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Abstract

Background: Essential amino acids (EAA) and aerobic exercise (AE) acutely and independently stimulate skeletal muscle protein anabolism
in older adults.

Objective: In this Phase 1, double-blind, placebo-controlled, randomized clinical trial, we determined if chronic EAA supplementation, AE
training, or a combination of the two interventions could improve muscle mass and function by stimulating muscle protein synthesis.
Methods: We phone-screened 971, enrolled 109, and randomized 50 independent, low-active, nonfrail, and nondiabetic older adults (age
72 = 1 years). We used a 2 x 2 factorial design. The interventions were: daily nutritional supplementation (15 g EAA or placebo) and
physical activity (supervised AE training 3 days/week or monitored habitual activity) for 24 weeks. Muscle strength, physical function, body
composition, and muscle protein synthesis were measured before and after the 24-week intervention.

Results: Forty-five subjects completed the 24-week intervention. VO, peak and walking speed increased (p <.05) in both AE groups, irrespective
of supplementation type, but muscle strength increased only in the EAA + AE group (p <.05). EAA supplementation acutely increased (p <.05)
muscle protein synthesis from basal both before and after the intervention, with a larger increase in the EAA + AE group after the intervention.
Total and regional lean body mass did not change significantly with any intervention.

Conclusions: In nonfrail, independent, healthy older adults AE training increased walking speed and aerobic fitness, and, when combined
with EAA supplementation, it also increased muscle strength and EAA-stimulated muscle protein synthesis. These increases occurred without
improvements in muscle mass.
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Nutritional factors and inactivity are important contributors to
sarcopenia, the involuntary loss of skeletal muscle mass and func-
tion with aging (1,2). With aging, skeletal muscle protein synthesis
becomes resistant to the anabolic stimulation by feeding and resist-
ance exercise (anabolic resistance) (3,4). The intake of relatively
large amounts of essential amino acids (EAA) (3) or a single bout
of aerobic exercise (AE) (5) can acutely overcome the muscle ana-
bolic resistance of aging in healthy older individuals. If the positive
acute effects of EAA and AE on skeletal muscle protein anabolism
accumulate over time, it is reasonable to expect that prolonged EAA
supplementation, AE training, or a combination of the two may lead
to improvements in lean body mass and function in older adults.
Indeed, a study in frail, sarcopenic older women reported that EAA
supplementation when combined with strength and balance exercise
improved muscle strength more than exercise alone (6). However,
we do not know if EAA supplementation, AE training, or a combin-
ation of the two can enhance skeletal muscle mass and function and
prevent sarcopenia in healthier, nonfrail older men, and women with
adequate habitual protein intake.

The primary aim of this study was to determine in a placebo-
controlled, randomized, 2 x 2 factorial design, phase 1 clinical trial
if EAA supplementation and/or AE training can increase skeletal
muscle mass, strength, and function in healthy, low-active, inde-
pendent older adults. We also sought to test if acute changes in
muscle protein synthesis can predict the treatments’ long-term
effect, and whether the chronic intervention induced positive
or negative adaptations to the acute response to treatment. Our
hypothesis was that interventions that acutely activate muscle pro-
tein synthesis and anabolism will increase muscle mass, strength,
and function when administered chronically. Here, we report the
primary outcome results.

Materials and Methods

The protocol was approved by the Institutional Review Board (IRB)
of the University of Texas Medical Branch (UTMB) and registered in
ClinicalTrials.gov (NCT00872911).

Subjects

We included healthy, nonfrail, independent, normal to mildly obese
(body mass index, BMI: 19-33 kg/m?), low-active (less than 7500
steps/day weekly average) older adults (age range: 65-82 years) not
engaged in an exercise program. Exclusion criteria were: history of
falls; dietary protein intake below the estimated average requirement
(0.66 g/kg/day) or above 1.5 g/kg/day (reported intake 0.95 = 0.04 g/
kg/day); active cancer; diabetes; significant or unexplained weight
loss in the previous year; uncontrolled blood pressure; current
tobacco or illicit drug use; significant heart, lung, kidney, liver, or
hematologic disease; infections; and any other condition that would
preclude exercise. Screening tests included: medical history; physical
exam; food recall questionnaire; 3-day food diary; comprehensive
metabolic panel; complete blood count; urinalysis including drug
screening; 75 g, 2 h oral glucose tolerance test to screen for undiag-
nosed diabetes; step activity monitoring; electrocardiogram; and
exercise stress test.

Of 971 interested subjects screened over the phone, 109 were
enrolled, provided informed written consent, and were screened
at the Institute for Translational Sciences Clinical Research Center
(ITS-CRC). Fifty participants met the inclusion criteria and were
randomized into one of the four intervention groups.

Randomization

We used a block randomization scheme with stratification by sex.
To improve treatment adherence and fidelity, couples participating
together were assigned to a third stratum allowing for randomiza-
tion to the same intervention. Subjects were randomized into one
of four intervention groups: AE with EAA supplementation (EAA +
AE; n = 14), AE with placebo supplementation (PLA + AE; 7 = 11),
EAA supplementation only (EAA; n = 13), or placebo only (PLA;
n = 12). Assignment to EAA or PLA was double-blinded. The AE
intervention was unblinded. Of the 50 randomized participants, 45
subjects (30 women, 15 men) completed the study and were included
in the dataset (Figure 1, CONSORT Flow Diagram).

Study Design

Randomized subjects underwent strength, fitness, and functional
testing, and measurement of body composition and muscle protein
synthesis before and after 24 weeks of intervention with the assigned
treatment (Supplementary Figure 1).

Strength, Fitness, and Functional Tests

Tests were completed 10-14 days prior to the baseline muscle pro-
tein experiment and 7-14 days prior to the final muscle protein
experiment. Leg strength was assessed with a dynamometer (Biodex,
Shirley, New York). After warm-up, subjects performed an isokinetic
(120°/s) peak torque strength test on the right leg. Muscle quality
was calculated as isokinetic peak torque divided by whole leg lean
mass. Subjects also performed 20 m walk, 20 m walk with carry
(~10% body weight load), and 400 m walk tests at normal and fast
pace. Approximately 1-2 weeks prior to the first and the last muscle
metabolism experiment, we measured VO,peak using the modified
Bruce incremental treadmill test (7). Physical activity was monitored
for 1 week prior to the first acute experiment, and 1 week every 4
weeks throughout the intervention period using a step activity moni-
tor (StepWatch™, OrthoCare, Edmonds, WA). All days of the week
were averaged and reported as daily average steps.

Body Composition
Body composition was measured with dual-energy X-ray absorpti-
ometry (Lunar iDXA, GE Healthcare, Chicago, IL). The instrument
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Figure 1. CONSORT flow diagram.
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was calibrated before each scan. All scans were analyzed by the same
blinded technician.

Muscle Protein Synthesis
To determine if the interventions’ baseline acute effects on mus-
cle protein synthesis could predict their chronic effect on muscle
mass and function, and if chronic EAA supplementation or exer-
cise induced adaptations to the acute stimuli, we measured the acute
effects of the treatments on muscle protein synthesis using stable
isotope tracers before and at the end of the 24-week intervention
(Supplementary Figure 2). Subjects were admitted to the ITS-CRC
the day prior to the acute experiment. They were fed a standardized
dinner (10 kcal/kg; 60% carbohydrate, 20% fat, and 20% protein)
and an evening snack at 22:00 h. Water consumption was ad libitum.
After an overnight fast, a retrograde catheter was placed in a hand
or wrist vein. The hand was heated for arterialized blood sampling.
A second catheter was placed in an antecubital vein of the oppos-
ite arm for stable isotope tracer infusion (Supplementary Figure 1).
After collection of background blood samples, a primed continu-
ous infusion of L-[ring-"*C Jphenylalanine (priming dose: 2umol/kg,
infusion rate: 0.05pumol/kg/min) (time 0) was started. Approximately
120 min after starting the infusion, a basal muscle biopsy was col-
lected from the vastus lateralis of one leg. A second muscle biopsy
was collected at time 240 min from the same leg.

Immediately after the second muscle biopsy, EAA + AE and PLA
+ AE subjects walked on a treadmill for 45 min at ~70% of heart rate
reserve (HR ), whereas EAA and PLA subjects rested in bed. The
exercise dose was based on our preliminary data indicating it improves
anabolic sensitivity to nutrients (35). After the AE bout or rest, subjects
consumed the supplement to which they were randomized (EAA or
PLA). Those randomized to the EAA arms consumed 0.2g/kg body
weight of an EAA mix (40% L-leucine, 16.7% L-lysine, 11% L-valine,
10.7% L-isoleucine, 9.3% L-threonine, 6.7% L-phenylalanine, 3.3%
L-methionine, 1.7% histidine, and 0.7% L-tryptophan; Amino 140,
Ajinomoto, Kawasaki, Japan). Subjects randomized to the PLA arms
consumed 2 g of potassium bitartrate and 8 g of soluble wheat dex-
trin. Supplements and placebo were dissolved in 350 mL of water with
sugar-free flavoring. To prevent changes in blood tracer dilution due to
the ingestion of unlabeled amino acids, we enriched the EAA supple-
ment with L-[ring-"*C,]phenylalanine to achieve the expected blood
value (7%). A third and fourth muscle biopsy were collected 60 and
180 min after supplement consumption.

Muscle Samples

Muscle biopsies of the vastus lateralis were obtained using aseptic
procedure, local anesthesia, and a 5-mm Bergstrom needle. They
were immediately rinsed with ice-cold saline, and blotted. After
removal of any visible connective or adipose tissue, samples were
frozen in liquid nitrogen and stored at -80°C until analysis. Two
subjects in the placebo group elected to not participate in the muscle
biopsy component of the study.

Measurement of Muscle Protein Synthesis

Mixed muscle proteins and tissue free amino acids were separated
and analyzed by gas chromatography mass spectrometry (Agilent
Technologies, Palo Alto, CA) (8). Muscle protein fractional synthetic
rate (FSR) was calculated using the precursor—product method (8).
Basal muscle protein FSR was calculated using enrichments meas-
ured in the first and second biopsy; post-treatment FSR was calcu-
lated using enrichments measured in the third and fourth biopsy.

ExerciseTraining

Subjects randomized to the EAA + AE or PLA + AE group partici-
pated in three nonconsecutive days per week of progressive AE train-
ing for 24 weeks. Subjects walked on a treadmill for 45 min at 70%
HR . plus 5-min cool down. All sessions were supervised by a
study team member. Speed and incline of the treadmill was adjusted
to keep the subject within 5% of the target heart rate during the

entire exercise session (Polar FS1, Polar USA).

Chronic Supplementation

Subjects consumed their assigned supplement daily, between meals,
and at the same time of day. Subjects in the exercise arms consumed
the exercise day supplements within 1 h after the training session, and
kept the timing consistent on nonexercise days. The EAA + AE and
EAA subjects consumed 15 g of the same EAA mix used in the muscle
experiment, and PLA + AE and PLA subjects consumed the same pla-
cebo supplement of the muscle experiment. The EAA dose (15 g) was
selected based on previous data suggesting it can stimulate muscle
protein anabolism (9). Supplements were dissolved in a calorie-free
beverage. Every 14 days subjects met with a study team member to
receive fourteen individual supplement containers and return the pre-
vious 14 containers, regardless of whether the containers were empty
or full. Container count was used to measure adherence.

Statistical Analysis

For all comparisons, data were transformed using the Box-Cox fam-
ily of transformations to improve model fit. To analyze the outcomes
at the pre-time point, a two-way ANOVA model was used with
contrasts to test the differences among treatment groups. For the
comparison at the post time point, all effect sizes and means were
estimated after being standardized using an ANCOVA model to the
mean pre value. Contrasts were used to test group effects. Variables
with known sex differences (leg strength, body composition) were
adjusted for sex. All statistical analyses were conducted with statis-
tical software (R, ver.3.2.2). Level of significance was set at p < .05.
All reported values are mean = standard error (SE).

Results
Safety

No adverse events related to the interventions were reported. One
subject was diagnosed with stage 3 lung cancer immediately after
study completion, which was deemed study unrelated, and excluded
from final analysis.

Adherence

Supplement adherence was 92% with no differences between groups
(data not shown). Exercise training adherence was 94% with no dif-
ferences between the two groups randomized to the exercise arms
(data not shown). Subjects randomized to the nonexercise arms did
not modify their average physical activity level during the study
(EAA: pre-treatment 3,733 = 302, during treatment 3,512 = 373;
PLA: pre-treatment 4,335 = 308, during treatment 4,051 = 317;
steps/day). Those randomized to the exercise arms significantly
(p = .01941) increased their average physical activity level (EAA +
AE: pre-treatment 3,819 = 480, during treatment 5,181 = 248; PLA
+ AE: pre-treatment 4,159 = 480, during treatment 4,982 = 428;
steps/day based on weekly average including exercise and nonex-
ercise days).
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Body Composition

There were no baseline body composition differences between
groups (Table 1). With the intervention, body weight (p = .026), BMI
(p = .0153), and total fat mass (p = .00199) decreased in the PLA +
AE group, and fat mass increased by 1 kg in the EAA group, but the
change did not reach statistical significance (p = .060). Total and leg
lean mass did not change in any group.

Functional Measures

VO,peak was not different between groups before intervention
(Table 1). VO, peak increased (p < .05) in the AE groups following
training. There were no changes in 400 m walking speed at nor-
mal pace (p > .05). The 400-m walking speed at fast pace increased
(p < .05) in the AE groups. The 20-m walking speed with no carry
did not change in any group (p > .05). The 20-m walking speed with
carry increased (p < .05) in both EAA groups, and tended to increase
in PLA + AE (p = .08). Leg isokinetic extension (120°/s) increased
only in the EAA + AE (p = .0336) group. Muscle quality (leg strength/
leg lean mass) also increased in the EAA + AE group (p = .00238).

Muscle Protein Synthesis

Basal muscle protein synthesis was not different between groups
before or after chronic intervention (Figure 2). Acute treat-
ment increased muscle protein synthesis only in the two groups
randomized to EAA before (EAA + AE: from 0.0497 = 0.01
to 0.1020 = 0.02%/h, p = .0222; EAA from 0.0593 = 0.01 to
0.0977 = 0.02%/h, p = .00527) and after chronic intervention
(EAA + AE: from 0.0629 = 0.01 to 0.1166 = 0.01%/h, p = .00175;
EAA: from 0.0511 = 0.01 to 0.0816 = 0.01%/h, p = .0223).

The absolute acute increase in muscle protein synthesis after inter-
vention was larger (p < .05) than that measured before chronic inter-
vention in the EAA + AE group only. There were no relationships
between treatment-induced acute changes in muscle protein synthe-
sis and chronic changes in leg lean mass (R?> = =0.0008) or strength

(R? = -0.0323).

Discussion

The main finding of our study was that muscle strength and quality
increased with AE training when combined with daily EAA supple-
mentation in generally healthy, low active, independent older adults
consuming an adequate protein intake. These results confirm in part
our hypothesis that interventions that acutely improve muscle pro-
tein anabolism can chronically enhance muscle function. They also
suggest that moderate intensity aerobic training when combined
with increased EAA intake may be a viable alternative to resistance
exercise training for improvement of strength and physical function
in independent older individuals.

However, contrary to our original hypothesis, the functional im-
provement attained with aerobic training plus EAA supplementation
was not associated with an increase in lean mass. While disappoint-
ing, this result does not substantially detract from our main finding.
Several observational studies have shown that strength, gait speed,
and endurance, but not muscle mass, are associated with mobility
limitation and mortality in older adults (10,11). A meta-analysis of
resistance exercise training and protein/amino acid supplementation
studies also shows that increases in muscle strength and physical
function may not be directly associated with increases in muscle
mass (12). There are several potential reasons for the lack of changes

Table 1. Body Composition, Aerobic Fitness, Strength, and Walking Speed Pre- and Post-Intervention

EAA + AE EAA PLA + AE PLA
(n=10) (n=13) (n=11) (n=11)
Pre Post Pre Post Pre Post Pre Post
Body weight (kg) 74.5 = 3.8 74.3 £ 3.7 71.7 £ 3.5 72.7 = 3.6 69.8 2.4 68.2 £2.2% 75.9 = 3.0 76.7 £ 3.2
BMI (kg/m?) 26.6 = 0.8 26.5 0.7 26.5+1.0 26.9 = 1.0 26.0+1.0 254 +0.9% 28.0+0.8 28.3+0.9
Total lean mass (kg) 442 2.6 443 +2.4 41.7 2.4 42.1+2.6 40.7 = 2.0 40.8 = 2.0 42.0 =2.6' 42327
Total fat mass (kg) 26.9 = 1.7 26.6 =1.9 26.7+2.0 27.7 +2.2% 25.8+2.0 241 +1.8% 30.4 = 2.3" 30.7 = 2.4
Leg lean mass (kg) 15211 15.3 1.0 13.9 0.9 13.9 0.9 13.4 0.6 13.3+0.7 14.0 = 0.9" 14.0 £ 0.9"
VO,peak (mL/kg/min)  24.5 = 1.8 28.3 £ 2.7% 22.0 = 1.0 229=+1.4 22.5+1.0 26.0 = 1.6% 21.8 = 1.1 22917
Isokinetic leg strength ~ 72.8 £ 9.8 84.6 = 10.9* 65.2 7.4 66.4 = 6.9 52.7+3.9 58352 64.5 = 8.6 71.6 +7.3
(Nm)
Muscle quality 9.4 +0.9 10.7 = 0.8* 9.4 + 0.8 9.7 + 0.7 8.0 0.6 8.8 0.6 9.8 = 0.91 10.4 = 0.7+1
(Nm/kg)
400 m walk, 1.22 +0.07°  1.24 = 0.08° 1.15 = 0.05 1.14 = 0.05 1.18 £ 0.06  1.20 = 0.06 1.15+0.04 1.15+0.05
normal (m/s)
400 m walk, 1.38 +0.085 1.46 =0.09%5  1.38 £ 0.04*  1.39 = 0.04* 1.35+0.07 1.41+0.06* 1.37+0.06 1.35=0.06
fast (m/s)
20 m walk, 1.83 +0.145  1.89 = 0.14% 1.72 + 0.09 1.79 = 0.09 1.68 +0.12 1.76 + 0.10 1.69 +0.10 1.77+0.11
no carry (m/s)
20 m walk, 1.83 +0.155 2.08 £0.21*5  1.68 £ 0.07 1.82+0.11* 1.67+0.11 1.77«0.10+ 1.72+0.10 1.76 = 0.12

with carry (m/s)

Note: All reported values are mean = SE. AE = aerobic exercise; BMI = body mass index; EAA = essential amino acids; PLA = placebo supplementation.

*Post value is different (p < .05) than pre value.

#Trend for post value to be different (p < .10) than pre value.

7 = 9 due to missing data for one subject.

I = 10 due to missing data for one subject.

12 = 9 due to missing data for one subject and one excluded outlier.
*n = 12 due to missing data for one subject.
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Muscle Protein Synthesis
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Figure 2. Muscle protein fractional synthetic rate (FSR) in the basal state and
in response to acute treatment with the nutritional supplement [essential
amino acids EAA, or placebo placebo supplementation (PLA)] with or without
aerobic exercise (AE), before (A) and after (B) 24 weeks of chronic treatment
with the same intervention. Treatment effect, *p < .05 compared to basal;
time effect, 'p < .05 compared to pre-intervention.

in lean body mass in our study: inclusion of healthy, independent
older individuals with adequate protein intake; a possible increase
in muscle protein breakdown with AE offsetting the increases in
protein synthesis (13); weight loss with aerobic training; need for a
longer intervention (1-2 years); sensitivity of the DXA instrument;
or insufficient mechanical stain to promote growth with the exer-
cise routine. A previous study of sarcopenic frail older women found
that a 3-month strength, balance, and gait training combined with
EAA supplementation increased not only muscle strength, consistent
with our findings, but also muscle mass (6). However, the exercise in
that study included resistance training, which increases muscle mass
(14,15). Unfortunately, there are greater barriers for older adults to
participate in resistance training programs as compared to aerobic
training (16): need for specialized equipment and professional super-
vision, psychological barriers (17), and cost (18). Additionally, com-
pliance with home-based resistance training is low (19). Conversely,
aerobic training using the walk/run method is preferred by older
adults (20), and does not require specialized equipment or costly
gym memberships. This type of training can be safely performed in-
dependently or in groups using common spaces (eg, sidewalks, malls,
trails), which may improve adherence. Thus, aerobic training with
EAA supplementation can be an effective intervention when strength
gains are desirable and increases in muscle mass not necessary. If

increases in muscle mass are needed, cycling exercise may be another
alternative to resistance training, as it can induce muscle hyper-
trophy in older adults (21).

The chronic changes in physical function and lean mass were
unrelated to the baseline acute effects of the treatments on muscle
protein synthesis. Both groups receiving EAA exhibited an acute
increase in muscle protein synthesis, but only the EAA + AE group
had a chronic increase in strength. This is consistent with recent data
in young (22) and older (23) adults suggesting the anabolic stimulus
during the initial days of exercise training may not predict the long-
term changes in muscle and lean mass (24). Nonetheless, the muscle
protein synthetic response to AE plus amino acid supplementation
increased with chronic treatment, suggesting a positive adaptation to
the anabolic stimulus that might have contributed to the overall posi-
tive response to treatment. Anabolic resistance to nutrient ingestion
(25,26) and resistance (4,27), but not aerobic (28), exercise has been
reported in older adults. We used an amino acid dose large enough
to stimulate muscle protein synthesis, but the larger protein synthetic
response of the EAA + AE group after the 24-week intervention indi-
cates an improvement in anabolic sensitivity. The opposite occurs
with resistance and multicomponent exercise training, which short-
ens the duration but not magnitude of the response (29).

In our study, muscle protein synthesis or mass did not improve
with EAA supplementation alone. Previous studies have yielded
mixed results, reporting increases in lean mass and basal but not
amino acid-stimulated muscle protein synthesis (9), increases in
basal and amino acid-stimulated protein synthesis with no change in
lean mass (30), or increases in lean mass and function (31). Variable
duration, composition, and doses of the amino acid intervention may
have contributed to the conflicting results. Overall, chronic amino
acid supplementation in healthy older adults may not increase lean
mass, even when the muscle protein synthetic response is enhanced
(32,33), possibly due to proteostasis (34,35). Benefits of EAA sup-
plementation may be greater in ill, malnourished, or frail elders (32),
but future research is warranted.

Interestingly, fat mass and weight tended to increase in the EAA
group, while they did not in the EAA + AE group, and decreased in the
PLA + AE group. Loss of fat mass and total weight with aerobic training
is not surprising (36) and should not be a concern in this geriatric popu-
lation considering the significant gain in physical function. We speculate
that EAA supplementation in older adults with habitual adequate diet-
ary protein intake may stimulate lipogenesis and lead to fat gain unless
the supplement is combined with AE (37). In our study, EAA supple-
mentation prevented the exercise induced weight and fat loss.

Aerobic training improved aerobic capacity and the 400-m walk-
ing speed at fast pace, regardless of supplement type, as expected.
Gait speed is a key component in the diagnosis of sarcopenia (38) and
a critical factor influencing independence in older adults (39). While
the baseline walking speed of all our subjects was higher than the cut-
off for sarcopenia (>0.8-1 m/s), the increases in walking speed and
aerobic capacity indicate that our interventions increased mobility
and functional reserve. Interestingly, EAA supplementation with or
without exercise improved also the 20-m walk with carry perform-
ance, possibly due to increased muscle remodeling: EAA stimulated
muscle protein synthesis in the absence of changes in lean mass, sug-
gesting concomitant acceleration of proteolysis and turnover.

Average weekly physical activity (encompassing both exercise
and nonexercise days) increased in the two exercise groups, indi-
cating that training did not substantially reduce the spontaneous
nonexercise activity. This is an important finding, which underscores
how structured progressive aerobic training does not significantly
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impact the nonexercise usual behavior in healthy older adults as
it occurs with resistance training (15). Subjects were monitored to
exercise at ~70% HR

rate at a walking pace, they had to walk at an incline, which might

. during each session. To achieve this heart

have contributed to the increases in leg strength. However, since only
the EAA + AE group, not the AE only group, had an increase in
strength, we believe that the treadmill incline was not responsible for
the strength gains in the EAA + AE group.

In addition to the novelty of testing the effects of EAA and AE for
6 months in healthy, independent older adults on physical function,
body composition, and muscle metabolism, strengths of our study
were: careful selection of participants to exclude protein malnour-
ished individuals; supervising all exercise sessions; double-blinded,
placebo-controlled nutritional intervention; high (>90%) adherence
rate with all treatments. Limitations were the stringent inclusion cri-
teria selected to narrow the study cohort to truly healthy, nonfrail,
and independent older adults with adequate protein intake and no
metabolic impairments or contraindications to exercise training.
This approach restricted the potential subject pool, as demonstrated
by the 971 phone calls we fielded to enroll 109 subjects and random-
ize 50. Future studies including frail and/or undernourished older
adults with mobility limitations are warranted (40).

In conclusion, EAA supplementation when combined with AE
training increased muscle strength and physical function in healthy,
independent older adults. AE per se, regardless of supplementation,
improved endurance, and aerobic fitness, while EAA supplementa-
tion improved walking speed with carry and prevented weight and
fat loss in exercisers. However, lean body mass was unaffected by the
interventions and the acute changes in muscle protein synthesis did
not predict the long-term treatment effects.
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Supplementary data is available at The Journals of Gerontology,
Series A: Biological Sciences and Medical Sciences online.
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