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Background & aims: Older individuals are susceptible to the loss of muscle and accumulation of fat. To
address this problem, we have compared protein kinetics following consumption of an essential amino
acid (EAA)-enriched meal replacement (EMR) to consumption of a high-protein meal replacement
beverage (Bariatric Advantage, BA) using stable isotope methodology.

Keywords: Methods: Eight older (67 + 2), obese (35 + 2 kg/m?) female and male participants completed two studies
i,table 1sotope tracers using a randomized, crossover design in which they ingested each meal replacement. The isotopic tracers
lvll‘lljesrcle L—[2H5]phenylalanine & L—[sz]tyrosine were delivered via primed, continuous intravenous infusion

throughout a basal period and following consumption of EMR or BA. We determined changes in whole
body protein synthesis (PS), protein breakdown (PB), and net protein balance (NB) from fasted states via
analysis of plasma samples by LC-ESI-MS.
Results: PS was higher (P = 0.03) and PB was less (P = 0.005) with EMR in comparison to BA. As a result,
NB was much greater (P = 0.00003) following the ingestion of EMR as compared to BA.
Conclusions: In comparison with BA, which has a higher amount of intact protein that any other meal
replacement, EMR promoted a greater increment in NB. These data support the potential efficacy of EMR
as a meal replacement for the preservation of lean tissue mass during weight loss in older, overweight
individuals.

© 2018 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
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1. Introduction Weight loss in obese elderly would be beneficial not only in

terms of health outcomes [5], but also because the amount of work

Sarcopenic obesity is characterized by a gradual loss of lean
tissue and progressive increase in fat mass [1]. About ten years ago,
33% of the older obese population would have been classified as
sarcopenic [2], and the rate of obesity in the older age group has
now increased by at least 48% [3]. This detrimental alteration in
body composition has been linked to impairments in functional
capacity and the ability to perform the activities of daily living in
the elderly [4].
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that must be done to perform simple activities would be reduced
[6]. Unfortunately, current methods employing caloric restriction-
induced weight loss (CRWL) have often been considered counter-
productive when measured against the acceleration of muscle at-
rophy that occurs with weight loss in older individuals [7]. While
the feasibility of exercise-induced weight loss has been demon-
strated in previous studies in middle-aged individuals [8], the
practicality of this approach is limited in obese individuals who
usually have very low capacity for exercise [9]. It is also understood
that supervised, well-controlled combinations of exercise training
(resistance and aerobic) in combination with caloric restriction
may preserve lean tissue during weight loss [8], but the cost-
effectiveness of these interventions may limit adequate imple-
mentation in the elderly [10]. Nonetheless, an increase in physical
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activity should follow any weight loss paradigm to maintain
metabolic health, preserve muscle and optimize functional
independence.

In order to address the conundrum presented by the need to
maintain muscle mass during weight loss in the elderly, we
developed a meal replacement, including a precise blend of
essential amino acids (EMR) that was three times more effective
than whey protein-based meal replacement in stimulating muscle
protein synthesis in older individuals [11]. Utilizing a previous meal
replacement version (TMR) based on minimal protein re-
quirements (0.8 g protein/kg/day), we demonstrated a greater
reduction in adipose tissue compared to a competitive meal
replacement, but participants still lost some lean tissue mass [11].
The loss of muscle mass using the EAA-based beverage despite the
increased stimulation of muscle protein synthesis was likely due to
the fact that the amount of protein intake necessary to maintain
lean tissue mass in older individuals is significantly greater than
0.8 g/kg/day and the hypocaloric condition of CRWL increased the
protein intake necessary to maintain lean tissue mass to an even
greater extent [12]. Given the physiological consideration of nega-
tive caloric balance and the existence of “anabolic resistance” in
older individuals [13—15], we have increased the absolute amount
of EAAs in our meal replacement. We now hypothesize that our
revised formulation (i.e., EMR) will promote higher whole-body net
protein balance (NB) above fasted states as determined by stable
isotope methodology than a meal replacement with highest
amount of intact protein on the market (Bariatric Advantage).

2. Methods
2.1. Subjects

Eight older, overweight female and male subjects between the
ages 60 and 80, BMI of 30—40 kg/m? were recruited from the
Fairbanks, AK area using local newspaper advertisements and flyers
posted around the University of Alaska Fairbanks (UAF) campus
(Table 1). They were required to have access to transportation to the
site clinic for performance of the study tests. All materials given to
volunteers who were properly consented and procedures related to
the study were reviewed and approved by the UAF Institutional
Review Board (IRB). The confidentiality of all participants was
ensured and protected.

Subjects visited the clinic located in the Clinical Research and
Imaging Facility at UAF on three separate occasions: a) consenting
and determination of eligibility status, b) metabolic study #1, and ¢)
metabolic study #2. The metabolic studies were performed in a
randomized, double blind fashion to evaluate the response to the
ingestion of isocaloric amounts of either BA or EMR. The in-
gredients of EMR and BA have been listed in Table 2 and the list of
essential amino acids have been provided in descending order of
concentration (Supplemental File 1).

Table 1

Clinical characteristics.
Sex 4F|4M
Age (years) 67 +7
Body mass (kg) 102 + 17
Height (m) 1.7 + 0.1
BMI (kg/m?) 352 +43
Lean body mass (kg) 549 + 10.2
Fat mass (kg) 42.7 + 89
BMC (kg) 3.1+08
RSMI (kg/m?) 88+ 13
% Fat 42 +6

Table 2

Composition of meal replacement.
Component BA EMR
Whey protein isolate 27 6
Carbohydrate 7 11
Fat 2 2
Free essential amino acids 0 17
Total weight 36 36

During the initial consent and screening visit, participants
completed several assessments to determine eligibility. The
exclusion criteria included creatinine >1.4, and a serum glutamate
pyruvate transaminase >2 times normal. All volunteers with a
resting blood pressure above 160/90 mmHg were excluded. We
excluded any participant with previously diagnosed diabetes
(fasting blood glucose > 126 mg/dl), a history of kidney or liver
disease, heart disease as indicated by interventional procedures, a
recent history of alcoholism, and active cancer. We excluded vol-
unteers with a chronic inflammatory condition or any patient tak-
ing corticosteroids. Finally, any participant who had a medical
condition or was taking a medication that, in the opinion of the
study physician represented an unacceptable risk was excluded
from the study.

Eligible participants performed a dual-energy X-ray absorpti-
ometry (GE iDXA) scan for determination of body composition prior
to metabolic studies (Table 1).

2.2. Experimental protocol

After determination of eligibility and body composition assess-
ment, participants completed two metabolic studies in a random-
ized double-blind fashion that included the isocaloric ingestion of
EMR and BA in conjunction with isotope methodology designed to
determine whole body protein synthesis (PS), protein breakdown
(PB) and net protein balance (NB).

Participants reported for the isotope infusion/feeding studies
after an overnight (after 2200 h) fast on two occasions that were at
least three days apart for the metabolic studies. Two polyethylene
catheters were placed into each lower arm; one for the infusion of
stable isotope tracers and the other for “arterialized” blood sampling
via a heated hand technique [16]. Prior to the initiation of the tracer
infusion, a baseline blood sample was collected to determine back-
ground isotopic enrichments. Primed continuous infusions of L-
[Hs]phenylalanine (prime, 5.04 pmol/kg; rate, 5.04 pmol kg~ ' h~1)
and L-[?H,]tyrosine (prime, 2.16 pmol/kg; rate, 1.995 pmol kg~ ' h~1)
were performed in order to determine rates of PS, PB, and NB at the
whole body level. To appropriately reach isotopic equilibrium of L-
[2Ha]tyrosine enrichment derived from L-[*Hs]phenylalanine tracer
infused, a priming dose of L-[?Hy4]tyrosine was also injected (prime:
5.04 umol/kg) (Fig. 1). All isotope tracers were purchased from
Cambridge Isotope Laboratories (Andover, MA). Blood samples were
taken at 0, 60, 120 min (fasted blood samples), at t = 180, 210, 240,
270, 300, 330, 360, and 420 min following randomized ingestion of
BA and EMR at 120 min to measure tracer enrichment and plasma
responses of AAs. Blood samples were taken at t = 120, 210, and
270 min for insulin and growth hormone analysis. A total of 12 blood
samples were taken during the study.

2.3. Calculations

Whole-body protein kinetics were calculated based on the de-
terminations of the rate of appearance (R;) into the plasma of
phenylalanine and tyrosine and the fractional R, of endogenous
tyrosine derived from the metabolism of phenylalanine [17]. The
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Fig. 1. Meal ingestion and tracer infusion protocol.

area under the curve (AUC) of plasma enrichments of phenylala-
nine and tyrosine tracers was calculated using Graphpad Prism 5
for Mac (Graphpad Software, La Jolla, CA) to account for variations
in post-prandial tracer kinetics [17,18]. Whole body protein kinetics
were calculated by dividing kinetic values of phenylalanine by its
fractional contribution to protein (4%) and were expressed as
changes from the fasted to fed states [19]. For the calculations for
whole body protein breakdown rate, contribution from exogenous
meal and tracers infused were subtracted from total R, The
following equations were used for the calculations of whole-body
protein kinetics:

Total rate of appearance into plasma (Ra) = F/E
Fractional R, of Tyr from Phe = Eryr m+4/Ephe M5

Phe hydroxylation rate = fractional R, of Tyr from Phe
x Ry Tyr

Protein synthesis rate(PS) = [(Ra Phe
— Phe hydroxylation rate) x 25]

Protein breakdown rate(PB) = [(Ra Phe — Fpe) x 25 — PRO]

Net protein balance = PS — PB

Enrichment (E) was expressed as the tracer-to-tracee ratio (TTR)
or mole percent excess (MPE), calculated at TTR/(TTR + 1). TTR was
used for calculations of NB whereas MPE was used for calculations
of PS. E was used as the enrichment of respective tracers. F is the
tracer infusion rate into an intravenous infusion site: Fppe for
phenylalanine tracer. Ery; m+4 and Eppe m45 were the plasma en-
richments of tyrosine tracers at M+4 and M-+5 relative to M+0
where M represents mass, respectively. The correction of 25 was
utilized for the conversion value for phenylalanine to protein based
on the assumption that the contribution of phenylalanine to pro-
tein was 4% (100/4 = 25) [18]. PRO is the amount of phenylalanine
and tyrosine appearing in the circulation due to digestion of
exogenous protein [20]. Phe hydroxylation rate was the rate of
appearance of tyrosine derived from phenylalanine through the
process of hydroxylation. Based on 4 mol ATP utilized per mole of
amino acids incorporated into protein [21], and 1 mol of ATP
turnover = 20 kcal energy expenditure (including the energy cost of
resynthesis of ATP) [22], we calculated the theoretical difference in

the energy cost between the post-absorptive to post-prandial
stimulation of PS between EMR and BA.

2.4. Analytical methods

Plasma samples were deproteinized using dry sulfosalicylic acid,
and frozen at —80 °C until analysis. Enrichment analysis was per-
formed by Liquid Chromatography-Electrospray lonization-Mass
Spectrometry (LC-ESI-MS) (QTrap 5500 MS; AB Sciex) with
ExpressHT Ultra LC (Eksigent Div.; AB Sciex) after derivatization
with 9-fluoren-9-ylmethoxycarbonyl (Fmoc) [23]. Ions of mass to
charge ratios of 234, 235, and 239 for phenylalanine and 466, 467,
468, and 470 were utilized. Plasma insulin concentrations were
measured by using commercially available human insulin ELISA kit
(Alpco Diagnostics, Salem, MA). Plasma human growth hormone
concentrations were measured using a commercially available
ELISA kit (Invitrogen; Thermo Fisher Scientific, Carlsbad, CA).
Plasma amino acid concentrations were measured using liquid
chromatography-mass spectrometry (QTrap 5500 MS; AB Sciex)
using the internal standard method [24].

2.5. Statistical methods

Two-tailed independent t-tests were used to compare differ-
ences in PS, PB, and NB between in EMR and BA. This method of
statistical analysis was also used to determine differences in plasma
insulin and growth hormone. A two-way analysis of variance with
repeated measures was utilized to determine differences in the
plasma amino acids between EMR and BA. All data were analyzed
using the Graphpad Prism 6 for Mac (Graphpad Software, Inc. La
Jolla CA) and presented as mean + SEM.

3. Results
3.1. Clinical characteristics

Data related to body composition for all participants are listed in
Table 1.

3.2. Amino acids

Plasma essential amino acids were significantly higher at all
post-prandial time points in EMR compared to BA (Fig. 2). On the
other hand, plasma non-essential amino acids were significantly
higher during the post-prandial period (i.e., t = 270, 300, 330 and
360 min) in BA compared to EMR (Fig. 2).

Plasma insulin was similar in BA and EMR during the post-
absorptive state, and rose significantly in both EMR and BA with
the ingestion of the meal replacements (Fig. 2). The increase in
plasma insulin was significantly higher with the ingestion of EMR
compared to BA. Plasma growth hormone was similar in both
groups except for a higher level at t = 270 min in BA compared to
EMR (Fig. 2). Growth hormone concentration did not rise above the
basal level in EMR.

3.3. Protein kinetics

There were no significant differences in post-absorptive values
for PS, PB or NB or whole-body phenylalanine oxidation rates
(Supplemental File 2) between EMR and BA. The changes in PS
(1.35 + 0.1 and 0.95 + 0.15 mg protein kg LBM~! min~!), PB
(—1.18 + 0.21 0.03 + 0.14 mg protein kg LBM~! min~!) and NB
(2.52 + 0.17 and 0.92 + 0.05 mg protein kg LBM~! min~!) from the
post-absorptive to the post-prandial state was greater in EMR
compared to BA, respectively (P < 0.01) (Fig. 3).
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4. Discussion

To provide a “proof of concept” for future weight loss inter-
vention studies, we hypothesized that EMR would promote a more
positive feeding-induced increase in NB when compared to BA. BA
was chosen for the comparison since it contains the highest
amount of whey protein of any other meal replacement currently
on the market. Notably, whey protein has been touted as more
effective than casein or soy in maintaining skeletal muscle [25]. We
found that consumption of EMR resulted in a superior insulino-
tropic response (P = 0.02), a greater increase in PS (P = 0.03), and
reduction in PB (P = 0.005) that contributed to a 2.5-fold higher
increase (P = 0.00003) in NB compared to BA. These results support
the hypothesis that EMR stimulates the greater anabolic response
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Fig. 3. Whole body protein synthesis, protein breakdown, and net balance in response
to BA and EMR. *Represents a significant difference between BA and EMR (P < 0.05).

when compared to a meal replacement with the highest amount of
high-quality protein. From this result, we can speculate that use of
EMR in a CRWL program over a prolonged period of weight
reduction would maintain lean tissue mass while eliciting a
reduction in fat mass.

The insulinotropic effect of amino acids was initially described
~50 years ago [26]. The results of the present study clearly
demonstrate higher feeding-induced plasma insulin concentra-
tions with EMR. Leucine comprises ~32% of the overall EAAs in
EMR, and previous studies have specifically demonstrated that
leucine promotes glutamate dehydrogenase activity. This enzyme
ultimately augments oxygen consumption in pancreatic B-cells and
increases insulin secretion [27]. The amount of carbohydrate was
also slightly higher in BA and could have influenced the insulin
response as well [27].

The superior insulinotropic effect of EMR is relevant to the
response of protein Kkinetics because insulin activates the
mammalian target of rapamycin (mTOR) [28,29]. This factor plays a
role in the molecular events necessary for the initiation of protein
synthesis [30,31]. In addition, an increased availability of EAAs in
plasma, particularly leucine, can activate mTOR [32]. Consequently,
it seems unlikely that the greater insulin response following EMR is
primarily responsible for the higher rate of synthesis with EMR
consumption. It is more likely that both beverages activated the
initiation process, and that the greater availability of EAA pre-
cursors resulted in a higher rate of PS following EMR. It is plausible
that insulin played a role in suppressing PB in the EMR study. The
suppressive effect of insulin on breakdown of splanchnic and
muscle protein has been established [33]. It is also possible that the
greater amounts of EAAs in EMR played a role in the suppression of
PB. We recently showed that PB was reduced to a greater extent in
response to a mixed meal containing a greater amount of protein
than in an isocaloric meal, despite similar insulin responses to the
two meals [34]. Based on the results of studies that combined the
measurement of muscle FSR and whole body protein synthesis,
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similar alterations in NB likely occurred across tissues other than
muscle including those in the splanchnic region [35]. The magni-
tude of reduction in PB primarily explained the greater increase in
NB following EMR. This has been the case in our previous studies of
the responses of PS and PB at the whole-body level following
consumption of mixed meals as well [17].

The most important endpoint of this study was NB, as that is the
kinetic parameter that corresponds to increases or decreases in
protein mass [35]. Therefore, in theory it should make no difference
how a positive NB is achieved. An anabolic response (i.e., increase in
NB) can be attained by a stimulation of PS, a suppression of PB, or a
combination of the two [17]. From an energy balance standpoint, it
would be advantageous to achieve an increase in NB by a stimula-
tion of protein synthesis because there is an energy cost associated
with protein synthesis [36]. In contrast, the decrease in PB following
EMR, while benefitting the NB response, did not contribute to an
increase in energy expenditure. On the other hand, EMR also stim-
ulated PS to a greater extent than BA. For every 1 mol of amino acids
incorporated into the synthesis of tissue protein, 4 mol of ATP are
utilized [21]. This comes at a caloric cost of 20 kcal for every 1 mol of
ATP turnover [22]. Therefore, the energy cost of the relevant to the
acute ingestion of EMR and BA can be calculated, not only for a single
event, but that value can be extrapolated to estimate anticipated
differences in the rate of weight loss over a prolonged period of
weeks. In our study, this extrapolation yielded a theoretical calcu-
lation of 21,707 + 2337 kcal for BA and 31,931 + 2856 kcal for EMR
directly linked to feeding induced alterations in PS over a 12-week
period. If this estimation were accurate, the calculation corre-
sponds to 1.3 kg of additional weight loss with EMR that would be
most likely linked to the reduction of adipose tissue [11].

The beneficial responses in protein metabolism with EMR
occurred despite a greater plasma growth hormone response in BA.
This calls into question the relevance of growth hormone with regard
to feeding induced changes in whole body protein kinetics. While
initial studies in the elderly posited beneficial improvements in lean
tissue mass, bone mineral density and reductions in adipose tissue
from biosynthetic growth hormone administration [37], replication
of these studies has proven difficult [38]. Perhaps more importantly,
no study in middle aged to elderly individuals have linked the
administration of growth hormone to improvements in strength
unless the individuals were also performing some type of resistance
training [39]. In addition to the questionable anabolic effect of growth
hormone in elderly, there is evidence that an increase in growth
hormone can induce insulin resistance [40]. Moreover, the exclusion
of arginine from EMR seemed to reduce the feeding-induced incre-
ment in growth hormone but had no detrimental influence on NB.

5. Conclusion

Using stable isotope methodology to determine whole body
protein kinetics in older, overweight adults, we have demonstrated
that EMR surpassed BA with regard to the promotion of NB. While
the delivery of leucine most likely triggered the molecular alter-
ations necessary to promote PS in both EMR and BA, the unique
proportion and enhanced availability of EAAs provided by EMR
were likely responsible for the significant advantage in PS
compared to BA. The superior insulin response elicited by EMR
likely prompted the greater suppression of PB; combined with a
superior stimulation PS that resulted in an overall advantage in NB
when compared to BA. Adequate consumption of protein to offset
the loss of lean tissue mass during CRWL presents a conundrum in
older adults due to concomitant ingestion of excess nonprotein
calories required to overcome anabolic resistance (10). Therefore,
the utilization of EMR as part of a lifestyle intervention designed to
promote weight loss would have a distinct advantage with regard

to the caloric cost of protein turnover and the preservation of
whole-body lean tissue mass, especially in older individuals.
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What is already known about this subject?

Most overweight individuals utilize caloric restriction for
weight loss.

Caloric restriction usually results in muscle atrophy.

Older individuals are already at high risk for sarcopenia.

What does this study add?

Caloric restriction may be the most effective strategy for
weight loss in older individuals.

Unique profiles of essential amino acids may improve
anabolism/kcal ingested.

Improvements in net protein balance may allow preserva-
tion of lean tissue mass during weight loss.

Appendix A. Supplementary data

Supplementary data related to this article can be found at
https://doi.org/10.1016/j.cInu.2018.12.013.
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