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Abstract

We have investigated the hypothesis that nutritional supplementation of the diet in low-physical-functioning older individuals with a
specially formulated composition based on essential amino acids (EAAs) would improve physical function as compared to supplementation
with the same amount of whey protein. A third group of comparable volunteers were given nutrition education but no supplementation
of the diet. After 6 weeks of whey protein supplementation (n = 32), there was no effect on the distance walked in 6 minutes, but the
distance walked improved significantly from the pre-value after 12 weeks of whey supplementation. EAA consumption (7 = 28) significantly
improved walking distance at both 6 and 12 weeks. The distance walked at 12 weeks (419.0 = 25.0 m) was 35.4 m greater than the
pre-value of 384.0 =+ 23.0 m (p < .001). The increase in distance walked by the EAA group was also significantly greater than that in the
whey group at both 6 and 12 weeks (p < .01). In contrast, a decrease in distance walked was observed in the control group (7 = 32) (not
statistically significant, NS). EAA supplementation also improved grip strength and leg strength, and decreased body weight and fat mass.
Plasma low-density lipoprotein concentration was significantly reduced in the EAA group, as well as the concentration of macrophage
migration inhibitory factor. There were no adverse responses in any groups, and compliance was greater than 95% in all individuals
consuming supplements. We conclude that dietary supplementation with an EAA-based composition may be a beneficial therapy in older
individuals with low physical functional capacity.

Clinical Trials Registration Number: This study was registered with ClinicalTrials.gov: NCT 03424265—“Nutritional interventions in
heart failure.”

Keywords: Essential amino acids, Exercise, Human aging, Nutrition

Low physical functioning (LPF) is a common problem in aging,
particularly in individuals with diminished heart or lung function.
Regardless of the specific underlying pathology, LPF is associated
with fatigue that leads to sedentary behavior and further deteri-
oration of functional capacity (1). Reversing the rate of decline
in physical function with aging has proven to be challenging (1).

© The Author(s) 2021. Published by Oxford University Press on behalf of The Gerontological Society of America. All rights reserved.
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Pharmacologic treatment of conditions that lead to low function
can often be complex in the older due to multiple comorbidities
(2). Further, drugs that target cardiac function have often failed
to improve physical functional capacity (3). In particular, both
angiotensin-converting enzyme inhibitors and beta-blockers may ad-
versely affect skeletal muscle function (4). Exercise training in older
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adults with LPF has improved functional performance in some cases
(5), but not in all (6). Even if a participant benefits from a structured
exercise program, gains are lost if the participant drops out (7).

The traditional approach to improving physical function in in-
dividuals with LPF related to deficits in cardiopulmonary function
has been to target heart and lung function with exercise training
(6). However, there may be a dissociation between improvements in
heart/lung and submaximal physical function (ie, walking) following
exercise training in LPF older adults (6). This dissociation may reflect
circumstances in which the performance of submaximal exercise is
limited by impaired skeletal muscle function (8). Improving skeletal
muscle function in LPF older adults could therefore be a previously
underappreciated therapeutic approach. In that regard, it is possible
to improve skeletal muscle function with nutritional therapy.

Supplementation of the diet with essential amino acids (EAAs)
can ameliorate the decline in skeletal muscle function in older individ-
uals. EAAs are the active components of dietary protein responsible
for the stimulation of muscle protein synthesis (9). Supplementation
of the diet with EAAs increases lean body mass, muscle strength,
and physical function in healthy older subjects (10,11). Older adults
with LPF may benefit similarly from daily supplementation of the
diet with EAAs. A single dose of EAAs stimulated net whole body
protein synthesis in individuals with heart failure (12), chronic ob-
structive pulmonary disease (COPD) (13), and peripheral artery
disease (14)—all conditions that are associated with LPE It is likely
that supplementation of the diet with EAAs would be more effective
than supplementation with dietary protein (eg, whey protein), based
on the greater stimulation of protein synthesis by EAAs (15), but
there has not been a clinical trial in which EAAs and whey protein
have been directly compared.

It was the primary goal of the current study to investigate the hy-
pothesis that 12 weeks of dietary supplementation with a specially
formulated composition based on EAAs improved would improve

Table 1. Patient Characteristics

physical function in LPF older subjects. The responses to EAA sup-
plementation were compared to the responses to dietary supple-
mentation with the same amount of whey protein. As secondary
outcomes, we have measured a variety of cytokines, including
macrophage inhibitory factor (MIF). While the duration of the inter-
vention was likely to be too short to produce measureable changes in
heart function, MIF has been associated with several aspects of heart
failure, including systemic inflammation (16).

Method

Subjects

A total of 90 individuals, aged 66-86 years of age, participated.
Subject inclusion criteria were not specific to race or ethnicity, and
included those with a body mass index (BMI) between 18 and 45 kg/
m?, although the average BMI was over 30 kg/m?. All of our subjects
had some degree of previously diagnosed cardiac disease, so we used
the New York Heart Association Functional Classification system to
characterize their physical capacity (17). We used participants with
level 1, I, or III symptoms. Most participants were either level I or
II (Table 1).

Exclusion criteria included the following: allergy to milk or soy
products; hemoglobin < 10 g/dL; eGFR < 30; hemoglobin Alc > 10;
inability to perform strength and/or functional assessments; myo-
cardial infarction in the past 6 months; unstable angina; moderate-
to-severe heart valve disease; infiltrative, restrictive or hypertrophic
cardiomyopathy; dementia, as determined by a SLUMS score of <20
active inflammatory bowel disease; having received chemotherapy or
radiation therapy within the past 12 months; currently undergoing
tube feeding; currently receiving palliative care for end-of-life cir-
cumstance; and unwilling to refrain from using nonstudy protein/
amino acid supplements during their participation in this study. In
addition, potential subjects with any disease that specifically impaired

Whey Protein EAA Education Only
Category Specific Factor n n n
NYHA class NYHA class 1 13 11 6
NYHA class 2 17 14 21
NYHA class 3 2 3 3
NYHA class 4 0 0 0
Echocardiography EF > 60% 15 14 11
EF < 40%-55% 2 1 1
Other comorbidities HTN 26 18 19
HLP 12 12 7
Atrial fibrillation 4 3 0
Pacemaker and/or defibrillator 1 1 0
CAD 8 9 4
DM 3 1 N
COPD/other lung disease 4 6 3
Medications ACEI/ARB 19 12 11
Beta-blockers 11 11 N
Calcium channel blockers 14 10 9
Diuretics 13 7 10
Anti-arrhythmias 2 2 0
Short- or long-acting nitrates 1 1 2
Statins 17 10 3

Note: ACEI = angiotensin-converting enzyme inhibitor; ARB = angiotensin II receptor blocker; CAD = coronary artery disease; COPD = chronic obstructive
pulmonary disease; DM = diabetes mellitus; EAA = essential amino acid; EF = ejection fraction; HLP = hyperlipidemia; HTN = hypertension; NYHA = New York

Heart Association.
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functional capacity, such as Parkinson’s disease, myasthenia gravis,
major anxiety/depression, moderate hypothyroidism, and neuro-
logical diseases that cause gait impairment (eg, amyotrophic lateral
sclerosis, stroke), were excluded. Individuals with orthopedic limita-
tions in walking were also excluded. Table 1 presents a summary of
participant characteristics.

Written and witnessed informed consent was obtained on Study
Visit 1 from all subjects after all experimental procedures were de-
scribed in detail, including the risks and potential benefits. The study
was approved by the University of Arkansas for Medical Sciences
Institutional Review Board. Once consent was obtained, study
staff administered and scored the SLUMS test for dementia (18). If
the score was >20, subsequent study procedures were performed.
A medical history and list of current medications were obtained, and
height, weight, body temperature, and blood pressure were meas-
ured. A blood sample was drawn (approximately 15 mL) for criteria-
related tests, and a physical examination was performed. The subject
was admitted to the study if all inclusion criteria were met and no
exclusion criteria were identified.

Experimental Design

Overview

Two groups of subjects were randomly assigned to consume daily for
12 weeks one of 2 different nutritional supplements (an EAA-based
composition or whey protein isolate). A third comparative group
of subjects received only nutritional education. The principal end
points were the changes (post- minus prestudy values) in the 6-mi-
nute walk test as a reflection of physical function (19,20) and grip
strength as a reflection of strength (21). Muscle strength, expressed
as peak torque, measured by means of a Cybex Dynamometer (22),
was a secondary end point. Values were determined at the beginning
and after 6 and 12 weeks of dietary supplementation. In addition,
body composition was determined by dual-energy X-ray absorpti-
ometry, and a variety of blood tests were performed at baseline and
after the intervention. Brain natriuretic peptide, creatinine, HbAlc,
high-density lipoprotein, and low-density lipoprotein (LDL), and tri-
glycerides were measured commercially by Lab Corp (Dallas, TX).
In addition, a variety of cytokines were measured by Elisa (TNE-
alpha, IL6, IL1-beta, IL10, IL17, IL 18, MIF, and VEGF). Three-day
dietary records were performed at the beginning, middle, and end of
the intervention period.

Randomization

The 2 groups receiving nutritional products were randomized in
double-blind fashion. The education group could not be blinded to
either the investigators or subjects, since they did not receive any nu-
tritional supplementation. Consequently, results from the 2 groups
receiving nutritional supplements were compared statistically with
each other but not with the education-only group. A permuted block
randomization, with random block sizes of 2 or 4, was used to assign
subjects to one of the 2 groups receiving nutritional supplements.
The randomization procedure was stratified by sex. A randomiza-
tion procedure was implemented using sealed envelopes, each one
being labeled with stratification level (sex) and a label number that
was sequential within each group. As a participant was identified
and enrolled, the study coordinator ascertained sex, which deter-
mined the set of randomization envelopes to be used. The study
coordinator then opened the lowest numbered envelope, which re-
vealed group assignment.

Nutritional Supplements

Participants receiving nutritional supplementation were instructed
to consume a daily dose of 15 g of a proprietary EAA-based com-
position or 15 g of a whey protein isolate composition daily for
12 weeks. Products were supplied by The Amino Company, LLC
(Lewes, DE). The EAA composition contained histidine, isoleu-
cine, leucine, lysine, methionine, phenylalanine, threonine, valine,
tryptophan, citrulline, and carnitine (12 g total per dose) and 3 g
of noncaloric flavoring. The principal target of the formulation is
to increase the functional capacity of skeletal muscle by increasing
the rate of protein turnover, thereby replacing older muscle fibers
with better-functioning new fibers (23). Key to this goal, the EAA-
based formulation contains a relatively large proportion of leucine
in order to overcome anabolic resistance due to downregulation
of the intracellular signaling factor mTORC1 and downstream
factors involved in initiating protein synthesis in adults with LPF
(24). The profile of the other EAAs in the formulation is based
on the goal of each individual EAA entering the muscle cell at
a rate proportional to its prevalence in muscle protein, since all
EAAs are needed to produce a complete protein. To determine
the optimal profile of EAAs to achieve this goal, we developed a
tracer method to quantify amino acid transmembrane transport
rates in muscle (25). The resulting formulation of EAAs (with high
leucine) can overcome anabolic resistance (as determined by the
measurement of muscle protein turnover) in healthy older (24).
The inclusion of citrulline in the formulation addresses the issue
of impaired vasoregulation stemming from inadequate production
of nitric oxide (NO) in older individuals with LPE. Citrulline is
the precursor of endogenously produced arginine, which, in turn,
is the precursor of NO synthesis. Because of high utilization of
orally ingested arginine by the gut and high first-pass clearance by
the liver, dietary supplementation with arginine is only marginally
effective in raising peripheral arginine availability. Dietary supple-
mentation with citrulline, on the other hand, is more effective in
increasing arginine availability. In contrast to arginine, splanchnic
clearance of citrulline is low, and the renal conversion of citrulline
to arginine is efficient. We have recently shown that citrulline in-
gestion stimulated production of arginine and NO in older indi-
viduals with heart failure (26). Finally, the amino acid carnitine
was added to the EAA-based formulation. Adequate ability to
oxidize fatty acids is central to performing low-intensity exercise
(27). The ability to transport long-chain fatty acids into the mito-
chondria via carnitine palmitoyl transferase-1 (CPT-I) is generally
rate-limiting for the oxidation of fatty acids (28), and treatment
with L-carnitine can restore CPT-1 activity in an animal model
of heart failure (29). In a previous study, the EAA-based formu-
lation stimulated a greater increase in net protein synthesis than
consumption of a commercial formulation specifically designed to
promote anabolism in heart failure (12).

The whey protein isolate composition contained approximately
13.5 g whey protein isolate (90% protein) and 1.5 g noncaloric fla-
voring. Subjects and investigators were blinded with regard to which
product they were taking. Product containers were coded so that
only the statistician knew the product identity. The blind was broken
only after all study visits were completed and all data were entered
into a database.

Both study products were packaged in 200 g sealed containers.
Participants were instructed to dissolve 1 scoop of supplement (con-
taining approximately 15 g of product) into ~10 ounces of water
and stir/shake until fully dissolved. The supplements were consumed
between meals in 2 equal servings per day. Participants saved the
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empty containers and returned them to the study site for purpose of
determining compliance.

Nutritional Education

The Education-only older LPF group was under a separate IRB-
approved protocol for nutritional education and run concurrently
with the randomized, double-blind trial in which EAA and whey
protein supplementations were assessed. Participants were given ini-
tial instruction upon enrollment, including encouragement to remain
active. Participants were given a food diary and activity log, with
the thought that activity would be encouraged by daily recording.
Nutritional education was given in 3 classes in which basics of carbo-
hydrate, protein, and fat nutrition were covered. The pre- versus post-
test results from the education group were compared statistically in
order to assess any learning effect of the measured parameters.

Diet analysis

Subjects were instructed on the proper completion of a dietary re-
cord. Records were kept during the first and last weeks of the inter-
vention. Recordings were kept for 2 weekdays and 1 weekend day.
Data were analyzed using special computer software (Esha Research
Inc, 4747 Skyline RD, Ste. 10, Salem, OR 97306). No significant dif-
ferences were found between the first and second recording periods,
so data from each 3-day period were averaged.

Statistical analysis
Summary statistics included frequencies and percentages (for binary
variables) or means and for numeric variables. The 1-sample ¢ test
for parametric distributions or the Wilcoxon signed rank test for
nonparametric distribution were calculated to compare values after
6 and 12 weeks of supplement consumption or nutrition education.
These values were then compared statistically with the corresponding
preintervention value for each group. In addition, the magnitude of
change from the pre-value at 6 and 12 weeks in the EAA group was
compared with the corresponding value in the Whey Protein group
using the 2-sample ¢ test (for parametric data) or Mann-Whitney U
(for nonparametric data). Further analyses within each group evalu-
ated possible relationships between outcomes and clinical param-
eters with Pearson’s R (for parametric data) or Kendall’s Tau (for
nonparametric data).

Statistical analyses were performed using SAS version 9.4. A sig-
nificance level of .05 was applied to 1-sided hypotheses. Missing data
were not imputed.

Results

Compliance

Compliance was acceptable for all participants who completed all
aspects of the study protocol (32 subjects in the Whey Protein group,
28 subjects in the EAA group, and 32 subjects in the Education
group). Participants consumed 103% of the total intended EAA dos-
ages and 109% of the intended whey protein doses over the 12-week
intervention. Consumption was as low as 50% of the assigned dos-
ages over a single week in a few individuals, but at least 95% of
assigned doses were consumed overall by all participants.

Blood Tests
HbA1c and triglycerides were within the normal ranges and fell nu-
merically in the EAA group, but the reductions were not statistically

significant as compared to the corresponding pre-value or to the
value in the Whey Protein group. At 12 weeks, the EAA group’s
mean LDL had decreased by 4.07 = 2.19 mg/dL, statistically signifi-
cant with a 1-sided # test (p < .05). MIF was significantly changed
from the preintervention value in the EAA group as compared to the
Whey Protein group (-0.89 = 3.40 vs 1.71 = 4.71 ng/mL, respect-
ively; p = .0117) (Mann-Whitney U test). There were no significant
changes in other cytokines.

Functional Tests

The distance walked in the 6-minute walk test increased signifi-
cantly in the EAA group, both as compared to the corresponding
pre-value and as compared to the Whey Protein value (Figure
1). The mean distance walked in the EAA group increased from
the pre-value of 384.0 = 23.0 (SEM) m to 420.0 = 24.0 m at 6
weeks and to 419.0 = 25.0 m at 12 weeks (p < .001 at both 6
and 12 weeks vs the pretest mean, with the latter by the signed
rank test). The mean of individual responses in the 3 groups is
shown in Figures 1 and 2, respectively. The distance walked in
the EAA group was increased compared to baseline in 26 of the
28 subjects at 6 weeks, and 25 of 28 subjects at 12 weeks. The 2
subjects in the EAA group who did not walk farther at 6 weeks
showed improvement at 12 weeks, while the 3 who did not show
improvement at 12 weeks had improved at 6 weeks. The Whey
Protein group did not increase the distance walked at 6 weeks, but
improved from the pre-value of 433.0 + 17.0 m to 451.0 = 18.0
m (p = .020) at 12 weeks. In contrast, a majority of the subjects
in the Education group had a decrease in the distance walked at
12 weeks, with a mean decrease from a pre-value of 391.0 = 18.0
m to 373.0 = 23.1 m (ns). The improvement in the EAA group
was greater than the improvement in the Whey Protein group at
both 6 and 12 weeks (p < .01). The mean value for the distance
walked at 12 weeks by the EAA group was 151 ft greater than
the Education group, with a change from pretest that was 53.0 m
greater in the EAA Group (Figure 1). There was a relatively wide
range of preintervention values in all groups, but there was no
correlation between the starting value and the values at either 6 or
12 weeks in any group. Examination of relationships between the
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Figure 1. Change in distance walked in 6 min at 12 wk of intervention as
compared to the preintervention value. Values are mean + SEM. The distance
walked was significantly improved (*) in participants who consumed
daily supplements of whey protein (n = 32, p = .039) or essential amino
acids (EAAs) (n = 28, p < .0001). The improvement in the EAA group was
significantly greater than the improvement in the Whey Protein group (+)
(p = .029). The reduction below the pre-value in the Education-only group
(n =32) was not statistically significant.
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improvement in distance walked and clinical parameters (Table 1)
revealed no significant correlations.

The left- and right-hand grip absolute strength increased in the
EAA group at 6 and 12 weeks. The left-hand grip strength mean
at 6 weeks increased by 1.51 = 0.61 kg compared to the pre-value
(p =.010); at 12 weeks, the improvement was 2.15 = 0.63 kg greater
than the mean at pretest (p = .001). The EAA group’s right-hand
grip strength increased similarly (p = .0002). The grip strength
also increased at 6 and 12 weeks in the Whey group (for left-hand
strength, p = .008 at 6 weeks and p = .0002 at 12 weeks; for right
hand strength, p = .0262 and .008 at 6 and 12 weeks, respectively).
No differences between group means were found for change in grip
strength.

At 12 weeks, left leg strength (peak torque) in the EAA
group, as determined by the Cybex dynamometer, increased sig-
nificantly more than in the whey group (p = .036 by the Mann—
Whitney U test).

EAA Whey Education Only

700
600
500

400

300
/

6 Minute Walk (m)

——
200 -
T S
100 T
O -

Baseline 12 Weeks Baseline 12 Weeks Baseline 12 Weeks

Figure 2. Individual responses for subjects in the essential amino acid
(EAA) group, the Whey Protein group, and the education-only group at the
beginning and end of the intervention. Dashed lines represent responses in
subjects who decreased performance.

Table 2. Anthropometrics/Body Composition

Body Composition

Body composition changes are shown in Table 2. Mean body weight
and BMI decreased in both the EAA and Whey groups. Fat mass at
12 weeks also decreased from the pre-value in both the EAA and
Whey groups (-0.73 = 0.19 kg, p = .0003, and -0.96 = 0.40 kg,
p = .012, respectively). The mean percent body fat decreased signifi-
cantly in all 3 groups at 12 weeks as compared to the corresponding
pre-value.

Diet Analysis

There were no significant differences in diet-related macronutrient
intake between groups. Dietary protein intake was an average of
0.85 + 0.06 g protein/kg/day in the EAA group, and 0.87 = 0.050
in the whey group. The Recommended Dietary Allowance (RDA) is
0.8 g protein/kg/day, so, on average, subjects were meeting the RDA
for protein intake. However, this was not the case for all individuals,
as protein intake ranged from 0.42 to 1.37 g/kg/day. There was no
correlation between the level of dietary protein intake and either the
initial 6-minute walk distance, or the improvement in the 6-minute
walk after 12 weeks of treatment. EAA (but not whey protein) sup-
plementation was of benefit to all subjects, regardless of the intake
of dietary protein.

Discussion

The principal finding of this study was that daily supplementation
of the diet with the EAA composition significantly improved per-
formance in the 6-minute walk test in LPF older adults. This con-
clusion supports the results of similar studies evaluating the effect
of supplementation of the diet with EAAs on physical function in
older subjects (10,11,30-33). The magnitude of improvement in the
current study, as compared to the Education group (52.7 m), ex-
ceeded the value considered to be clinically relevant (40 m) (34).
The generalized value of the EAA supplement was confirmed by the
fact that every participant improved in the 6-minute walk, despite
the use of broad participant inclusion criteria. No specific cofactor,
including drug therapy, diminished the statistical significance of the
improvement. The beneficial effect of the EAAs can be attributed
largely to the specific composition. Daily consumption of slightly
more amino nitrogen in the form of whey protein isolate resulted in
an improvement in distance walked of less than half that in the EAA
group. This is the first study in which the response to EAAs was com-
pared to a high-quality protein. Whey protein isolate was chosen as a

Whey Protein (7 = 32) EAA (n=28) Education Only (7 = 29)

Baseline Final Baseline Final Baseline Final

Mean + SEM Mean + SEM Mean =+ SEM Mean + SEM Mean + SEM Mean + SEM
Body weight (kg) 86.0 = 2.64 85.2 = 2.50* 82.3 = 3.45 81.3 = 3.50** 82.3 + 4.36 82.8 = 4.24¢
BMI (mg/m?) 31.7 = 1.08 31.4 = 1.04* 30.2 = 1.11 29.9 + 1.15** 32.7+1.55 32.7 = 1.47
Lean body mass (kg) 47.8 = 1.60 48.3 +1.63* 45.7 +2.14 45.9 +2.24 44.5 +1.43 45.3+1.54
% Body fat 39.8 = 1.48 39.0 £ 1.37* 40.2 = 1.21° 39.7 £ 1.25% 45.4 +1.81 43.7 +2.02%2
Fat mass (kg) 33.8+1.80 32.8 +1.61% 324 +1.75 31.6 = 1.74%* 374 +2.69 36.8 = 2.63

Notes: BMI = body mass index; EAA = essential amino acid.

*n = 22 for the education-only group’s weight and % body fat at baseline and final visits; 7 = 25 for the EAA group’s % body fat at baseline and final visits.

*Statistically significant (p < .05) change from baseline at the final visit. * *Statistically significant (p < .01).
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comparator because it is the most commonly used and most effective
dietary protein supplement (35). In addition to improving physical
performance, EAA supplementation was well tolerated, with a high
compliance, and no adverse responses were reported.

We chose the 6-minute walk test as the primary end point be-
cause it is a practical assessment of the ability of LPF older adults
to perform activities of daily living. The distance walked can pre-
dict cardiovascular events, including the incidence of ischemic heart
disease (19). The 6-minute walk test has been found to provide
prognostic utility comparable to more elaborate exercise testing (ie,
peak oxygen uptake) in individuals with systolic heart failure (20).
Available evidence indicates there is no learning effect for the 6-mi-
nute walk (20), which is supported by the decline in performance by
the Education group in our study.

EAAs improved physical performance and strength measures
without significantly impacting lean body mass. This is not neces-
sarily surprising, since lean body mass is not highly correlated with
physical function in older adults (36). The improvement in physical
performance in the absence of a change in lean body mass may be
unique to our subjects, who had large lean body mass associated
with large total mass (Table 2). Previous studies have reported that
dietary supplementation with EAAs increased both lean body mass
and physical performance in normal-weight older people (10,11).
In any case, improvement in physical function in the absence of an
increase in lean body mass could reflect an important role of EAAs
in enhancing energy production in skeletal muscle. EAA supplemen-
tation not only enhanced the mitochondrial biogenesis and protein
synthesis (37,38), but also increased the storage of ATP in skeletal
muscle in rats and enhanced the regeneration of ATP after exercise
(39). Further, we have previously shown using metabolomics that
EAA supplementation in older individuals increases the amounts of
TCA cycle intermediates as well as -oxidation (40), which is the
predominant source of energy for low-level aerobic exercise (27).
The improvement in functional parameters at 6 weeks in the EAA
group is consistent with EAAs enhancing exercise capacity by ampli-
fying energy production in skeletal muscle, as major changes in skel-
etal muscle structure and mass would not be expected within that
time frame (41).

Supplementation with the EAA-based composition had beneficial
effects in addition to improved physical function. Body weight, BMI,
fat mass, and percent body fat were all significantly reduced, as were
the circulating concentrations of LDL and MIFE. The reductions in
parameters of body fat, while modest, are consistent with previous
changes in body composition with dietary supplementation with
EAAs (eg, 42,43). Dietary records indicated that these responses
were not due to suppression of appetite. More likely, the reduction
in body fat in the EAA group was due, at least in part, to the energy
requirement associated with acceleration of protein turnover (41). In
addition to changes in body composition, the reduction in MIF in the
EAA group may be significant, as this cytokine has been associated
with several aspects of heart failure, including systemic inflammation
(16). The greatest benefit of a reduction in MIF would most likely be
reflected in measures of cardiovascular parameters not performed in
the present study.

Analysis of dietary records provided insight regarding the ad-
vantage of the EAA supplement as compared to simply increasing
dietary protein intake, or consuming a purified protein supple-
ment such as whey protein. Consumption of 12 g of EAAs per
day effectively improved the 6-minute walk distance throughout
the range of dietary protein intake. Individuals who routinely

consumed up to 80 g more per day than the RDA for protein in
their regular diet benefited just as much from the EAA supplement
as did individuals falling far below the RDA for dietary protein.
This finding suggests that the EAA formulation provided meta-
bolic benefits that could not be achieved by increasing dietary
protein intake.

The improvement in the 6-minute walk with EAA supplemen-
tation was comparable to that achieved with exercise training.
Numerous studies in heart failure patients have shown the benefit
of exercise training on various parameters associated with heart
function (eg, 44,45), but improved maximal capacity of heart
function did not always translate to clinically significant improve-
ments in the 6-minute walk (eg, 6,46). Further, the benefits of a
structured exercise program are lost when the program is stopped
(7), whereas compliance with EAA therapy is not demanding.
Most importantly, it is not necessary to choose between exercise
or drug therapies and EAA supplementation, as EAA supplemen-
tation amplifies beneficial effects of exercise (47), and does not
interfere with drug therapy.

Conclusion

Daily consumption of an EAA-based composition improves physical
function, without adverse effects, more effectively than whey protein
in LPF older adults with a relatively wide range of initial functional
impairment. Because of the unique beneficial effects and low risk,
dietary supplementation with EAAs may be an effective therapy in
individuals with heart failure, COPD, or other causes of low physical
functional capacity.
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