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Objective: To assess the effect of free leucine supplementation combined with resistance
training versus resistance training only on muscle strength and functional status in older
adults.

Methods: This was a randomized, double-blind, placebo-controlled, parallel study with two
intervention groups. Thirty older adults were randomly assigned to receive either 10 g leucine/
day (leucine group [LG], n=15) or a placebo (control group [CG], n=15), plus resistance training
over a 12-week period. Maximal overcoming isometric leg strength, functional status, nutri-
tional status, body composition, health-related quality of life, depression, and dietary intake
were assessed at 4 and 12 weeks. Missing data at 12 weeks were handled using mixed models
for repeated measurements for data imputation.

Results: Twenty-four subjects completed the 4-week assessment and eleven completed the
12-week intervention. Clinically significant gains were found in isometric leg strength at both
assessment time points. Analysis of the effect size also showed how participants in LG outper-
formed those in CG for chair stands and the timed up and go test. No significant changes were
observed for the rest of the outcomes.

Conclusion: Our combined analysis showed moderate changes in isometric leg muscle strength
and certain components of functional status. The magnitude of changes found on these outcomes
should be qualified as a positive effect of the concomitant intervention.

Keywords: aged, elderly, strength training, amino acid, functionality

Introduction

Sarcopenia is one of the main causes for an increased risk of physical disability and
poor quality of life.! The reduction in functional capacity that is derived from the
loss of muscle strength may result in increased dependency, hospitalization, and
institutionalization,? and is a likely progression to physical frailty.’

One of the processes involved in the pathophysiology of sarcopenia seems to
be disruption in the regulation of muscle protein turnover.* Several studies have
shown how aged muscle is less responsive to the anabolic stimuli of amino acids and
exercise,>® a concept now commonly referred to as anabolic resistance.” However, some
studies have observed that this resistance can be overcome by increasing the leucine
content of meals,® since the enhanced response in protein synthesis to greater amino
acid availability is mainly produced by leucine independently of other amino acids.’
It has been hypothesized that to maximize muscle protein synthesis in older adults,
a “leucine threshold” must be surpassed.!® This threshold would differ between young
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and older adults. Studies in young adults have shown that
1 g of leucine concomitant with resistance exercise is enough
to stimulate muscle protein synthesis.!"'2 On the other hand,
older adults would require over 2 g of leucine to stimulate
muscle protein synthesis to the same extent.!?

Given the fact that resistance training is still consid-
ered the most effective and safe treatment for improving
muscle strength and function in older adults,'*!5 even
at a very advanced age,'® some studies investigated the
effects of protein supplementation and resistance training
on these outcomes. However, the results of interventions
based on resistance training and classical protein supple-
mentation in subjects with sufficient protein intake are still
controversial.!” "

Thus, engaging in a program of resistance training seems
clearly desirable for ameliorating muscle strength, and while
the effects of leucine on improving muscle protein synthesis
seem promising, its effects on muscle strength and func-
tionality are still under discussion. Very few studies have
investigated the effects of a combined intervention with high
leucine supplementation and resistance exercise on outcomes
such as strength or functionality in older people.

Therefore, the aim of this study was to assess the effects of
an intervention with free leucine supplementation combined
with resistance training on muscle strength and functional
status in older adults.

Methods

Subjects

From December 2009 to December 2012, a total of 82 older
adults over 70 years of age were screened for inclusion cri-
teria in different nursing homes and adult day care centers
within the Barcelona metropolitan area; of these, 30 subjects
were recruited to participate in the study. The exclusion cri-
teria were: chronic kidney disease, a disability that did not
allow the practice of exercise (eg, a fractured limb during the
last 6 months), performing resistance training on a regular
basis, dietary protein restriction, following a low-calorie diet
for weight loss, the need for oral nutritional supplementation
or enteral nutrition, the need for drugs with orexigenic or ana-
bolic effects, and long-term use of corticosteroids. Figure 1
illustrates the subject screening process, randomization to
treatments, and time points of assessment over the course
of the 12-week intervention. All subjects were given oral

Assessed for eligibility (n=82)

Excluded or declined

participation (n=52)

Randomized subjects (n=30)
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(n=15)
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Completed 4-week follow-up
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v

v

Completed 12-week follow-up
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Figure | Flowchart of study groups at different time points.
Note: Subject dropout is reported as “lost”.
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and written information about the nature of the study before
a signed informed consent was obtained. The procedures
used were in accordance with ethical standards and with the
2008 Helsinki Declaration. Study approval was granted by
the Ethics Committee of Clinical Research of the Hospital
Clinic Universitari de Barcelona.

Study design

This was a randomized, double-blind, placebo-controlled,
parallel study with two intervention groups. Participants
were randomized by blocks of ten subjects and assigned to
their respective groups. Subjects were supplemented daily
with free leucine or placebo during a 12-week intervention
period. Throughout this period, all participants followed an
adapted exercise program for older adults 4 days a week.
Participants were assessed for all variables at baseline and
after 4 and 12 weeks of intervention.

Supplementation

Subjects were supplemented either with 10 g/day of leucine
(L-Leucine; Nutricia, Liverpool, UK) or the same amount
of maltodextrin as a placebo (Maxijul; Nutricia). A study
by Yang et al found that although 20 g of whey protein was
capable of surpassing the “leucine threshold” and increased
rates of myofibrillar muscle protein synthesis in older adults,
the ingestion of 40 g of whey protein increased exercise-
stimulated rates of muscle protein synthesis to an even greater
extent.” Since 40 g of whey protein is equivalent to =4 g of
leucine, in our study, participants ingested 5 g twice a day,
60 minutes after the main meals (lunch and dinner), provided in
a double-blinded manner. Both supplement and placebo were
accompanied with a lemon and lime flavor (Flavor Sachets;
Nutricia) to disguise the characteristic taste of leucine.

Exercise program

The exercise program consisted of three sessions of pro-
gressive resistance training adapted for older adults and one
session of balance exercises per week during the 12-week
period of intervention. Each progressive resistance session
started with a 5-minute warm-up, 30 minutes of strength
training, and 5 minutes of cool down. Most of the exer-
cises were executed while seated or with the use of a chair
as a support aid. Participants started with two sessions of
familiarization and in the next sessions, were instructed to
complete one set of eight repetitions of each exercise. When
exercises were properly executed without significant fatigue,
the number of repetitions and sets were increased until the
participants achieved two sets of 15 repetitions, which usually

represented an intensity of 65% of the maximum number of
repetitions. There were rest intervals of 3 minutes between
each set of repetitions. The exercise routine was mainly
focused on improving strength in the lower extremities; it
included chair squats, leg curls, leg extensions, toe stands, as
well as wall push-ups. Balance training routines included side
leg raises, back leg raises, hip flexions, and walking heel to
toe. The exercise program was based on the recommendations
given by the American College of Sports Medicine? and was
conducted under the supervision of physiotherapists to ensure
that the exercises were carried out safely and effectively.

Muscle strength

Maximal overcoming isometric leg strength was used as the
primary outcome measure. Assessment was performed with
both legs at 130° leg flexion and measured with a dynamom-
eter (Baseline® Back-Leg-Chest Dynamometer; Fabrication
Enterprises Inc., Elmsford, NY, USA). A demonstration was
carried out by one of the researchers on how to properly
execute the test; participants also familiarized and pre-tested
the dynamometer before performing the test. Subjects were
given up to three attempts to achieve their maximal strength,
with a time limit of 5 seconds per attempt; the highest value
was taken for analysis.

Functional status

The functional status of patients was assessed using the
physical performance battery (PPB) proposed by Avila-Funes
et al.?! The PPB specifically assesses lower extremity function
with four tests, including a standing balance test, a 4 m walk-
ing speed test, the ability to rise from a chair five times, and
the timed up and go (TUG) test. Participants were instructed
by one of the researchers on how to properly perform each
test before the test was executed. Higher times on the standing
balance test and lower times on the remaining tests indicate
better function. The Barthel Index was also used as a measure
of functionality.?> This tool assesses the activities of daily
living of individuals on a scale ranging from 0 to 100 points.
Low scores indicate high dependency and high scores show
a more or less intact ability to care for oneself.

Nutritional status and body composition

The Mini Nutritional Assessment (MNA) was used to assess
nutritional status.” Subjects were classified as being of nor-
mal nutritional status (>24 points), at risk of malnutrition
(17-23.5 points), or malnourished (<17 points). Anthro-
pometric parameters were obtained by a trained researcher
using standard techniques, including: body weight, height,
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body mass index (BMI), waist circumference, triceps skin
fold, mid-upper arm muscle area (MUAMA), and calf
circumference.

Health-related quality of life

The 36-Item Short-Form Health Survey (SF-36) ques-
tionnaire was used to assess health-related quality of life
(HRQOL). The SF-36 consists of eight multi-item scales
reflecting physical and mental HRQOL.: ten items for physical
function (PF), which measures limitation in PF; four items
for role physical, which measures role limitations due to PF;
two items for bodily pain, measuring the impact of pain on
daily activities; five items for general health; four items for
vitality; five items for mental health; two items for social
function; three items for role emotional, measuring role
limitations due to emotional function; and one transition item
not used in the calculation. The raw scores were transformed;
the final scores for each of the eight items range from 0 to
100, with 0 signifying the worst status and 100 signifying
the best status. The SF-36 has been validated for use within
a Spanish population.?*

Depression assessment

The short form of the Geriatric Depression Scale (GDS-15)
was used to assess the presence of depression. This screening
tool is a 15-item questionnaire that helps to identify depres-
sion in older adults, and has been validated for use within a
Spanish population.?> Subjects were classified as having no
depression (0-5 points), being suggestive of depression (6-9
points), and having depression (>10 points).

Dietary intake

Food intake was assessed with the use of 3-day food records
(including a weekend day) at every time point; subjects were
previously instructed by a dietitian on how to record food
and beverage intake. Mean total energy and protein intakes
were calculated using the software ADN (v1.0; Faculty of
Pharmacy, Universitat de Barcelona, Catalonia, Spain).

Supplementation and exercise compliance
Supplement intake and exercise compliance were visually
supervised by nursing staff and physiotherapists, respec-
tively. Daily compliance records for supplementation and
exercise were obtained. The ratio of supplement compli-
ance at the 4-week follow-up assessment was 0.80+0.14
in the leucine group (LG) and 0.95%0.05 in the control
group (CG); exercise compliance was 0.98+0.03 in LG and
0.9610.08 in CG.

Data analysis

Continuous variables were described as means and 95%
confidence intervals (CIs) or standard deviation, and cat-
egorical variables as frequencies or otherwise specified. For
Gaussian variables repeatedly measured over time, a restricted
maximum likelihood-based repeated measures approach
(ie, mixed models for repeated measurements [MMRM])
was applied to estimate baseline-adjusted least square means
and 95% CI;?® missing data at 12 weeks were assumed to be
missing at random and were adequately extrapolated by the
MMRM model. For non-Gaussian continuous variables, the
Mann—Whitney—Wilcoxon test was performed for between-
group comparisons. Within-group baseline changes were
analyzed with the Wilcoxon signed-rank test for paired data.
Categorical variables were analyzed using Fisher’s exact test.
We also report the effect size for a better interpretation of
the magnitude of the difference between the study groups.
Data analysis was performed with the use of the statistical
analysis software R (v3.0.1; The R Foundation for Statistical
Computing, Vienna, Austria) and SAS (v9.2; SAS Institute
Inc., Cary, NC, USA). For all statistics, significance was set
at the 5% two-sided level.

Results

Patient characteristics

Twenty-four of the 30 included subjects (16 women and
eight men) completed the 4-week follow-up assessment,
and only eleven subjects from the original sample com-
pleted the 12-week intervention. Figure 1 shows the loss of
participants during the study period. Subjects dropped out
due to the following circumstances: in LG, seven subjects
did not tolerate the supplement and one mentioned physical
pain due to exercise; in CG, four subjects refused to take
the established amount of supplement, four developed a
major health problem, two did not comply with the exercise
program, one mentioned physical pain due to exercise, and
one voluntarily dropped out of the study without a specific
reason.

Baseline characteristics for the 24 subjects are shown in
Table 1. There were no between-group differences for all
variables at baseline between the completer sample and the
initial sample of 30 patients.

Muscle strength

Table 2 shows the changes for maximal overcoming
isometric leg strength over the study period. Analysis of
changes in strength revealed a possible beneficial effect
for this outcome in LG when compared to CG at both time
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Table | Baseline characteristics of participants

Control Leucine

(n=12) (n=12)
Age (years) 84+4 8548
Dynamometry (kg) 27.5+15.7 29.9+25.3
Standing balance (seconds) 1.7£1.7 4.4%7.5
4 m walk (seconds) 5.0+1.2 5.81.8
Chair stands (seconds) 14.9+3.9 20.8+8.2
Timed up and go (seconds) 16.916.1 18.245.5
Barthel Index 90+12 87xI5
Weight (kg) 62.9+15.4 64.619.4
BMI (kg/m?) 26.0£5.2 26.6+4.4
Triceps skinfold (mm) 20.318.3 21.7+6.2
MUAMA (mm) 21.6£3.3 20.8+2.4
Calf circumference (mm) 33.444.2 33.312.6
Waist circumference (cm) 96.3£15 97.5+8
MNA 23.5+5 24.0+3
Barthel Index 90.4+12 87.1%15
GDS 5.0+3.5 5.4+2.8
Energy requirements (kcal) 1,489+328 1,560+300
Protein requirements (g) 64+16 6719
Energy intake (kcal) 1,574+200 1,694+257
Protein intake (g) 76x12 816

Note: All values are means + standard deviations.
Abbreviations: BMI, body mass index; GDS, Geriatric Depression Scale; MNA,
Mini Nutritional Assessment; MUAMA, mid-upper arm muscle area.

points of assessment. The magnitude of the effect size was
approximately 0.6 at both time points of assessment, which
can be interpreted as if the average participant in LG scored
higher than 73% of the score for a participant in CG that was
initially equivalent.

Functional status

The results of the intervention on the four tests that assess
functional status can be seen in Table 2. No statistically
significant changes were found for most of the outcomes
that assessed functional status, except for the TUG test at
12 weeks. The magnitude of the difference of test times
between groups for the chair stands and the TUG test at
12 weeks was —0.558 and —0.732, respectively, both in the
range of having a medium effect. The effect size for the rest
of the functional tests was below 0.5 for both groups, which
can be considered a small change. Barthel Index scores were
over 90 in both groups at both assessment time points (data
not shown).

Nutritional status and body composition

Table 3 shows the changes for body composition and nutri-
tional status of participants. No significant changes were
found for most of the body composition outcomes. Although
the analysis showed statistically significant changes for

the MUAMA, the clinical significance of those changes is
negligible and should not be taken into consideration. The
nutritional status of participants according to MNA remained
stable throughout the intervention.

Health-related quality of life

and depression assessment

Figure 2 shows the results of the intervention on HRQOL.
There were no differences between groups for all domains of
HRQOL throughout the intervention. Similarly, the analysis
of'the GDS-15 scores did not find any significant changes on
this outcome (data not shown).

Dietary intake

Nutritional analysis did not show any between-group differ-
ences for energy or protein intake (Table 3). Energy intake
remained unchanged in both groups. A 16% increase in pro-
tein intake was observed at 4 weeks only for CG compared
to baseline (P=0.014). Both groups fulfilled their energy
and protein requirements. At baseline, daily protein intake
averaged 1.25 g/kg/day and 1.20 g/kg/day for LG and CG,
respectively. At the first follow-up, this increased to 1.28
g/kg/day in LG and 1.4 g/kg/day in CG.

Discussion

Our study aimed to assess the effects of an intervention with
free leucine supplementation combined with resistance train-
ing on muscle strength and functional status in older adults.
The results of our study suggest a moderate beneficial effect
of the intervention on muscle strength and certain compo-
nents of functional status.

Previous studies have observed that increasing the leucine
content of a meal increases the postprandial muscle protein
synthetic response in older adults.®*?” Moreover, short-term
leucine supplementation studies in rats have shown how
this amino acid improves strength recovery after a lesion
or a period of immobilization.?®?* Therefore, some authors
have suggested that long-term leucine supplementation
during main meals might help to increase muscle mass and
strength in older people.*® Although previous longitudinal
studies with leucine supplementation in older adults have
not found increases in muscle mass or strength,*3? these
studies did not concomitantly use leucine supplementation
with resistance training. Therefore, to our knowledge, this is
the first randomized controlled trial that has combined high
doses of free leucine supplementation and resistance training
to assess its effects on muscle strength and functional status
in older adults.
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Figure 2 Health-related quality of life according to the SF-36 questionnaire.

Notes: Health-related quality of life intra-group scores for both groups of study (A, B). The PF domain shows an increase >25% in the leucine group after the intervention,

that increase in the control group was 16%.

Abbreviations: BP, bodily pain; GH, general health; MH, mental health; PF, physical function; RE, role emotional; RP, role physical; SF, social function; SF-36, 36-ltem Short-

Form Health Survey; VT, vitality.

Muscle strength and functional status

In the present study, we observed substantial gains in leg
muscle strength during both time points of assessment
for LG compared to CG. Although this outcome did not
reach the established limit for statistical significance at
12 weeks, between-group differences should be considered
clinically significant. Further, given that effect sizes at both
time points were of moderate magnitude, these changes
are noteworthy. Regarding functionality, only one of the
four functional tests, the TUG test, showed a statistically
significant difference. Nevertheless, when looking to the
magnitude of changes, the supplemented group moderately
outperformed the placebo group in the TUG and the chair
stands tests. The effect sizes for the standing balance and
4 m walking test were small. These differences in magnitude
between functional tests could be explained by the fact that
the standing balance and 4 m walking test do not rely on
strength in the lower extremities as much as the chair stands
and the TUG test.

Previous studies conducted in older adults with resistance
training and amino acid supplementation have not been able
to demonstrate significant effects regarding gains in muscle
strength and functional status. In a study by Godard etal, 12 g
of essential amino acids (EAA) plus carbohydrates were
given daily during a 12-week resistance training program
three times a week in older men. Although the intervention
increased muscle strength in the experimental and control
groups (both with resistance training) compared to baseline,
no between-group differences were found.?* In a more recent
study by Kim et al, after a 12-week intervention that included
strengthening, balance, and gait training twice a week plus
6 g/day of EAA supplementation in sarcopenic women, there

were improvements in leg extension strength and walking
speed, compared to baseline. However, between-group com-
parisons did not reveal differences in strength or functional
outcomes between the EAA + resistance training group and
the resistance training only or EAA only groups.**

In studies with resistance training in young people,
improvements in muscle strength were seen with 4 g of free
leucine/day,* but not with 30 g EA A/day supplementation.
Similarly, in a study consisting of 28 days of bed rest in
young individuals, muscle strength improved after 14 days
of resistance training, but the addition of 15 g/day of EAA
supplementation did not result in greater gains.’’

A long known effect of resistance training is the neural
adaptations that it produces in skeletal muscle after only
a few weeks of training, with an absence of significant
hypertrophy.** Although the significant improvements found
in muscle strength and some functional parameters could be
related to this effect, it has to be taken into account that these
improvements should also be present in CG. Therefore, we
can hypothesize that some other muscular adaptations that
might help to explain these differences could be attributed
to leucine.”

Different factors could contribute to the contradictory
results found between the cited literature and our results.
One possible factor might be the amino acid formulation of
the supplements and their leucine content. Leucine acts as
a key trigger for postprandial stimulation of muscle protein
synthesis and it appears that there is a stepwise increase
of synthesis when blood leucine concentration rises after
absorption.'* The EAA formulations used in the studies with
older adults by Godard et al and Kim et al provided 2.24 g
and 2.52 g of leucine/day, respectively.?*3* In the studies with
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young individuals, 5.7 g,°* 4 g,** and 2.8 g*7 of leucine/day
were provided. In our study, we provided 10 g leucine/day,
and although the compliance reduced the mean intake to
8 g/day, it was still higher than any of the cited studies. Only
one long-term study in older adults provided similar doses
of leucine (7.5 g/day), without changes in skeletal muscle
mass or strength when compared to placebo, although the
intervention did not include resistance training.’! Therefore,
we believe that these high doses of leucine supplementa-
tion helped to maximize the anabolic stimulus elicited by
resistance training. Another proposed factor could be amino
acid kinetics, since free leucine absorption is faster than the
absorption of amino acids released after gastric emptying and
protein digestion in the small intestine, and thus produces
its anabolic stimulating effects long before there is enough
availability of dietary amino acids.* The cited studies had
different patterns of intake for the amino acid supplementa-
tion; in three studies, EAA intake was immediately after the
training session or with meals;*>3¢ in one study, 5 minutes
before exercise;*” and in another study, was not specified.>
In our study, we tried to address this issue by delaying the
time of leucine ingestion after the main meals. Moreover,
we chose to group leucine intake into two meals, since in
Spain, most of the daily protein intake is evenly distributed
over lunch and dinner.

Nutritional status and body composition
Neither nutritional status nor body composition signifi-
cantly changed over the duration of the intervention. This is
to be expected in a short intervention in subjects that mostly
had good nutritional status. Regarding body composition,
it has been shown that a minimum of 6 weeks of supple-
mentation and exercise are needed to observe measurable
increases in muscle mass.** Further, anthropometry is a
low sensitivity tool to detect changes in certain aspects of
body composition; the setting of our study did not allow
for more sensitive methods such as dual-energy X-ray
absorptiometry.

Health-related quality of life

and depression assessment

Likewise, neither HRQOL nor depression were affected
by the intervention. It is reasonable to think that the lack
of differences in PF between groups can be attributed to a
lower sensitivity of the HRQOL questionnaire compared to
a battery performance test specifically designed to measure
changes in functional status. Nevertheless, previous resis-
tance training studies in older adults have not found changes

in HRQOL or depression assessed with the SF-36 and the
GDS-15 questionnaire.*'*

Dietary intake

Regarding food intake, LG and CG fulfilled energy require-
ments and protein intake was in accordance with recent
recommendations for older adults in both groups.* Therefore,
we consider it irrelevant that increased protein intake was
found at 4 weeks in CG, as LG was the group that experienced
a greater effect on muscle strength.

Limitations of the study

The main limitation of the study is the loss to follow-up,
with a considerable reduction in sample size during the study
period, which limited sensitivity for detecting statistically
significant changes. On one hand, we tried to minimize this
limitation with data imputation analysis for missing data at
12 weeks. However, our results need to be carefully inter-
preted because no statistical method can meet the consequent
uncertainty about the treatment effect and guarantee results
free of bias. On the other hand, we analyzed the effect size
of the main outcomes, which allows us to transform abstract
statistical significance testing to concrete measures of dif-
ference. Since statistical significance is highly dependent
on sample size, we believe that the results provided by the
effect size analysis provide a better understanding of the real
effect of the intervention on leg strength and functional status.
Recruiting problems and loss of participants can be attributed
to different causes; one of these causes is the difficulty of
studying older adults, as has been previously reported.* Some
individuals did not understand the importance of complying
with the intervention, whether it was the supplementation or
the exercise training, which represented a breach of the study
protocol and resulted in exclusion. Also, the advanced age of
the studied sample caused some participants to dropout before
the end of the intervention due to health issues or problems
with the exercise program. It should also be noted that all
the discontinuations due to problems with the supplement
occurred in LG. Although both supplements were blinded
with the use of flavoring, the number of participants that
did not tolerate the free leucine supplement was important.
This leads us to believe that free leucine might not be a valid
approach beyond the research setting; leucine-rich proteins
(eg, whey protein) may be more tolerable in the clinical
practice. The lack of a sedentary control group receiving
leucine might also constitute a limitation of the study, since
it did not allow us to observe if leucine alone would have
had any positive effects. Although, as it has been previously
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pointed out, studies using leucine supplementation alone
have not found any significant effects on muscle strength
in older adults.

Conclusion

In our study, we observed moderate changes in isometric leg
muscle strength, as well as the chair stand and TUG tests.
The magnitude of changes found on these outcomes should be
qualified as a positive effect, even though some results did not
achieve statistical significance. More efforts should be made to
study the effect of nutritional interventions with amino acids
alongside resistance or power training on muscle strength
and functional status in older adults, with larger samples that
may allow for generalization of results. Although the study of
gains in muscle mass is still relevant, only the assessment of
crucial outcomes such as muscle strength and functional status
will address clinical problems like the increased dependency
that many older adults experience. We can hypothesize that
malnourished individuals, frail older adults, or older patients
that suffer long periods of bed rest may benefit from long-term
interventions with leucine-rich supplementation and resistance
training. A great effort and proper planning will be essential
to overcome the challenges that the study of undernourished
and/or frail populations might represent.
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