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Abstract
Background & Aims—With advancing age there is a gradual decline in muscle mass, strength
and function. The aim of this study was to determine if regular intake of a nutritional supplement
containing essential amino acids (EAA) + arginine could reverse these responses in elderly subjects.

Methods—Twelve glucose intolerant subjects (67.0 ± 5.6 (SD) years, 7 females, 5 males) ingested
11 g of EAA + arginine two times a day, between meals for 16 weeks. Diet and activity were not
otherwise modified. Lean body mass (DEXA) was measured every 4th week. Maximal leg strength
was tested and functional tests were performed at week 0, 8, 12, and 16.

Results—Lean body mass (LBM) increased during the study (p = 0.038). At week 12, the average
increase in LBM was 1.14 ± 0.36 kg (p < 0.05 vs baseline), whereas at week 16, the increase was
0.60 ± 0.38 kg (NS vs baseline). The lower extremity strength measure score (sum of individual knee
flexors and extensors 1-repetition maximum, n = 10) was 127.5 ± 21.8 kg at baseline, and average
increase during the study was 22.2 ± 6.1% (p < 0.001). Improvements were also observed in usual
gait speed (p = 0.002), timed 5-step test (p = 0.007), and timed floor-transfer test (p = 0.022).

Conclusion—Supplementation of the diet with EAA + arginine improves lean body mass, strength
and physical function compared to baseline values in glucose intolerant elderly individuals.
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Introduction
The decline in muscle mass, strength and function that occurs with aging, as well as the impact
of those changes on health and quality of life, is well documented.1 Whereas the effectiveness
of resistance exercise training in improving strength, is also clear,2 less than 30% of all adult
North Americans exercise regularly, and 50% of those who start an exercise program drop out
within the first six months.3 Additional approaches are necessary to effectively ameliorate the
loss of muscle mass and strength that occurs with aging.

Amino acids are potent stimulators of muscle protein synthesis in both the young and elderly.
4,5 However, the anabolic response to a mixed meal containing both amino acids and
carbohydrates is diminished in elderly individuals.6 It is therefore possible that the loss of
muscle mass and strength that occurs with aging may be due, in part, to an intake of protein
that is less than optimal. If this is the case, ingestion of a nutritional supplement containing
amino acids may be a practical approach to improving muscle mass and strength in the elderly.

Previous studies in elderly subjects have shown that provision of dietary supplements have not
been effective in improving lean body mass.7-9 However, ingestion of nutritionally balanced
supplements have often been found to reduce the caloric intake of the rest of the food eaten in
the day by an amount equivalent to the calories supplied in the supplement.8 Therefore a dietary
supplement in the elderly would be more appropriately considered as a dietary substitute. It is
therefore optimal to provide the most nutritionally-effective supplement possible. In that light,
we have previously determined that ingestion of only essential amino acids (EAA) is necessary
to stimulate muscle protein synthesis,10 and that the stimulatory effect of EAA on muscle
protein synthesis was twice or more than that of an equal amount of a high quality protein.11
Further, a unique acute anabolic effect of arginine has been suggested (Zhang et al, unpublished
data).12 The purpose of the current study was to extend those acute observations to determine
if chronic ingestion of a dietary supplement of EAA + arginine can increase lean body mass,
strength, and functional capacity in free-living elderly.

Materials and Methods
Study Design

Elderly individuals (n = 12) ingested 11 g of EAA + arginine two times a day between meals
for 16 weeks. Diet and activity were not otherwise modified. Every 4th week, the subjects were
admitted to the General Clinical Research Center (GCRC) at UTMB, Galveston for an
overnight stay. Tests of maximal leg strength and muscle function were performed on the day
of admission (not week 4). The following morning, body composition was measured by DEXA,
and blood was drawn for determination of plasma glucose and insulin concentrations. A blood
sample for determination of venous plasma amino acid concentrations was drawn at baseline
and after 16 weeks of supplementation.

The protocol was approved by the Institutional Review Board and the General Advisory
Committee of the GCRC at UTMB.

Subjects
Twelve elderly individuals (7 females, 5 males, 67.0 ± 5.6 (SD) years, 74.3 ± 19.7 kg at
baseline) participated in the study. The subjects were fully informed about the purpose and
procedures of the study before written consent was obtained. Prior to participation, each subject
had a complete medical screening, including vital signs, blood tests, urine tests, and a 12-lead
electrocardiogram. Subjects were excluded from the study if there was evidence of heart
disease, hyperlipidemia, kidney or liver disease, or any other disease that might influence the
results of the study.
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Undiagnosed insulin resistance is extremely common in the elderly population. In order to
control for this to some extent, a standard oral glucose tolerance test (OGTT) was performed
to assess insulin sensitivity at the outset. Subjects were chosen on the basis of impaired glucose
tolerance. We reasoned that if there was an anabolic effect of the amino acids in insulin resistant
subjects, then individuals with normal insulin sensitivity would be expected to benefit to an
even greater extent because of the normal positive interaction between insulin and amino acids.
13 Thus, only subjects with impaired glucose tolerance defined as a plasma glucose
concentration >180 mg/dl at 1 hr or >140 mg/dl at 2 hr after oral intake of 75 g glucose, were
included. Diabetic subjects (plasma glucose concentration >200 mg/dl at 1 hr or 2 hr after
glucose intake) with a reduced insulin production, and subjects taking any medication to treat
abnormal blood lipid levels were excluded.

Nutritional Supplement
The nutritional supplement consisted of essential amino acids (EAA) plus arginine (Table 1).
The supplement was taken between meals with water in two daily doses of 11 g in the form of
capsules. Each capsule contained 0.5 g of the amino acid supplement. The first dose was taken
between breakfast and lunch, and the second dose was ingested between lunch and dinner. The
subjects recorded the time of intake of every dose. The subjects visited the hospital every two
weeks to pick up a new supply of supplements. The supplement was packaged in small labeled
plastic bags, with each bag containing one dose of supplement. In the weeks without hospital
visits, the subjects were given follow-up calls to verify intake of the supplements, as well as
to document possible changes in diet, activity and anything else (sickness, etc.) that might
influence the results of the study.

Diet and Physical Activity
Before starting, subjects were counseled to maintain their usual dietary intake and physical
activity. There was close follow-up during their visits to the hospital and by telephone calls
between visits. Before the start of the study (week -1) and every 4th week thereafter (week 3,
7, 11, and 15), the participants recorded their diet for 3 days (2 week-days and 1 weekend-day).
The Physical Activity Scale for Elderly (PASE) was also used to estimate their physical activity
during the study period.

Muscular Strength
One repetition maximum (1RM) for leg extension and leg flexion for each leg respectively,
was determined at weeks 0, 8, 12, and 16. Following 15 min of pre-test stretching and warm-
up, the maximum amount of weight that the subject could lift just once (i.e., 1RM) was
determined. The weight was progressively increased until the subject could not, on at least two
attempts, move the lever arm through the full range of motion. To minimize the effects of
fatigue, 1 min of rest was allowed between attempts, and 3-5 min between each movement.
Subjects were closely monitored to avoid compensation movement. The two values for each
leg were added and expressed as the lower extremity score or sum of 1RM.

Usual and Fast Walking Speed and Endurance
The subjects were instructed to walk on a pressure sensitive mat (Gaitrite®, CIR Systems, Inc.
Havertown, PA, USA), first at self-selected normal walking pace and thereafter at self-selected
fastest speed.14,15 In order to exclude the first and last steps (to avoid acceleration and
deceleration effects), each subject started walking from a point two m in front of the mat and
did not stop until two m beyond the mat. The test was repeated twice for each condition and
the data for the two trials (expressed in m/s) were thereafter averaged. A 5-min walking test
combined with a portable gas analyzer (VO2000 Portable Metabolic System, Medical Graphics
Corporation, St. Paul, MN, USA) was used to assess gait endurance and cost.16
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Functional Tests
The subjects also underwent a series of functional tests consisting of a timed step test,17 a
timed floor transfer test,17 and the short physical performance battery test (SPPB).18 Briefly,
in the timed 5-step test, the subject was asked to step up on and down from a 4 inches bench
as fast as possible five times. In the timed floor transfer test, the subject was asked to go from
a standing position to a supine position on the floor and thereafter up to a standing position
again, as fast as possible for one repetition. Finally, the short physical performance battery test
(SPPB) consisted of a static balance test, a chair test and a walking test. Each test was scored
from 0 to 4, inversely corresponding to the quartile of performance. The data were thereafter
added together, and the maximum score that could be achieved for the SPPB was 12.

Duel-Energy X-ray Absorptiometry (DEXA)
The subjects underwent a full body DEXA at week 0, 4, 8, 12, and 16 to determine body
composition. All DEXA scans were performed on a Hologic QDR4500A system (Hologic,
Inc., Bedford, MA, USA).

Sample Analyses
For determination of plasma amino acid concentrations, 50 μl of plasma was mixed with 100
μl internal standard and 100 μl acetonitrile (HPLC grade). This was thoroughly mixed, before
incubated for 30 min on ice. Thereafter 750 μl ddH2O was added before the sample was
centrifuged at 1500 g for 10 min. Finally, 100 μl of the supernatant was transferred to a 0.2 cm
Ultrafree-MC Centrifugal Filter (Millipore, Billerica, MA, USA) and spun at 3000 g for 4 hours
at 4°C. Plasma amino acid concentrations were thereafter determined by high-performance
liquid chromatography (Waters Alliance® HPLC System 2690, Milford, MA).

Plasma glucose concentration was determined enzymatically (YSI 1500, Yellowspring
Instruments, Yellowspring, OH, USA). Plasma insulin concentration was determined by a
radioimmunoassay method (Diagnostic Products Corporation, Los Angeles, CA, USA).

Statistical Methods
Overall significance of differences in response with time was tested by one-way repeated
measures analysis of variance followed by Dunnett's test with week 0 as control (SigmaStat
2.03, SPSS Inc, Chicago, IL). Results were considered significant if p < 0.05. The results are
presented as means ± SE unless otherwise noted.

Results
Amino Acid Supplementation, Diet and Physical Activity

The amino acid supplementation was well tolerated by the subjects. All except one subject
ingested all the doses. The one subject forgot to ingest an average of one dose per week.

No overall changes in physical activity were observed during the study period. Similarly,
dietary records indicated that there were no changes in diet (n = 9). The dietary intake was
1733 ± 226 kcal/day when no supplement was taken vs an average of 1735 ± 176 kcal/day
during the study period. Corresponding values for protein intake were 1.03 ± 0.19 vs 0.99 ±
0.21 g · kg-1 · day-1, fat intake was 0.86 ± 0.15 vs 0.86 ± 0.09 g · kg-1 · day-1, and carbohydrate
intake was 3.05 ± 0.70 vs 3.11 ± 0.70 g · kg-1 · day-1.

No changes in fasting plasma amino acid concentrations were found between week 0 and 16,
except a slight increase in methionine (39.4 ± 1.2 vs 43.2 ± 1.9 μmol/l, t-test: p = 0.05) and an
increase in threonine (195.3 ± 8.4 vs 227.6 ± 9.7 μmol/l, p = 0.004) concentrations.
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There was an increase in fasting plasma glucose concentration during the study period
(ANOVA: p < 0.001; week 0: 4.7 ± 0.1 mmol/l; week 16: 5.5 ± 0.1 mmol/l), whereas changes
in insulin concentration did not reach significance (week 0: 8.64 ± 1.57 mU/l; week 16: 6.97
± 1.21 mU/l).

Body Composition
There was a significant overall increase in lean body mass during the supplementation period
(p = 0.038; Table 2). There was a gradual increase in lean body mass to a value of 1.14 ± 0.36
kg above the basal value at 12 weeks (p < 0.05 vs baseline). After that, there was a drop, and
as a result, lean body mass was 0.60 ± 0.38 kg higher than baseline at the end of the study (NS
vs. baseline).

Leg lean mass was 14.98 ± 1.13 kg at baseline (Table 2). It increased about 0.30 kg during the
study, but this did not reach significance.

There were no changes in total body mass from the start of the study to the end of the 16 week
supplementation period (Table 2). Total body fat mass also did not change significantly during
the study (Table 2).

Leg Strength
The summed 1RM (n = 10) score increased from the initial value of 127.5 ± 21.8 kg at baseline
to 145.6 ± 19.2 at the end of the supplementation period (p < 0.001; Figure 1). The average of
the individual percent gains in the sum scores was 22.2 ± 6.1% at week 16. The changes vs
baseline were significant at all time points.

Two women were also tested during the screening before the start of the study. We could not
identify any learning effect since there were no differences in the 1RM scores during screening
vs week 0 (66.90 vs 68.04 kg and 65.77 vs 63.50 kg, respectively).

Walking Tests
The usual walking speed (n = 11) increased from 1.26 ± 0.05 m/s at basal to 1.34 ± 0.05 m/s
at week 16 (p = 0.002; Figure 2, panel A), whereas no changes could be seen in the fastest
walking speed (week 0 vs week 16: 1.94 ± 0.08 vs 2.00 ± 0.09 m/s). No changes were seen
during the study period in the distance walked.

Functional Tests
Significant improvements were seen in the time to perform the 5-step test (week 0 vs 16: 8.77
± 0.78 vs 7.71 ± 0.60 s; p = 0.007; Figure 2, panel B) and the floor transfer test (week 0 vs 16:
9.57 ± 1.74 vs 6.82 ± 1.49 s; p = 0.022; Figure 2, panel C).

No changes were seen in the Short Physical Performance Battery (SPPB) Score. The highest
possible score is 12 (4 for each test), and the scores at week 0, 8, 12 and 16 were 11.6 ± 0.3,
11.6 ± 0.3, 11.3 ± 0.3, 11.7 ± 0.2 and 11.6 ± 0.3, respectively, indicating highly functional
volunteers by SPPB at all time points.

Discussion
The results of this study showed that supplementation of the diet with EAA + arginine between
meals increased lean body mass, muscle strength and physical function compared to baseline
values in glucose intolerant elderly subjects. These changes occurred without significant
changes in other dietary intake or physical activity.
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A dietary supplement must stimulate muscle protein synthesis more than the same amount of
normal food intake to be effective in this age group. Thus, the EAA mixture is an innovative
approach to dietary supplementation of the elderly. Our previous results have showed that
ingestion of a bolus of formulated EAA stimulated muscle protein synthesis in elderly
individuals, and that the efficiency of utilization of EAA alone for protein synthesis is more
than twice that of whey protein on a g/g basis.11 Thus, even if ingestion of EAA causes a
corresponding decrease in a calorically-equivalent amount of the daily food intake, a beneficial
effect of the EAA would be expected because of (a) the low caloric value of the EAA mixture
(84 kcal), (b) the far greater efficiency of EAA in stimulating muscle protein synthesis than
normal food intake, and (c) the absence of the satiating capacity of whole protein. Finally, in
healthy young subjects it has been shown that intake of 15 g EAA (plus carbohydrates) did not
interfere with the anabolic response to a mixed meal 2.5 hours later.19

The composition of the mixture of EAA was designed to be maximally effective in stimulating
muscle protein synthesis in the elderly. It was based on the composition we have previously
used in many of our acute studies and also in a study of 28 days of bed rest.20,21 In the bed
rest study,21 EAA + carbohydrate supplementation was shown to preserve muscle mass and
decrease the loss of muscle function.

Leucine comprised the highest percentage of the mixture (Table 1). The rationale for this high
percentage was that leucine can potentially activate initiation factors involved in the
acceleration of protein synthesis,22 which was particularly important in the elderly due to the
diminished responsiveness of those factors.23,24 The percentage of leucine we used was based
on our findings that the acute stimulation of muscle protein synthesis by EAA was enhanced
in elderly (but not young) subjects by the addition of a high (40%) proportion of leucine in a
mixture of EAA.25

We also included arginine in the supplement. In healthy young adults sufficient arginine can
be synthesized to meet demands, but during rapid growth26 or in response to stress27 the
demand for arginine may not be fully met by de novo synthesis or diet intake. Further, we have
recently shown that arginine has a unique stimulatory effect on muscle protein synthesis that
is not mediated via nitric oxide production (Zhang et al, unpublished data).12 As in the case
of leucine, the mechanism of arginine-mediated stimulation of muscle protein synthesis may
be by activation of eucaryotic initiation factors.28

Despite the modest response of muscle mass to the EAA supplement, the improvement in both
strength and function points towards a change in muscle quality. Improvement in 5-min
walking distance was not found, but this may be explained by the fact that our volunteers were
a healthy study population (confirmed by results of SPPB and walking speed). Three months
of amino acid supplementation (12 g/day) was found to improve 6-min walking distance, in
addition to self-perceived ambulatory dysfunction and maximal isometric muscle strength of
the hand in more sedentary and frail elderly.29,30 A possible explanation for the principal
effect of EAA supplementation to be on the quality, rather than quantity, is that the fractional
turnover of muscle (i.e., both synthesis and breakdown) was stimulated. The rate of muscle
protein synthesis has been found to be related to strength in the elderly, irrespective of muscle
size.31

Generally, inclusion of a placebo group is preferred. However, we assumed that no
improvement in lean body mass, muscle strength and physical function would have occurred
over 16 weeks without intervention. Thus, the individual pre-intervention data were used as
control. The recently-reported results of the Health, Aging and Body Composition Study
support the suggestion that in weight-stable elderly subjects no significant changes in lean body
mass can be expected over that time interval.32 Consistent with this expectation, no changes
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were found in maximal isometric muscle strength in free-living elderly subjects over a three
month period.33 In a study performed in our own lab, free living elderly men had a decline in
lean body mass, and decreases in several parameters of strength over a six-month period
without treatment.34 The lack of changes, and in some cases reduction, in strength over time
without intervention in previous studies also supports the validity of the test-retest model for
strength that we used. Similarly, no changes in physical function is expected in elderly without
any intervention.30,35-37) Consequently, we feel confident that the changes we observed in
this study were due to the ingestion of the amino acids.

It may also be argued that more familiarization sessions should have been performed. However,
the functional tests we used have been shown to have excellent test-retest reliabilities even
without previous familiarization,15-17 with the exception of the floor-transfer test which has
moderately high test-retest reliability (ICC2,1 = 0.79, p = 0.000117). In addition, the tests were
always performed by the same tester, using the same procedures and oral feedback each time.
Further, the changes in strength were much greater than what has been reported for learning
effects.38,39 In fact, it was recently shown that for relatively healthy elderly men,
familiarization sessions for 1-RM testing is not necessary.39 Finally, there was an initial 8
week period (and thereafter 4 weeks) between testing, which seems too long for a learning
effect, and still improvements were observed.

Results from acute studies have shown that exercise and amino acid intake have additive effects
on muscle protein synthesis.40 We propose that over a more prolonged time, exercise will
amplify the beneficial effects of EAA supplementation on lean body mass, strength, and muscle
function in both healthy and insulin-resistant elderly. This remains to be studied.

In summary, the results of the present study showed improvements of lean body mass, muscle
strength and physical function in response to supplementation of the diet with EAA + arginine
in glucose intolerant elderly subjects.
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Figure 1.
Changes in 1 repetition maximum score (sum of the individual knee flexors and knee extensors'
1 repetition maximum) vs basal value (134.3 ± 23.1 kg) after 8, 12 and 16 weeks of amino acid
supplementation (mean ± SE; n = 10); * p < 0.05 vs baseline.
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Figure 2.
Changes in normal walking speed (panel A; n = 11; One-way RM ANOVA: p = 0.002), time
to perform a 5-step test (B; n = 12; p = 0.007), and time to perform a floor transfer test (C; n
= 12; p = 0.022) vs baseline after 8, 12 and 16 weeks of amino acid supplementation (mean ±
SE). * p < 0.05 vs baseline. See text for values at week 0.
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Table 1
Composition of amino acid supplement

Amino acid g % of total

Histidine 0.36 3.26
Isoleucine 0.94 8.57
Leucine 3.95 35.88
Lysine•HCl 1.88 17.08
Methionine 0.39 3.59
Phenylalanine 0.51 4.65
Threonine 1.05 9.57
Valine 0.82 7.44
Arginine 1.10 9.97

Total 11 100

The supplement was taken in two daily doses of 11 g, i.e., in total 22 g/day was ingested.
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