intense interest in the metabolic changes associated
with bariatric surgery in general and in RYGB specifically. The improvement of the
metabolic comorbidities associated with morbid obesity (diabetes, dyslipidemia,
hypertension etc.) has perhaps become the primary objective of the operation. The most
intriguing metabolic changes described are the decrease in insulin resistance, decrease in
chronic inflammation, changes in gut incretin secretion and the lower levels of appetite and
energy balance related hormones including ghrelin, leptin, insulin and IGF. The aim of this
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study was to describe the influence of a dietary supplement containing arginine, glutamine
and the leucine metabolite (HMB) on the metabolic and hormonal changes during the early
period after LGB.

Our population demonstrated an early (two weeks) significant decrease in fasting glucose,
insulin, C-peptide and inflammatory markers. At eight weeks, the fasting glucose stabilized
within the normal range, but a further decrease in insulin concentration translated into
continued improvement in calculated insulin sensitivity (HOMA, QUICKI). Unlike the
continued significant decline in CRP levels between 2 and 8 weeks, we observed a rebound
of mean plasma IL-6 at 8 weeks. This intriguing difference in the trend of two inflammatory
markers has been reported earlier by other investigators as well. Vázquez et al reported no
change in IL-6 or TNF alpha, but they noted a significant drop in CRP 4 months in 26
patients after vertical banded gastroplasty and biliopancreatic diversion (24). Herrera et al
reported a similar decrease in CRP, but they documented an actual increase in IL-6 3 months
after RYGB in 22 patients (25). The explanation of that phenomenon is not clear, but it
might be related to the fact that the CRP is an acute phase reactant produced by the liver
while IL-6 is produced predominantly by macrophages and adipocytes whose
microenvironment is likely quite different from that of the liver after RYGB. Salas-Salvadó
J et al. (26) reported that obese subjects adhering to a low calorie diet experienced a
significant decline in CRP and IL-6, but two weeks after the end of the diet, there was a
rebound of both to almost baseline levels without any change in the subjects’ weight. The
authors speculated that the observed improvement and rebound in inflammation are
secondary to the change in energy balance and not to the loss of fat mass. This may apply to
our study population that is subject to severe calorie restriction immediately after the
operation. This is followed by a gradual increase in food tolerance and higher caloric intake
at 8 week compared to 2 weeks after the procedure.

As has been reported previously, we observed a significant decrease in IGF-I, leptin, and
ghrelin following LGB (27,28), but we were not able to demonstrate a significant change in
either GLP-1 or GIP. This may be attributed to the fact that the blood samples were drawn
during the fasting state and, therefore, may not reflect the modulation of secretion of
incretins in response to nutrient intake. We believe that the observed metabolic and
hormonal changes in our study population reflect the typical postoperative changes as
described in the literature.

Following LGB, the experimental group demonstrated a significant improvement in their
metabolic profile as compared to baseline, but the improvement in most parameters was not
as significant as in the control group. It has been reported that improved insulin sensitivity
parallels the trends of lower inflammation, lower leptin and higher IGF-I (25, 27, 28). The
fact that we observe the same changes in measured parameters reinforces our conclusion that
these observations do represent an actual physiologic difference.

The interpretation of the results may be limited due to the fact that we do not know if there
was a difference in caloric intake between the two groups. We did not control their intake,
nor did we ask the subject to keep a self-reported food journal. The amount and type of
calories ingested between observations could have an impact on the measured values;
however, there was no difference in weight loss or BMI change.

The observed changes between the control and experimental groups may be attributable to
the metabolic effects of the supplemented amino acids. These amino acids are by no means
metabolically innocent bystanders, used only as building blocks for proteins. Multiple
studies done in vitro, in vivo, in animals and in humans have demonstrated that amino acids
are potent modulators of glycemic control and energy balance (29–35). Arginine, leucine
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and glutamine have been shown to directly affect insulin secretion from the pancreatic beta
cells (20). Glutamine is a well-known precursor of hepatic gluconeogenesis. A number of
studies have demonstrated that increased levels of plasma amino acids (especially leucine)
lead to a decreased whole-body glucose disposal primarily due to increased peripheral
insulin resistance (30,36–37). Leucine infusion across a human forearm caused 80%
reduction in glucose uptake and increased production of free fatty acids and ketone bodies
(37). Most studies focus on amino acids induced alternations of insulin sensitivity in skeletal
muscle, but similar effects were reported in hepatocytes (30) and adipocytes (31).

A number of mechanisms by which dietary proteins and amino acids modulate glucose
metabolism and insulin sensitivity have been proposed. Amino acids have a demonstrable
effect on cell signaling that is involved in the pathogenesis of insulin resistance. The
mammalian target of rapamycin (mTOR) pathway, a phosphatidylinositol 3-kinase-related
protein family (PI kinase-3) plays a role in many cellular signal transduction pathways
including that of insulin and IGF-I (32,33). Tremblay et al reported a 55% reduction in
insulin dependent glucose transport in muscle cells following an exposure to a mixture of
amino acids. This negative effect was prevented by inhibition of the mTOR pathway by
rapamycin (31). Leucine is the most patent amino acid in causing phosphorylation of PI
kinase-3 and altering the mTOR pathway. This alternation influences glucose homeostasis
by affecting both peripheral glucose utilization and pancreatic beta cells function (40–43).
Moreover, leucine has also been demonstrated to influence, through mTOR, leptin (44–46)
and IGF-I (47) related physiology. Some amino acids like glutamine and arginine have
become an essential part of the immune modulating nutritional regimens in postoperative
and critically ill patients (22). Taken as a whole, these studies demonstrate the metabolically
active role of supplemental amino acids, and their potential adverse impact on some of the
variables measured in our study.

Conclusion
Although an increase in whole-body insulin sensitivity, an alteration of incretin production,
and a decrease in chronic inflammation after RYGB surgery are well established, the
mechanisms involved are not fully understood. The current study confirms the findings
reported in the surgical literature as related to the metabolic changes that occur after gastric
bypass. Our pilot study involving the addition of a commercially available amino acid
supplement mixture did not demonstrate any salutary effect in the early postoperative period
on the measured parameters. This pilot study suggests that amino acids supplements may
have undesirable metabolic implications. Currently, there is a very little evidence concerning
the optimal supplemental management of protein following uncomplicated RYGB. In order
to optimize the nutritional regimen after RYGB, we may need to concentrate on the quality
and not just the quantity of protein supplementation.
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Figure 1.
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Figure 2.
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Figure 3.
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Figure 4.
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Figure 5.
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Figure 6.
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Figure 7.
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Table 1

Demographics at baseline

   Variable Total (N=30) Study (n= 14) Control (n=16) P value

  Age (years) 46.9 ± 8.4 47.9 ± 9.6 46 ± 7.5 NS

Gender, n (%) Female 29 (96.7%) 14(100%) 15(93.8%) NS

      Male 1 (3.3%) 0 1(6.2%) NS

Race, n (%)    White 24 (80%) 11(78.6%) 13(81.2%) NS

   African American 6 (20%) 3(21.4%) 3(18.8%) NS
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