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Abstract

Older, obese adults are compromised by muscle atrophy and excess adipose tissue.
We have previously demonstrated that the acute ingestion of essential amino acids may
augment net protein balance in the elderly. Using a double blind, randomized controlled
trial, our objective was to compare an experimental meal replacement enriched with
essential amino acids (EMR) compared to a commercial meal replacement (Optifast®)
provided once/day (g.d.) for four weeks on body composition and physical function in
older, obese participants. Twenty-seven individuals (695 yrs; body mass index of 32+4
kg/m?) were randomly assigned to EMR (n=13) or Optifast® (n=15) supplementation.
Measurements of body composition, skeletal muscle cross-sectional area (CSA),
intrahepatic lipid and physical function were completed pre- and post-supplementation.
Body mass, fat mass, and visceral fat mass were reduced with EMR but not altered with
Optifast®. Thigh muscle CSA increased (A 4.1 + 1.9 cm?) with EMR but not Optifast® (A
-1.8 + 6.0 cm?). There was a significant increase in the distance covered during the six-
minute walk test with EMR (A 21+26 m) but no change in Optifast® (A 22+54 m).
Improvements in body composition and physical function support the efficacious use of

EMR-based meal replacements in the obese elderly.
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1.Introduction

The progressive, deleterious loss of muscle mass that occurs with aging is called
sarcopenia [1]. Muscle atrophy that occurs in conjunction with obesity is particularly
problematic, as the load required for functional independence is increased, but with
depleted contractile machinery [2]. It is therefore predictable that sarcopenic obesity has
also been linked to the development of metabolic syndrome and diabetes [3]. While
losing weight might seem like the obvious solution, data from epidemiological studies
suggest an obesity paradox by which body weight has a protective effect against
mortality [4]. The efficacy of weight loss in addressing sarcopenic obesity is further
complicated by low fitness levels in the obese elderly [5]; not surprisingly co-mingled
with low interest in physical activity as a viable intervention [6]. Moreover, most
individuals, particularly the obese elderly prefer dietary modification as their only

strategy to potentially improve body composition.

In addition to the health problems associated with sarcopenia and obesity,
inadequate nutritional intake can be a significant concern as well [7]. For example, a
decline in the quality of the diet can negatively affect optimal body composition and
further exacerbate the risks of disability among elderly adults [8]. To address these
concerns, many individuals and health care providers utilize meal replacements to help
maintain body weight and more importantly functional independence [9]. While the use
of standard meal replacements may be effective for weight management in young to
middle-aged populations [10], it is quite possible that the overall efficacy of meal
replacements may be more complex in the elderly due to the presence of anabolic

resistance [11].
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Previous work from our laboratory has demonstrated the superiority of a meal
replacement enriched with essential amino acids (EAAs) compared to other meal
replacements on whole body net protein balance under isocaloric conditions in the
obese elderly [12]. These responses were largely due to the provision of specific
amounts and profiles of EAAs and non-essential amino acids required for overcoming
anabolic resistance in the elderly [13]. Despite the widespread popularity of meal
replacements among the elderly and the broad use of dietary strategies to improve
overall health throughout modern society, longitudinal evaluations designed to study
efficacy of EAA-based meal replacements are limited. Therefore, we have tested the
hypothesis that daily consumption of an EAA-enriched meal replacement (EMR) would
promote improvements in body composition, skeletal muscle, intrahepatic lipid and
physical function compared an isocaloric commercially available meal replacement (ie.,

Optifast®) in the obese elderly (Table 1).

2. Methods
2.1. Recruitment.

We posted informational flyers and newsletters on the University of Alaska Fairbanks
(UAF) campus. We held brief informational presentations for the purpose of educating
seniors in our community, providing them with an opportunity to participate in the study
described herein. Individuals from all racial, ethnic and/or cultural backgrounds between
the ages of 60-85 years old with a body mass index of 26-40 kg/m? were encouraged to
participate (Table 2). Anyone interested in the trial was encouraged to call our secure,
telephone answering service, allowing private and individual telephone conversations to

assess eligibility. This study was powered to evaluate changes in body composition in
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an older obese cohort. Therefore, no attempt was made to stratify participants
according to age or gender. The project (Nutrient Strategies for Muscle Preservation:
986801-17) and all related documents were approved on 17 September 2017 by the
UAF Institutional Review Board. All participants provided written informed consent prior
to participation.

2.2. Exclusion Criteria

Individuals with a pacemaker or other implanted metal device or object, or who had
been previously diagnosed with insulin dependent diabetes, active cancer or
malignancy, or a chronic inflammatory condition were excluded. Individuals taking
medications, supplements or corticosteroids that might have influenced metabolism or
corticosteroids were not enrolled. Finally, any individual with a disease or condition that

would have placed them at risk or harm to themselves or others were also excluded.

2.3. Study Participants

Once it was established that individuals were eligible for participation, we
enrolled twenty-seven older, obese males and females (695 yrs; 32+4 kg/m?) of all
races and ethnic backgrounds into a double blind, randomized controlled trial.
Participants were weight stable and were not participating in a weight loss or exercise
program at the time of enroliment. During pre- and post-supplementation study visits,
participants completed the following: a) measurement of body weight and height via
electronic scale (Health-o-Meter, St. McCook, IL, USA), b) measurements of body
composition using dual energy x-ray absorptiometry (DXA) scans (General Electric
iDXA; Madison, WI), c) measurement of the cross-sectional area (CSA) of the skeletal

muscles in the upper thigh and intrahepatic lipid utilizing molecular
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imaging/spectroscopy (MRI/MRS) (Toshiba Excelart/Vantage 1.5 T MRI/MRS imaging
system; Canon, Otawara, Tochigi, Japan), c) physical function testing, and d) blood
sampling/analysis for hepatic, lipid and metabolic panels. Procedures were performed in
the Clinical Research and Imaging Facility on the UAF campus except for blood
sampling/analysis performed by LabCorp (1626, 30" Avenue, Fairbanks, AK).
Participants were asked to consume their assigned meal replacement (ie., EMR or
Optifast®) once each day for four weeks and return each week for refills of their
product. Participants returned once each week where research staff recorded their body
weight and the weight of any leftover product, and to provide refills of their respective
meal replacement. Participants refrained from alcohol consumption (24 h) and intense

physical activities (72 h) prior to pre- and post-supplementation study visits.
2.4. Body composition

Determination of fat mass, lean tissue mass, visceral fat mass and bone

mineral content was provided by DXA scans (General Electric iDXA; Madison, WI).
2.5. Magnetic Resonance Imaging/Spectroscopy

Measurement of the thigh muscle CSA and intrahepatic lipid were performed in

our laboratory as previously described [12].
2.6. Physical Function

Study participants were familiarized with functional tests prior to any
performance or measurements of grip strength, floor transfer time or walking
distance/speed. Participants were instructed to perform their grip strength

measurements three times using the hand-held dynamometer (Lafayette Instrument,
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Lafayette, IN) and the final value, in kilograms, was obtained from averaging the second
and third attempts. In the floor transfer test, we measured the amount of time required
to move from a standing position to a supine position and back up to a complete
standing position [13]. For the 6-minute walk test, the participant was instructed to walk
as fast as possible without assistance for the entire 6-minute period in an unobstructed

hallway. Time was recorded in meters/second obtained using a stopwatch [13].
2.7. Blood Measurements

Sampling and analysis of all blood samples was performed by LabCorp (1626,

30" Avenue, Fairbanks, AK) as previously described [12].
3. Results

Research Participants: Twenty-eight older, obese individuals were randomly assigned

to 4 weeks of isocaloric ingestion of either EMR (containing 16 grams of individual
EAASs) (n=13) or Optifast® (containing 16 grams of intact protein) (n=15) (Table 1) and

completed all aspects of testing

d0i:10.20944/preprints202101.0432.v1

Table 1. OF OF EMR EMR
related to body composition Macronutrients (grams) | (calories) | (grams) | (calories)
EAA’s 0 0 16 66
and physical function. Two Protein 16 66 6 24
Fat 4 32 3 27
.. . Carbohydrate 15 62 11 45
participants failed to complete Total 20 160 36 162

both MRI/MRS scans.
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Table 2. Clinical characteristics EMR (pre) EMR (post) | Optifast® (pre) | Optifast® (post)
Age (years) 67.2+4.9 69.245.3

Sex (m/f) 6/7 6/9

Body mass (kg) 86.61+9.3 85.8+9.1* 92.7+18.8 91.84£17.8
Body mass index (kg/m?) 30.94+2.3 30.5+0.6 33.745.0 33.3+4.8
Waist Hip Ratio 0.93+0.09 0.93+0.10 0.93+0.10 0.93+0.09

*Denotes significant reduction (P<0.05).

Body composition: There were no differences in baseline measurements of body

composition (Table 3). Body weight, fat mass and visceral fat mass were reduced in
EMR but not in Optifast®. Lean tissue mass was preserved in EMR but a trend towards

lean tissue mass reduction (P=0.06) occurred in Optifast® (Table 3).

Table 3. Body composition EMR (pre) | EMR (post) | Optifast® (pre) | Optifast® (post)
Body Fat (%) 40+2 39+7 41+8 4148
Adipose Tissue Mass (kg) 3316 32+5* 36110 338
Visceral Adipose Tissue Mass (kg) 1.8+0.8 1.740.2* 2.0+1.5 1.5+1.2
Android Adipose Tissue (%) 48+7 4816 4749 4519
Gynoid Adipose Tissue (%) 399 3918 41+10 41+10
Android/Gynoid Ratio 1.3+0.2 1.3+0.2 1.2+0.3 1.1+0.3
Trunk Adipose Tissue (%) 44+7 4316 43+7 41+7
Arm Adipose Tissue (%) 36+10 36110 37+10 36+10
Leg Adipose Tissue (%) 33+10 33+10 38+11 38+12
Lean Tissue Mass (kg) 51+10 51+9 52+12 50+12n
Appendicular Lean Tissue Mass (kg) 2415 2445 257 2416
Appendicular Lean Tissue Mass/BMI 0.7+0.2 0.8+0.1 0.7+0.2 0.7+0.2
Bone mineral density (g/cm?) 1.3+0.1 1.3+0.2 1.310.1 1.2+0.2

*Denotes significant reduction (P<0.05). "Represents trend towards reduction (P=0.06).

There were no changes in appendicular lean tissue mass or appendicular lean tissue
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mass/BMI in EMR or Optifast® (Table 3).

Skeletal muscle: Baseline thigh muscle CSA was not different between EMR (136+30

cm?) and Optifast® (142+34 cm?). Thigh muscle CSA increased significantly with EMR

but did not change with Optifast® (Figure 1)

cm?

Optifast® EMR

Figure 1. Change in the thigh muscle cross-sectional area with
Optifast® and EMR. *Denotes significant increase with EMR (P<0.05).

Liver lipid: There was a significant reduction in MRI/MRS-derived intrahepatic lipid with

EMR and no change with Optifast® (Figure 2).
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Figure 2. Change in intrahepatic lipid with Optifast® and MR. *Denotes significant
reduction with MR (P<0.05).

Physical function: There were no differences in baseline grip strength (kilograms), floor

transfer test (seconds) or six-minute walk (meters) between the two groups. No
changes in grip strength occurred with EMR or Optifast® (Table 4). The time required to
perform the floor transfer test was reduced in EMR but not in Optifast® (Table 4). Also,
there was a significant increase in the distance covered during the six-minute walk test

with EMR (A 21+26 m) but no significant change in Optifast® (A 22+54 m) (Table 4).

Table 4. Physical Function EMR (pre) | EMR (post) [ Optifast® (pre) | Optifast® (post)
Right Arm Grip Strength (kg) 3711 389 34+10 3611

Left Hand Grip Strength (kg) 37+11 3611 35+13 36113
Floor Transfer Test (sec) 8.9+2.9 7.9+2.3* 14.7+11.7 11.2+7.4

Six Minute Walk distance (m) 557169 578+76* 5414128 5631113
Walking Speed (m/sec) 1.5+0.2 1.6+0.2* 1.5+0.4 1.6+0.3

*Denotes significant improvement (P<0.05).

Blood parameters: Blood lipids were represented by total cholesterol, high density
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lipoprotein (HDL) cholesterol, low density lipoprotein (LDL) cholesterol and triglycerides.
Hepatic function was characterized by protein, albumin, total bilirubin, direct bilirubin,
alkaline phosphatase, aspartate aminotransferase, and alanine aminotransferase. The
metabolic panel was expressed by glucose, blood urea nitrogen, creatinine, blood urea
nitrogen/creatinine and eGFR. All baseline blood parameters were within normal limits

in both groups and were not affected by supplementation (Table 5).

Table 5. Blood parameters MR (pre) MR (post) Optifast® (pre) | Optifast® (post)
Total cholesterol (mg/dl) 178+33.4 176130 197134 186141
HDL cholesterol (mg/dl) 54415 53+14 59+15 61+14
LDL cholesterol (mg/dl) 102+27 101+27 118+32 108134
Triglycerides (mg/dl) 115450 111455 98+36 87+40
Protein (g/dL) 6.5+0.3 6.8+0.3 6.7+0,.4 6.8+0.4
Albumin (g/dL) 4.3+0.2 4.440.2 4.2+0.2 4.3+0.2
Total Bilirubin (g/dL) 0.6+0.3 0.4+0.3 0.5%+0.3 0.5+0.3
Direct Bilirubin (g/dL) 0.1+0.0 0.110.1 0.110.1 0.110.1
Alkaline Phosphatase (IU/L) 70+16 69+17 71+15 70+15
Aspartate Aminotransferase (IU/L) 21+4 22+3 24+7 2414
Alanine Aminotransferase (IU/L) 21+5 206 22+10 21+7
Glucose (mg/dL) 94114 101+30 102+50 93+10
Blood Urea Nitrogen (mg/dL) 1845 21+4 1944 2045
Creatinine (mg/dL) 0.840.1 0.91£0.2 0.91£0.2 0.91£0.2
BUN/Creatinine 2146 2445 21+4 2245
eGFR (mL/min/1.73) 81+14 76x14 74+13 75+16

. Discussion

The purpose of this study was to evaluate whether one serving/day of EMR for

4 weeks would maintain skeletal muscle and promote the reduction of adipose tissue in
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older, obese individuals. Our primary conclusion is that that provision of EMR enabled
the preservation of lean tissue mass and increased thigh muscle CSA, while reducing
excess adipose tissue and visceral adipose tissue. These beneficial changes occurred
in conjunction with increased functional capacity as indicated by improvements in the
floor transfer test and the six-minute walk test in with no undesirable side effects with
EMR. Therefore, it is apparent that the daily supplementation of a proprietary blend of
16 grams of EAAs included in EMR was more effective than Optifast® in promoting

positive changes in body composition and physical function in the obese elderly.

We have previously demonstrated the beneficial influence of EMR on whole
body protein synthesis, protein breakdown and net protein balance compared to a high
protein meal replacement (ie., Bariatric Advantage) in older, obese adults using stable
isotope methodology [14]. Our acute metabolic study utilizing a randomized, cross-over
design provided the initial “proof of concept” upon which we based the physiological
outcome study described herein. The profile of EAAs in EMR was formulated to
optimize translation of protein synthesis and overcome anabolic resistance in the
context of aging [15, 16]. The daily provision of EMR over the course of 4 weeks
promoted an increase in skeletal muscle in older, obese individuals. The beneficial
alteration in body composition occurred without any change in physical activity or
additional dietary manipulation. Unlike the use of growth hormone, testosterone or other
pharmaceutical approaches that are complicated by potential adverse side effects [17],
EMR did not elicit any serious adverse events or side effects. In fact, markers of hepatic
and kidney function were within normal limits at baseline and did not change over the

course of the 4-week study with the consumption of either EMR or Optifast®.
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MRI, or computed tomography (CT), derived measurement of thigh muscle
CSA represents the gold standard for the evaluation of muscle mass, as this method is
near identical when compared to cadaveric data [18]. Therefore, the significant increase
in thigh muscle CSA in EMR compared to a slight but not significant reduction in
Optifast® is particularly compelling. It is our assertion that EMR provides the requisite
EAAs required to overcome anabolic resistance in the elderly, presumably facilitated by
the optimization of intracellular translation, associated with the amino acid precursors in
the profile needed to support accelerated muscle protein synthesis [16,19]. The
improved muscle CSA in those receiving EMR translated to improvements in the six-
minute walk test and the floor transfer test; both of which have been tightly linked to
independent living and/or functional capacity in the elderly [20,21].

The reduction in whole body and visceral adipose tissue in the EMR group may
have been tied to the energy cost of accelerated protein synthesis [22]. For example,
we know that 20 kcals are used every 1 mol of amino acids incorporated into muscle
protein [23]. Based on a theoretical calculation using data from our previous study, the
stimulation of protein synthesis resulting from a single serving of EMR, multiplied by 30
days, would only account for an increased expenditure of 1596+143 kcals. Therefore, it
is likely that the provision of EMR several times throughout the day and/or as part of a
caloric restriction strategy would be more beneficial in promoting impressive reductions

in visceral and whole-body adipose tissue.

In addition to our concerns related to sarcopenic obesity in the elderly, we are
also aware that non-alcoholic fatty liver disease (NAFLD) has reached epidemic

proportions in the obese elderly [24]. Closely associated with insulin resistance and
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metabolic syndrome, NAFLD not only contributes to metabolic dysregulation and can
also lead to nonalcoholic steatohepatitis putting individuals at an increased risk for
fibrosis, cirrhosis and liver failure [25]. While the precise effects of increased amino acid
intake upon NAFLD are still unclear, previous work has demonstrated that 11 grams of
essential amino acids provided twice daily reduced intrahepatic lipid and plasma lipids
[26]. Pre-clinical studies suggest that energy requirements for amino acid metabolism
may enhance the oxidation of intrahepatic lipid [27]. While some studies have
suggested an association between elevated branched chain amino acid concentrations
and insulin resistance [28-30], we demonstrated a significant reduction in intrahepatic
lipid with once/day supplementation of essential amino acids in the form of EMR over
the course of one month in obese elderly (Figure 2). Our results are consistent with
considerable literature where BCAAS have been given to subjects without inducing

insulin insensitivity [31].

5. Conclusions

The EMR approach is unique in that the anabolic influence of the EAAs can be
maximized within the context of a single meal instead of multiple feedings throughout
the day. The positive benefits of EMR consumed daily for four weeks by our obese,
elderly participants occurred with no changes in physical activity or additional dietary
manipulation. Alternatives to the utilization of EMR are time-consuming and tedious with
limited pragmatic application in this cohort, offering relatively modest if any benefits
despite exceptionally high financial costs and the need for clinical supervision [32]. On

the other hand, daily provision of EMR for just one month promoted a net gain of thigh
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muscle CSA determined by MRI scans, as well as significant reductions in total fat
mass, and more importantly, visceral fat mass. EMR represents a new concept in
modification of body composition and metabolic health that can be achieved with

minimal inconvenience or stress to the user.


https://doi.org/10.20944/preprints202101.0432.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 January 2021 d0i:10.20944/preprints202101.0432.v1

Author Contributions: Conceptualization, R.R.W. and R.H.C.; Methodology, M.S.C.,
R.R.W., and R.H.C.; Formal Analysis, M.S.C., K.R.L., Z.B., C.J.M., T.B., B.R.N., and
R.H.C.; Investigation, M.S.C., K.R.L., C.J.M., B.R.N., and R.H.C; Data Curation, M.S.C.,
K.R.L., C.J.M., B.R.N., and R.H.C, Writing—original draft preparation, M.S.C.

and R.H.C; Writing—review and editing, M.S.C., C.J.M., R.R.W., and R.H.C; Project
Administration, M.S.C., T.B. and R.H.C.; Funding Acquisition; R.R.W. and R.H.C. All
authors have read and agreed to the published version of the manuscript.

Funding: Research reported in this publication was supported by Essential Blends, LLC.
Research support was also provided through P20GM130443 through the National
Institute of General Medical Sciences of the National Institutes of Health. The content is
solely the responsibility of the authors and does not necessarily represent the official
views of the National Institutes of Health. The University of Alaska Fairbanks, the
University of Arkansas for Medical Sciences, and James Madison University are
affirmative action/equal employment opportunity employers and educational institutions.

Acknowledgments: We recognize Katie Axelarris for her organizational contributions.
We would like to express our sincere appreciation to our participants from the Fairbanks
area that volunteered their time and effort for this study.

Conflicts of Interest: Coker and Wolfe are Managing Partners and Co-Owners of
Essential Blends, LLC that have received funding through the Small Business

Innovations in Research from the National Institutes of Health to develop clinical
nutrition products. We declare that the results of the study are presented clearly,
honestly, and without fabrication, falsification, or inappropriate data manipulation.


https://doi.org/10.20944/preprints202101.0432.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 January 2021 d0i:10.20944/preprints202101.0432.v1

References

1. Evans, W.J. What is sarcopenia? J. Gerontol. A Biol. Sci. Med. Sci. 1995, 50
Spec No: 5-8.

2. Cauley, J.A. An Overview of Sarcopenic Obesity. J. Clin. Densitom 2015, 18(4):
499-505.

3. Lee, J.; Hong, Y.P.; Shin, H.J,; Lee, W. Associations of Sarcopenia and
Sarcopenic obesity with metabolic syndrome considering both muscle mass and
muscle strength. J. Prev. Med. Public Heal. 2016, 49(1): 35-44.

4. Alalwan, T.A. Phenotypes of sarcopenic obesity: Exploring the effects on peri-
muscular fat, the obesity paradox, hormone-related responses and the clinical
implications. Geriatr. 2020, 5(1): 8.

5. Coker, R.H.; Wolfe, R.R. Weight Loss Strategies in the Elderly: A Clinical
Conundrum. Obesity 2018, 26(1): 22-28.

6. Weiss, E.C.; Galuska, D.A.; Khan, L.K.; & Serdula, M.K. Weight-Control Practices
Among U.S. Adults, 2001-2002. Am. J. Prev. Med. 2006, 31(1): 18-24.

7. Borkent, J.W.; Naumann, E.; Vasse, E.; van der Heijden, E.; de van der
Schueren, M.A.E. Prevalence and determinants of undernutrition in a sample of
dutch community-dwelling older adults: Results from two online screening tools.
Int. J. Environ. Res. Public Health 2019, 16(9): 1562.

8. Keller, H.H. Promoting food intake in older adults living in the community: A
review. Appl. Physiol. Nutr. Metab. 2007, 32(6): 991-1000.

0. Payette, H.; Boutier, V.; Coulombe, C.; Gray-Donald, K. Benefits of nutritional
supplementation in free-living, frail, undernourished elderly people: A prospective
randomized community trial. J. Am. Diet. Assoc. 2002, 102(8):1088-95.

10. Heymsfield, S.B.; Van Mierlo, C.A.J.; Van Der Knaap, H.C.M.; Heo, M.; Frier, H.I.
Weight management using a meal replacement strategy: Meta and pooling
analysis from six studies. Int. J. Obes. Metab. Disord. 2003, 27(5): 537-549.

11. Wilkinson, D.J.; Piasecki, M.; Atherton, P.J. The age-related loss of skeletal
muscle mass and function: Measurement and physiology of muscle fibre atrophy
and muscle fibre loss in humans. Ageing Res. Rev. 2018, 47: 123-132.

12. Coker, M.S.; Ladd, K.R.; Kim, J.; Murphy, CJ.; DeCort, R.; Newcomer, B.R.;
Wolfe, R.R.; Coker, R.H.; Essential amino acid supplement lowers intrahepatic
lipid despite excess alcohol consumption. Nutrients 2020, 12(1): 254.

13. Coker, R.H.; Hays, N.P.; Wiliams, R.H.; Wolfe, R.R.; Evans, W.J.; Bed rest
promotes reductions in walking speed, functional parameters, and aerobic fithess
in older, healthy adults. J. Gerontol. A Biol. Sci. Med. Sci. 2015 70(1): 91-6.

14. Coker, R.H.; Shin, K.; Scholten, K.; Johannsen, M.; Tsigonis, J.; Kim, I-Y.;
Schutzler, SE.; Wolfe, RR. Essential amino acid-enriched meal replacement
promotes superior net protein balance in older, overweight adults. Clin. Nutr.
2019, 38(6): 2821-2826.

15. Breen, L.; Phillips, S.M. Skeletal muscle protein metabolism in the elderly:
Interventions to counteract the ‘anabolic resistance’ of ageing. Nutr. Metab. 2011,
8:68. d0i:10.1186/1743-7075-8-68.

16 Katsanos, C.S.; Kobayashi H.; Sheffield-Moore M.; Aarsland.; Wolfe R.R. A high
proportion of leucine is required for optimal stimulation of the rate of muscle
protein synthesis by essential amino acids in the elderly. AJP Endocrinol. Metab.


https://doi.org/10.20944/preprints202101.0432.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 January 2021 d0i:10.20944/preprints202101.0432.v1

2006,291(2): E381-7

17. Alturki, M., Beyer, I., Mets, T. & Bautmans, I. Impact of drugs with anti-
inflammatory effects on skeletal muscle and inflammation: A systematic literature
review. Exp Gerontol. 2018, 114: 33-49.

18. Mitsiopoulos, N.; Baumgartner R.N.; Heymsfield, S.B.; Lyons, W.; Gallagher D.;
Ross, R. Cadaver validation of skeletal muscle measurement by magnetic
resonance imaging and computerized tomography. J. Appl. Physiol. 1998, 85(1):
115-22.

19. Paddon-Jones, D.; Sheffield-Moore, M.; Aarsland, A.; Wolfe, R.R.; Ferrando, AA.
Exogenous amino acids stimulate human muscle anabolism without interfering
with the response to mixed meal ingestion. Am. J. Physiol. Endocrinol. Metab.
2005, 288(4: E761-7.

20. Ardali, G.; Brody, LT.; States, R.A.; Godwin, E.M. Reliability and validity of the
floor transfer test as a measure of readiness for independent living among older
adults. J. Geriatr. Phys. Ther. 2019, 42(3): 136-147.

21. Kervio, G.; Carre, F.; Ville, N.S. Reliability and intensity of the six-minute walk test
in healthy elderly subjects. Med. Sci. Sports Exerc. 2003, 35(1): 169-74.

22. Deane, C. S. et al. Dietary protein, exercise, ageing and physical inactivity:
Interactive influences on skeletal muscle proteostasis. Proc. Nutr. Soc. 2020, 1-
12.

23. Wolfe, R.R. The underappreciated role of muscle in health and disease. Am. J.
Clin. Nutr. 2006 84(3): 475-82.

24. Bischoff, S.C.; Boirie, Y.; Cederholm T.; Chourdakis M.; Cuerda C.; Delzenne,
NM.; Deutz, NE.; Fouque, D.; Genton, L.; Gil, C.; Koletzko, B.; Leon-Sanz, M.;
Shamir, R.; Singer, J.; Singer, P.; Stroebele-Benschop, N.; Thorell, A.; Weimann,
A.; Barazzoni, R. Towards a multidisciplinary approach to understand and
manage obesity and related diseases. Clin Nutr 2017, 36(4): 917-938.

25. Patel, Y.A., Berg, C.L.; Moylan, C.A. Nonalcoholic fatty liver disease: key
considerations before and after liver transplantation. Dig. Dis. Sci. 2016, 61(5):
1406-16.

26. Barsheim, E.; Bui Q-U, T.; Tissier, S.; Cree, MG.; Rgnson, O.; Morio, B.;
Ferrando, AA.; Kobayashi, H.; Newcomer, BR.; Wolfe, RR. Amino acid
supplementation decreases plasma and liver triacylglycerols in elderly. Nutrition
2009, 25(3): 281-8.

27. Pichon, L.; Huneau, J.F.; Fromentin, G.; Tomé, D. A high-protein, high-fat,
carbohydrate-free diet reduces energy intake, hepatic lipogenesis, and adiposity
in rats. J. Nutr. 2006, 136(5): 1256-60.

28. van den Berg, E.H.; Flores-Guerrero, JL; Gruppen, EG.; de Borst, MH.; Wolak-
Dinsmore, J.; Connelly, M.A.; Bakker, S.J.L.; Dullaart, R.P.F. Non-alcoholic fatty
liver disease and risk of incident type 2 diabetes: Role of circulating branched-
chain amino acids. Nutrients 2019, 11(3): 705.

29. Gaggini, M.; Carli, F.; Rosso, C.; Buzzigoli, E.; Marietti, M.; Della Latta, V.;
Ciociaro, D.; Abate, M.L.; Gambino, R.; Cassader, M.; Bugianesi, E.; Gastaldelli,
A. Altered amino acid concentrations in NAFLD: Impact of obesity and insulin
resistance. Hepatology 2018, 67(1): 145-158.

30. Newgard, C.B.; An, J.; Bain, J.R.; Muehlbauer, M.J.; Stevens, R.D.; Lien, L.F.;


https://doi.org/10.20944/preprints202101.0432.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 January 2021 d0i:10.20944/preprints202101.0432.v1

Haqq, A.M.; Shah, S.H.; Arlotto, M.; Slentz, C.A.; Rochon, J.; Gallup, D.; llkayeva,
O.; Wenner, B.R.; Yancy Jr, W.S.; Eisenson, H.; Musante, G.; Surwit, R.S.;
Millington, D.S.; Butler, M.D.; Svetkey, L.P. A branched-chain amino acid-related
metabolic signature that differentiates obese and lean humans and contributes to
ionsulin resistance. Cell Metab. 2009, 9(4): 311-26.

31. Vieira, E.E.S.; Pereira, I.S.; Braz, A.F.; Nascimento-Ferreira, M.V.; de Oliverira
Torres, L.R.; de Freitas Brito.; do Nascimento Matrrerio, Dilina.; de Castro E
Sousa, J.; da Silva, F.C.C.; Torres-Leal, F.L. Food consumption of branched
chain amino acids and insulin resistance: A systematic review of observational
studies in humans. Clin. Nutr. ESPEN 2020, 40: 277-281.

32. Beavers, K.M.; Nesbit, B.A.; Kiel, J.R.; Sheedy, J.L.; Arterburn, L.M.; Collins, A.E.;
Ford, S.A.; Henderson, R.M.; Coleman, C.D.; Beavers, D.P. Effect of an energy-
restricted, nutritionally complete, higher protein meal plan on body composition
and mobility in older adults with obesity: A randomized controlled trial. Journals
Gerontol. - Ser. A Biol. Sci. Med. Sci. 2019, 74(6): 929-935.


https://doi.org/10.20944/preprints202101.0432.v1

