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Abstract: Objective: This investigation was conducted to determine whether dietary supplementation with a specific leucine-rich 
whey protein compound improves physical function and muscle strength in osteopenic elderly people compared to soy protein 
and placebo. Design, participants and setting: The study was a 16-week randomized single blinded placebo controlled intervention, 
including 47 women and 10 men from 60-85 years of age with osteopenia (T-score < -1.0  by dual energy X-ray absorptiometry 
scan). The subjects were assigned to three groups in 2:2:1 relations, daily receiving 1) whey (45.8 g protein including 6.14 g 
leucine (n=24)), 2) soy (45.9 g protein with 3.1 g leucine (n=23)), and 3) isocaloric placebo with maltodextrin (n=10). A home based 
resistance training protocol (3 x 45 min / week) was followed by all groups concurrently. The primary focus of the study was 
on the differences between the two protein groups. Measurements: Physical function was determined by six-minute walk (6MW) 
and four-meter gait speed (4MGS) tests as primary endpoints, and strength (maximum voluntary contraction) by hand grip, leg 
extension and -flexion as secondary endpoints. Results: 6MW increased significantly in the whey group compared to the soy group 
(4% as compared to 1% increment, P < 0.05) but no changes were found in 4MGS. There were no differences between any groups in 
other variables such as in the strength and balance tests. However, p-urate was significantly lower after whey protein as compared 
to soy (P < 0.01). Conclusions: Four months of leucine-rich whey protein supplementation and concurrent resistance training 
significantly increased the six-minute walk test in elderly individuals as compared to soy protein. However, whether this minor 
increment in the walk test is of clinical importance is unknown. There was no effect on the four-meter gait speed or any other 
secondary muscle function-related endpoints. 
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Abbreviations: DXA: dual energy x-ray absorptiometry; HOMA: homeostatic model assessment; MPS: muscle protein synthesis; 
MPT: muscle protein turnover; mTor: mechanistic target of rapamycin; LM: lean mass; FM: fat mass; RT: resistance training; 
6MW: six-minute walk;  ALAT: alanine amino transferase; 4MGS: four-meter gait speed; BMI: body mass index; MVC: maximum 
voluntary contraction; VO2 max: maximal oxygen uptake; IGF-1: insulin growth factor 1; NSB: normal standing balance; STB:  semi 
tandem balance; TB: tandem balance; RPE: rated perceived exertion.

Introduction 

Maintaining physical independence, high function 
and health is crucial for the elderly population and these 
factors are dependent on both muscle mass and muscle 
function. With prolonged muscle disuse due to e.g. 
disease or surgery, a significant loss of muscle mass and 
strength may occur and consequently follow the patient 

throughout persisted lifetime(1). In order to prevent age-
related loss of muscle mass and muscle function, often 
referred to as sarcopenia (2), both dietary approaches and 
physical activity may be beneficial (3).

The current recommended daily allowance (RDA) 
of protein intake is 0.8 g/kg in elderly people and this 
amount has in recent years been discussed intensely 
(4). Recent data support an increase in protein intake to 
at least 1-1.2 (5) or 1.5 (6) g/kg/day for healthy elderly 
people past 65 years of age, and to more than 1.2 g/kg/
day for elderly patients with acute or chronic diseases 
in order to prevent age-related diseases. The ketogenic 
amino acid leucine most abundant in whey protein is 
known to stimulate muscle protein synthesis (MPS) in 
humans possibly via interacting with the mTor pathway 
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(7). Exercise in combination with nutrients may have an 
additional positive effect on muscle mass and muscle 
function, among other pathways also through activation 
of the mTor pathway in the muscle (8, 9). As regards 
MPS, it has been shown that elderly individuals  per 
meal have a rather high anabolic threshold for dietary 
protein/amino acid, corresponding to 25–30 g protein 
per meal containing 2.5 -2.8 g leucine (6) as compared to 
younger subjects  where the MPS seems to be stimulated 
to its maximum with as little as 1.7 g leucine in 20-40 g 
high quality protein and the amount of leucine seems 
to be the important factor (10).  Cuthbertson et al. have 
demonstrated an age related reduced activity in the 
mTor pathway, which may be of importance for the 
muscle wasting in the elderly, since they found decreased 
phosphorylation of downstream sites in the mTor 
pathway in elderly compared to younger men (11).

While the more acute effect of dietary protein in 
stimulating MPS is well described (6-11), the long term 
effects on targets such as muscle mass and physical 
function are more uncertain (12-14).

A newly published study from Bauer et al. found an 
increase in appendicular muscle mass and improved 
“chair stand test” after 13 weeks of treatment with 
daily supplements of 40 g whey protein including 6 g 
leucine compared to placebo in 302 men and women 
with sarcopenia (15). In line with this finding, Dillon et 
al. found a 3.9% increase in lean mass (LM) in 14 elderly 
women after intake of 15 g essential amino acids (EAA) 
with 2.78 g leucine versus placebo over 3 month (16), 
whereas, Verhoeven et al. found no effect on LM of 7.5 
g leucine daily versus placebo in 30 elderly men after 3 
month (17).  

Thus, it is still unclear whether one protein source 
(e.g. whey versus vegetable) is better than another and, 
moreover, whether the level of particularly leucine 
has specific effects on muscle function/strength in 
elderly individuals. We, therefore, hypothesized that a 
supplement of leucine-rich whey protein together with 
resistance training (RT) would result in improvement 
of physical function and muscle strength among 
elderly individuals. We examined the viability of this 
intervention by comparing the whey protein with high 
leucine to a commercially available high quality vegetable 
soy protein with the same amount of total protein but 
with half the amount of leucine, for improving habitual 
everyday life activities as determined by a six-minute 
walk test (6MW) and a four-meter gait speed test (4MGS) 

 
Materials and Methods

The study was a four month randomized controlled 
single blinded parallel intervention where the effects 
of two protein supplements (leucine-rich whey and 
soy protein), and a placebo supplement (maltodextrin) 
were studied in elderly men and women. The study 
was conducted at the Department of Endocrinology 

and Internal Medicine, Aarhus University Hospital. 
Participants were living independently and were 
recreationally active but not athletically active. The study 
protocols and procedures were conducted according 
to the Helsinki declarations and were approved by the 
ethics committee of the Central Region of Denmark. 
All participants signed a written informed consent. The 
study was registered by the number NCT01900548 at 
ClinicalTrials.gov. 

Subjects

The participants were recruited between January 
2014 and September 2015 from the Department 
of Endocrinology and Internal Medicine and the 
Department of Geriatric, Aarhus University Hospital, 
Denmark. The inclusion criteria were age between 60-85 
years and osteopenia. Osteopenia was determined by 
a T-score <-1 (DXA scan) in the lumbar spine or in the 
hip as a part of an osteoporosis screening procedure at 
the hospital. Exclusion criteria were severe heart disease 
(NYHA class >2), 3 x upper level of normal alanine 
aminotransferase (ALAT) (for women >135 U/L and 
for men >210 U/L), s-creatinine >130 µmol/L, diabetes 
(HbA1c≥ 6.5% (≥48 mmol/mol)), current corticosteroid 
treatment or treatment within the last 3 months, previous 
hip or vertebral fracture, any specific anti-osteoporotic 
treatment and 25-OH vitamin-D < 30nmol/l.  

Study design

The subjects were randomized into one of the three 
following groups: 1) Whey group (leucine-rich), 2) soy 
group, and 3) placebo which was isocaloric with the two 
protein groups (Table 1). All participants in the three 
groups received two tablets of UniKalk forte (Orkla, Ishøj, 
Denmark) containing a total of 38 μg vitamin D3 and 800 
mg calcium daily during the intervention. 

99 individuals requested and received detailed oral 
information about the study, and 86 subjects were found 
eligible. In the following screening procedure, three 
individuals were excluded in accordance to the exclusion 
criteria, and five subjects refused further participation.  
Thus, 78 subjects were included in the intervention study 
(fig. 1). The randomization process was as follows: With 
a block randomized procedure subjects were randomized 
in blocks of five in 2:2:1 relations between the whey 
group, the soy group, and the placebo group. Since all 
groups received RT (see below) – the placebo group – was 
included to determine the possible protein-independent 
effect of the physical training. During the intervention 
we used a dropout replacement procedure to ensure that 
the relationship between the groups was maintained 
despite different dropout rates in the three groups - as 
described elsewhere (18) . The soy protein group was 
most frequently affected by dropout replacement as 15 
subjects withdrew early due to the following: nausea 



EFFECT OF LEUCINE-RICH WHEY PROTEIN AS COMPARED TO SOY PROTEIN ON MUSCLE FUNCTION IN ELDERLY INDIVIDUALS WITH OSTEOPENIA

202

and bad taste (n=7), physical complications (n=3), illness 
(n=3), personal reasons (n=1), and one was excluded 
due to HbA1c≥ 6.5%. In the whey group four subjects 
withdrew early due to physical complications (n=3) and 
illness (n=1). In the placebo group two subjects withdrew 
early due to illness and a skin rash. Therefore, 28, 38 and 
12 subjects were randomized to the whey, the soy and 
the placebo groups, respectively. During the intervention 
there was a total dropout of 21 subjects. Finally, we ended 
up with a total of 24, 23 and 10 subjects who completed in 
the whey group, the soy group, and the placebo group, 
respectively (fig. 1)

Table 1
Nutritional composition of the intervention 

supplements

Whey protein 
supplement

Soy protein 
supplement

Placebo 
(maltodextrin) 

supplement

Protein, g 45.8 45.9 0

Leucine, % of protein 13.4 6.74 0

Isoleucine, % of protein 6.1 4.04 0

Lysine, % of protein 11.11 5.24 0

Arginine, % of protein 2.74 6.39 0

Asparagine, % of protein 12.64 9.79 0

Glutamic acid, % of protein 18.25 16.1 0

Fat, g                        0.4 2.7 0.2

Carbohydrate, g 19 20 66.6

Energy content, kcal/day 260.6 285.9 265.1

The supplemental nutrients and energy taken per day in the three groups 
during the intervention. Extra leucine was added to the whey protein 
supplement.

Figure 1
Flow chart of the protein supplementation intervention. 
Three of the completed subjects were excluded from 

the analysis due to low compliance or illness (two from 
the whey group, one from the soy group).  A dropout 

replacement procedure was used to ensure equal group 
sizes when exposed for high withdrawal  

The Supplemetation

Total supplemented protein and leucine per day 
were in the whey group 45.8 g and 6.14 g, respectively, 
and  in the soy group 45.9 g and 3.1 g, respectively. No 
protein or leucine was included in the placebo group 
supplementation (Table 1). The whey protein and the 
placebo product were produced and delivered by Arla 
Foods Ingredients Group P/S (Denmark). The soy protein 
was commercially available from Soya International 
(Hale, UK).

The supplements were delivered in foil packs in 35.3 
g powder to be constituted with approximately 150 
ml of water. The subjects were instructed to consume 
the supplement twice daily as a part of the breakfast 
and lunch (15). Due to the exercise induced metabolic 
window theory, the subjects were instructed to ingest one 
supplement just after exercise on training days (19). The 
supplements were flavored neutrally or with chocolate. 
After 16 weeks we collected unused full foil packs to 
calculate compliance according to the protocol (fig.1).  

Table 2
Baseline clinical characteristics of the participants 

(completers)

Whey group 
n=24  (5)  

Soy group 
n=23 (4)

Placebo group 
n=10 (1)

Age (years) 68.6 ± 5 69 ± 4.3 67.6 ± 3.6

Weight (kg) 67.3 ± 10.9 65.8 ± 13 69.7 ± 9.1

BMI (kg/m2) 25 ± 3.4 24.5 ± 4 26.8 ± 4

LM (kg)  39.8 ± 8.7 38.6 ± 9.1 38.1 ± 4.9

FM (kg) 22.9 ± 5.8 22.4 ± 6.3 27.4 ± 6.4

FM (%) 35.7 ± 7.2 35.6 ± 6.9 40.6 ± 5.5

6MW (m) 575.1 ± 61.2  591.7 ± 62.5 593.1 ± 78.3

Vo2max (ml/kg/min) 27.2 ± 9.4 29.6 ± 10.3 25.2 ± 8.7

BMD Total (g/cm2) 0.969 ± .07 0.945 ± .05 0.980 ± .06

BMD Lumbar spine (g/cm2) 0.857 ± .09 0.845 ± .06 0.883 ± .08

All values are mean ± SDs. 57 participants with osteopenia and age between 
60 – 85 years was included in this 16-week intervention. The number of 
participants in the three groups is given together with the number of men in 
parenthesis. There were no statistical differences at baseline between the three 
groups; (ANOVA). Fat mass (FM), Lean mass (LM), Six-minute walk (6MW), 
Energy percentage (E%).

Dietary assessment

Three day weighed food records were conducted 
by a trained dietician at baseline and in the end of the 
study (week 16). The 47 subjects who completed the food 
records had all received guidance in how to register their 
foods and drinks without including the protein or placebo 
supplements. In the week 16 assessment of dietary intake 
we included compliance data to approximate per meal 
intakes. Food records were analyzed by the Dankost 
pro program version 1.5.49.21 (Dankost, Copenhagen, 
DK). The total energy intake was expressed in kilo joule 
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per day (KJ/d) (Table 3). The total protein intake was 
expressed as percentage of total energy intake (E%), 
and as g per kg body weight per day (g/kg/day). 
Additionally leucine was expressed in g per day.

Table 3
The diet during the study – baseline values and changes

Whey Soy Placebo

Total energy intake:

  Baseline (Kj/d) 7307 ± 2357 6691 ± 1617 7021 ± 1662

  Post (Kj/d) 7099 ± 2227 6434 ± 1931 6068 ± 1775

  Post + sup. (Kj/d) 8068 ± 2244 7513 ± 1943** 7074 ± 1770

Protein energy intake:

  Baseline (E%) 17 ± 4.1 18.2 ± 3.4 17.4 ± 2.8

  Post (E%) 16.5 ± 3.9 18.41 ± 4.15 17.1 ± 3.68

  Post + supp. (E%) 23.4 ± 4.0 p*** 25.4 ± 5.0 p*** 14.5 ± 3.1*

Protein intake:

  Baseline (g/kg) 1.08 ± 0.3 1.09 ± 0.2 1.03 ± 0.3

  Post (g/kg) 1.02 ± 0.3 1.05 ± 0.3 0.87 ± 0.3

  Post + supp. (g/kg) 1.64 ± 0.4 p*** 1.71 ± 0.4 p*** 0.87 ± 0.3*

Leucine intake:

  Baseline (g/day) 3.98 ± 1.40 4.04 ± 1.10 3.94 ± 0.62

  Post (g/day) 4.01 ± 1.49 3.75 ± 1.67 3.71 ± 1.09

  Post +sup. (g/day) 9.44 ± 1.51 c,pp*** 6.75 ± 1.47 p** 3.71 ± 1.09

All values are mean ± SD, The dietary data after the intervention (“post”) are 
given both without and with the supplementation. The data in relation to 
baseline and after the intervention values are obtained from the food records. 
*; ** and *** denotes significantly different from baseline at level p<0.05; p<0.01 
and p<0.001 respectively. p and pp denotes different from placebo group at 
level p<0.001 and p<0.0001 respectively. C denotes significant different between 
the protein groups p<0.001.

Resistance training  

All participants in the three groups underwent a RT 
program for 45 minutes three times a week during the 
whole intervention. The RT protocol has been developed 
and recommended by others (20, 21). The training 
program was homebased training with supervision 
every second week. The training was conducted 
with TheraBand elastic bands (PROcare, Roskilde, 
Denmark) which has been used and validated in an 
elderly population (22, 23). Exercise progression and 
adherence to the training program was quantified by 
training records reporting rated perceived exertion (RPE) 
and level of resistance (22). The training intensity was 
increased during the intervention in level of RPE and 
number of repetitions. From week 0-4 the exercise were 
conducted as sets of 3x15 at level RPE=5 increasing 
intensity in week 5-7 to 3x15 at level RPE=7 and further 
in week 8-16 to 3x10 at level RPE=7. Every second week 
the exercise was conducted at the University Hospital 
with professional supervision. At these sessions the 
exercise was conducted as a circuit training regimen for 
potentially greater achievements as suggested elsewhere 
(20).  

Determination of physical function, body 
composition, strength and balance  

The primary endpoints in this study were testing 
of physical function by the 6MW and the 4MGS tests. 
The 6MW test is easy to administer, more reflective of 
activities of daily living and better tolerated than other 
walk tests (24). The subjects were instructed to walk as 
fast as possible, without further encouragement (24). 
The test was performed in a 30 meter corridor twice 
at baseline for familiarization (the better of the two 
was used) and once at the end of the intervention (24). 
Moreover, a consensus panel that considered reliability 
of the 6MW and the 4MGS test had recommended these 
tests as performance measures in older adults (25). 

At baseline the 4MGS test was performed twice on 
two separate days for familiarization. The better of the 
two tests on the second test day was used as the baseline 
outcome. Post intervention the test was conducted twice 
and the better test was used as the 16 week outcome. 
4MGS is a commonly used test in elderly, it predicts 
better survival (26), and there is a nonlinear relationship 
between 4MGS and leg strength (27).The non-linear 
relationship represents a mechanism by which small 
increments in leg strength in frail elderly may produce 
large improvements in gait speed, while large changes 
in leg strength in healthy people have no effect on gait 
speed. 

Body composition and weight

The whole body composition was estimated using 
DXA scan (Hologic Discovery, Waltham, USA). All DXA 
assessments (pre and post intervention) were conducted 
at the same time point in the afternoon on the same 
scanner. The present study focuses on total lean mass 
(LM) in kg excluding bones and on fat mass (FM). Body 
weight was determined by weighing the subjects wearing 
easy clothing by electric scales Tanita WB-110 P MA, and 
height was determined by a stadiometer SECA model 
220. BMI was calculated as weight/heigth² (kg/m²). 

Strength tests
 

Strength tests of hand grip, leg flexion and leg 
extension were measured in an adjustable dynamometer 
chair (Good Strength, Metitur Ltd, Finland). Subjects were 
encouraged to perform maximum voluntary contraction 
(MVC) in three x five seconds with 30 seconds rest 
between each attempt. All tests were performed in a 
neutral sitting upright position; hand grip test with a 
90˚ angled and supported elbow joint, and leg extension 
and flexion tests with the knee joint fixed in a 90˚ angle 
and the ankle and thigh fastened by a belt. The leg 
extension and flexion isometric MVC was measured in 
the fixed position moving the leg towards an extended 
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and flexed position, respectively. For all strength tests, 
the mean of the three attempts was used in the statistical 
analysis. Because of method limitation (temporary error 
in the dynamometer), the reduced number of subjects 
completing the three strength tests were n=20, n=18 and 
n=7 in the whey, soy and placebo groups respectively.

Balance tests
 

Balance tests were performed on an equilateral 
triangular force platform connected to a computer-based 
system (Good BalanceTM, Metitur Ltd, Finland). Balance 
was tested with increasing difficulty in the following 
three tests: Normal standing balance (NSB), semi tandem 
balance (STB), and tandem balance (TB). The balance 
was measured as a velocity in sway, and the tests are 
described in details elsewhere (28). An improvement in 
balance is here expressed as a relative reduction in % 
compared to baseline.

Estimated maximal oxygen uptake (VO2 max)

Functional capacity was determined by the Aastrand 
ergometer test for estimating VO2 max. The workload 
was determined in steady state after six minutes 
of submaximal work and a heart rate just above 110 
beats per minute (bpm). The Aastrand test is a gentle 
submaximal test and it has been validated as a reliable 
estimate of VO2 max (29).

Blood sampling and analysis 

After an overnight fast (at baseline and post-
intervention) blood samples were collected in tubes 
containing EDTA and immediately centrifuged at 
4˚C over 10 minutes at 1500 x g. Tubes with plasma 
were stored at -80˚C for further analysis. Glucose 
and insulin were analyzed in-house with the Glucose 
GOD-PAP method (Roche Dianostics, Hvidovre, 
Denmark) for glucose analysis and an enzyme-linked 
immunoassay (DAKO, Glostrup, Denmark) for insulin 
analysis. IGF-1 was analyzed by IDS-iSYS IGF-1 assay 
(immunodiagnostic systems Ltd, Boldon, England).  

Urate was determined by an enzymatic colorimetric 
method (Roche/Hitachi cobas c 501, Roche Diagnostics 
GmbH). Urea concentration was quantified by kinetic 
test with urease and glutamate dehydrogenase (Roche/
Hitachi cobas c 501, Roche Diagnostics GmbH). All 
samples were analyzed on EDTA-plasma. All measures 
for each patient were assessed on the same batch except 
from urea. The analytical coefficients of variance were for 
insulin <10%, glucose <3%, IGF-1 <8%, Urate <13% and 
for urea <2 %.

Statistics 

The expected change between the two protein groups 
in 6MW and 4MGS was 50 m and 0.1 m/s, respectively 
as recommended by others (30).  With 23 subjects in each 
group, our requirements of a significant level at P<0.05 
with a power of 80% were contented (30). 

Our aim was having 28 subjects in each protein group 
and 14 in the placebo group. It was decided to recruit a 
total of 80-85 subjects, as a 10-15% early withdrawal range 
was expected from our previous experiences.  

The main comparison of interest in this study was 
between the two protein supplementation groups, whey 
n=24 and soy n=23.  All data were from independent 
observations, and normal distribution in the three groups 
was tested by QQ plots, and difference in variance 
was tested by the Bartletts test for equal variances. At 
baseline data that were not normally distributed were 
log transformed before further statistical analysis and 
presented as medians with 95%-CI. For all normal 
distributed data, values are presented as means ± SDs. 
Differences in outcome means between the whey, soy 
and placebo groups were analyzed by the ANCOVA 
model. The dependent variables were adjusted for 
the covariates BMI, age, sex and baseline levels when 
assumption of a significant linear association between 
the dependent variable and the covariate was contented. 
These specific covariates were chosen because of their 
shown impact on the outcome measures. One-way 
analysis of variance (ANOVA) tested for differences 
between groups at baseline, and paired t-tests were used 
for calculating within-group differences from baseline to 
post intervention. The statistical analyses were performed 
as a per protocol analysis.

The statistical analyses were performed by Stata 
version 13 and the graph by Graphpad Prism 5.

Results

Subjects characteristics

The baseline characteristics of the 57 individuals (47 
women and 10 men) who completed the intervention 
(fig. 1) are shown in Table 2. At baseline the three groups 
were comparable according to age, BMI, weight, LM, 
FM, VO2 max and 6MW.  The mean age of the subjects 
was 68.6 years and the mean BMI was 25.1 kg/m² ± 3.8. 
The activity level was similar in the three groups and 
all participants were living independently. Moreover, 
the 6MW test was similar between the three groups. As 
shown in Table 3 there were no differences between any 
groups in total energy intake, protein or leucine intake at 
baseline. Only one of the participants smoked.

The compliance to the supplements was 89% ± 7.9 
without differences between the groups (whey 87.8% ± 
9.4, soy 89.6% ± 7.7, placebo 90.1% ± 4.3).  Two subjects 
were excluded from the analysis due to not following 
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the protocol (one subject had cognitive limitations that 
affected managing the RT, furthermore the subject 
only ingested 57% of the supplements and another had 
stopped taken the supplements 3 weeks before the end of 
the study), and one subject was excluded due to illness. 
72% of the subjects completed the training log and, 
16 subjects (28%) failed to complete their training log. 
Compliance to the RT protocol was in the log book found 
to be 87.9% ± 15.9 without differences between the groups 
(whey 86.8% ± 15.8, soy 89.8 ± 17.8, placebo 86.4 ± 15).

Changes in physical function during the 
intervention

The 6MW test increased in both protein groups but 
more in the whey group (by 22.8 m ±26.7 corresponding 
to a 4.0% increment) as compared to the soy group 
(5.8 m ±18.1 corresponding to a 1.0% increment) and 
this difference between the two groups was significant 
(P<0.05 fig. 2). Moreover, in the placebo group 6MW 
was increased by 14.1 m ±16.2 (2.4%) which was not 
significantly different from the two protein groups. 
Compared to baseline levels 6MW increased significantly 
in the whey and placebo groups (P<0.001 and P<0.05, 
respectively) but not in the soy group (NS).  

Concerning the 4MGS test there were no differences 
neither between the two protein groups nor within any of 
the three groups in relation to baseline levels. Moreover, 
VO2 max was unaffected in the three groups (Table 4).

Concerning the strength tests (handgrip, leg flexion 
and -extension), there were no differences between the 
two protein groups (Table 4). The handgrip strength 
increased, however, in all three groups compared to 
baseline but only significantly in the soy group, by 34.7 N, 
(11.6%, P<0.05, Table 4) 

Leg extension strength also increased in all three 
groups with significant increases within both the whey 
group by 24.7 N ±43 (8%, P<0.05) and the soy group by 
43.1 N ±40.1 (17.1%, P<0.001), and a trend towards an 
increase within the placebo group by 42.8 N ±54.3 (15.9%, 
P=0.08) which may suggest an effect of the exercise 
intervention on MVC in leg extension in all the groups.

MVC in leg flexion increased by 16.8 N ±33.6 (P<0.05) 
and 22.0 N ±20.8 (P<0.001) in the whey and soy protein 
groups respectively, and when calculated together 
as one protein group there was a tendency towards a 
protein effect on MVC in leg flexion (P=0.16) compared to 
placebo.

There were no changes between any of the groups in 
any of the balance tests (Table 4). Balance performance 
was generally improved as sway velocity was relatively 
reduced compared to baseline (2-29%), though only 
significantly in NSB in the whey group by 20% with 
95%-CI (-35; -3), and in the placebo group by 29% with 
95%-CI (-46; -5) (Table 4). There was also a trend towards 
improvement in TB in whey (P=0.056) and soy (P=0.067) 
as well as in STB in soy (P=0.17) and the placebo group 
(P=0.16). 

Changes in body weight and body composition

There were no differences in body weight between the 
groups (Table 4). As compared to baseline body weight 
increased in all three groups  -  in the whey group by 
0.43 kg ±1.1(NS) and in the soy group by 0.26 kg ±1.3 
(NS), and significantly in the placebo group by 1.03 kg 
±1.4(P<0.05) (Table 4). 

Table 4
Changes in physical function and body composition 

during the intervention

Whey  (n=22)
change

Soy  (n=22)
change

Placebo  (n=10)
change

Physical function

6MW (m) 22.8 ± 26.7C *** 5.8 ± 18.1 14.1 ± 16.2*

4MGS (s) -0.1 ± 0.33 0.02 ± 0.21 0.04 ± 0.32

Vo2max (mlo2/kg/min) 0.28 ± 4.35 0.74 ± 5.1 -0.3 ± 3.1

Hand grip (N) 9.9 ± 37.8 34.7 ± 52.7* 19.6 ± 50.2

Leg extension(N) 24.7 ± 43* 43.1 ± 40.1*** 42.8 ± 54.3

Leg flexion (N) 16.8 ± 33.6* 22.0 ± 20.8*** 2.3 ± 11.4

NSB (%) -20 (-35;-3)* -8 (-23; 11) -29 (-46; -5)*

STB (%)  -12 (-30; 9) -14 (-32; 7) -18 (-39; 10)

TB (%) -18 (-33; 1) -18 (33; 6) -2 (-20; 19)

Body composition

Weight (kg) 0.432 ± 1.1 0.260 ± 1.3 1.03 ± 1.4*

LM (kg) 0.157 ± 1.03 0.545 ± 0.9** 0.226 ± 1.0

FM (kg) 0.137 ± 1.26 -0.186 ± 1.11 0.404 ± 0.93

All values are means ± SDs or medians with (95%-CI), C denotes significantly 
different between the two protein groups p<0.05, calculated by ANOVA. *; ** 
and *** denotes significantly different from baseline in each group at the level of 
p<0.05; p<0.01 and p<0.001, respectively, calculated by paired t-tests. Fat mass 
(FM), Lean mass (LM), Six-minute walk (6MW), four meter gait speed (4MGS), 
Newton (N), Normal standing balance (NSB), Semi tandem balance (STB), 
Tandem balance (TB).

There were no differences in LM or FM between any 
of the groups (Table 4). As compared to baseline levels, 
there was only a significant increment in LM in the soy 
group (P<0.01, Table 4).  When the two protein groups 
were combined there was a tendency towards increased 
FM in the placebo group as compared to the protein 
groups (P=0.06 Table 4).

Changes in blood values during the intervention

As shown in Table 5, there were no differences in 
changes in insulin, glucose, and HOMA index between 
any of the groups. As compared to baseline levels there 
was a significant increase within the whey group in 
insulin (P<0.05), glucose (P<0.05) and HOMA index 
(P<0.05) but not in the other groups. 

As compared to baseline IGF-1 increased in both 
protein groups - by 10.2 ng/ml ±15.3 (9%, P<0.01) within 
the whey group, and by 7.4 ng/ml ±11 (7%, P<0.01) 
within the soy group with no changes in the placebo 
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group. There was a tendency towards an increase in IGF-1 
concentration in the protein groups when combining the 
two protein groups as compared to the placebo group 
(P=0.065, Table 5). 

Table 5
Changes in blood values during the intervention

Whey (n=22) Soy (n=22) Placebo (n=10) 

1Insulin (pmol/L) 39.7 ± 32 37.1 ± 30.2 41.4 ± 24.7

2Insulin (pmol/L) 8.9 ± 15.8* 5.6 ± 22 0.5 ± 15.4

1Glucose (mmol/L) 5.4 ± 0.76 5.9 ± 0.7 5.8 ± 0.65

2Glucose (mmol/L) 0.36 ± 0.59 * - 0.06 ± 0.62 - 0.27 ± 0.54

1HOMA-IR 0.81 ± 0.58 0.8 ± 0.54 0.85 ± 0.43

2HOMA-IR 0.14 ± 0.28* 0.08 ± 0.4 - 0.04 ± 0.3

1IGF-1 (ng/ml) 119 ± 29.4 104.6 ± 27.8 111.8 ± 18.3

2IGF-1 (ng/ml) 10.2 ± 15.3** 7.4 ± 11** 0.1 ± 19.3

1Urate (mmol/l) 0.253 ± 0.05 0.281 ± 0.06 0.265 ± 0.05

2Urate (mmol/l) - 0.022 ± 0.025 C *** - 0.006 ± 0.031 - 0.003 ± 0.031

1Urea (mmol/l) 5.68 ± 1.02 5.31 ± 1.02 5.82 ± 0.89

2Urea (mmol/l) 0.76 ± 0.8 P *** 0.87 ± 0.8 P *** -0.29 ± 0.6

All values are means ± SDs, C denotes significantly different between the two 
protein groups at level p<0.01 calculated by ANOVA, P denotes significantly 
different from Placebo value (p<0.01) calculated by ANOVA. *; ** and *** 
denotes significantly different from baseline in each group at level p<0.05; 
p<0.01 and p<0.001 respectively, calculated by paired t-tests. Insulin growth 
factor (IGF-1).1denotes baseline values, 2denotes changes.

As expected the urea concentration increased 
significantly in both the whey protein group by 0.76 
mmol/L ±0.8 (14.6%, P<0.001) and in the soy protein 
group by 0.87 mmol/L ±0.8 (17.6%, P<0.001) compared to 
baseline with no changes between the two protein groups. 
Moreover, the increment in urea concentration in the 
protein groups was significantly different from the 4.8% 
decrease in the placebo group (P<0.001, Table 5).   

The changes in urate were significantly different 
between the two protein groups (P<0.01, Table 5) where 
urate decreased by 0.022 mmol/l ±0.02 (-7.5%) in the 
whey group compared with no changes in the soy group.

Dietary changes during the study

As expected there were no differences in total protein 
intake between the whey- and soy groups during 
the intervention (1.64 g/kg/day and 1.71 g/kg/day, 
respectively) which was significantly different from 
the placebo group (0.87 g/kg/day) (P<0.001, Table 3). 
Moreover, also as expected the leucine content of the 
diet was significantly higher in the whey group (9.44 g/
day) as compared to the soy group (6.75 g/day) (P<0.001, 
Table 3) and the placebo group (3.71 g/day) (P<0.0001).

Figure 2
Effects of intake of whey protein and soy protein for 
16 weeks on six-minute walk (6MW) distance. Mean 

changes of walk distance in meter +/- SEM. There was 
a significant difference between the whey and the soy 
group calculated by ANCOVA. Whey group n=22, soy 

n=22, placebo n=10 

Discussion

In these elderly individuals with osteopenia, whey 
with leucine enrichment was found to significantly 
increase the 6MW  test compared to soy protein 
supplementation, but no significant effects on 4MGS or 
any other physical performance or strength tests were 
seen between the two groups. 

The clinical implication of the 3% extra increment of 
6MW in the whey group as compared to the soy group is 
difficult to evaluate but is rather small.  It has been shown 
that a 50 meter change corresponding to an 8% increase 
could give a substantial clinical effect with group sizes 
like in our study (31). 

Our finding that exercise and leucine rich whey 
protein increases physical function, although to a minor 
degree, determined by the 6MW test supports a recent 
investigation from Rondanelli et al., who reported that 
exercise and leucine supplementation increased physical 
function in hand grip strength by 20% compared to 
exercise and placebo (32). Furthermore, a recent pilot 
trial in elderly people reported a 5.8% and 8.8% increase 
in 6MW after EAA with 20% (n=8) or 40% (n=8) leucine, 
respectively, and only a 1.5% increase in the placebo 
group (n=9) (12). It is well known that essential amino 
acids and in particular leucine is associated with an 
increase in MPS in acute studies in humans (33, 34). It 
has been reported that the long term effect of an increase 
in MPS due to dietary protein might lead to increase in 
LM and physical function, also in elderly people (16). 
In our study we saw no increase in LM, however, it 
has been demonstrated by others that physical function 
can improve without an increase in muscle mass (35, 
36). Moreover, numerous recent publications in elderly 
individuals have demonstrated effects of dietary protein 
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and EAA supplementation on a variety of physical 
function outcomes as leg extension and endurance (13), 
chair rise (15) and balance and gait speed (35). 

We did not find any differences in strength and 
balance tests between any of the groups. However, there 
was a clear trend towards improvement in strength 
and balance, with significantly increased performance 
compared to baseline in several parameters across all 
groups. This may indicate an effect of the RT in this 
study like in other studies (37-39), and in line with 
recent reports on the associations between strength and 
balance in elderly individuals (40, 41). There were no 
differences between the two protein groups concerning 
anthropometrics such as body weight, LM and FM, but, 
there was a non-significant tendency that body weight 
and FM increased in the placebo group. This may be due 
to the maltodextrin (polysaccharide - glucose) which 
was given to this group, and high intake of glucose may 
enhance the risk of positive energy balance (42). 

There were no differences between the two protein 
groups concerning the blood values except for p-urate 
(Table 5). However, in the whey group both insulin, 
glucose , and HOMA-IR increased significantly as 
compared to baseline values, most likely as a result of  
the higher intake of leucine since a long term stimulation 
of circulating leucine may affect the insulin-glucose 
homeostasis (43). Besides the insulin independent effect 
of leucine on the mTor pathway and MPS, leucine also 
promotes an insulin dependent effect by stimulation of 
the pancreas ß-cells to secrete insulin and thereby further 
increase MPS (43). 

IGF-1 is another anabolic biomarker, stimulating 
MPS, which may be associated to whey protein intake in 
postmenopausal women (44-46). The IGF-1 concentration 
was increased in both our protein groups and confirms 
this protein effect, also in line with the effect found by 
Heaney et al. after 2 years of milk supplementation (46).

The increased 6MW without change in muscle mass in 
the whey group can be a result of equal rates of MPS and 
muscle protein breakdown (MPB) at a high flux level of 
total muscle protein turnover (MPT) (47). Speculatively, 
it is possible that the muscle protein quality may have 
been improved due to an increased remodeling of muscle 
fibers leading to more effective functioning muscle 
tissue (47-49).  It can be speculated that the 2.4% increase 
in 6MW in the placebo group during the study could 
indicate a specific effect of the carbohydrate supplement 
since there is some evidence of a carbohydrate stimulated 
effect on post exercise MPS when combined with 
amino acids (50). This might explain the small 2.4% but 
significant within increase in 6MW in the placebo group 
which is not evident in the soy protein group (with much 
lower carbohydrate in the supplement), but it should be 
emphasized that there were no significant differences 
when comparing the changes in the two groups.

Another interesting observation in this study was the 
decreased concentration in plasma urate in the whey 
group compared to the soy group. Urate is the end-

product of purine degradation. These findings are in 
line with previous acute and short term investigations, 
where it was shown that milk proteins have a very low 
content of purines compared to soy protein (51-53). An 
elevated level of urate in plasma has been linked to the 
development of cardiovascular diseases (54-56) and is 
directly involved in the development of gout in patients 
(57). Thus, reduced levels of urate after whey protein 
intake may be associated with positive health effects in 
humans.

The increased level of urea in the two protein groups 
emphasizes good adherence to the dietary protocol 
during the intervention. 

There are some limitations to the present study. Only 
57 individuals completed this investigation with only 10 
subjects in the placebo group and particularly, the low 
number in the placebo group makes a direct comparison 
between the protein groups and the placebo group 
statistically problematic. Also we included relatively 
healthy elderly people, whereas a population of more 
fragile elderly people could potentially have responded 
more strongly. 

Another limitation of the study may be that the protein 
and leucine intake in the soy group was also rather high 
since in the soy group the daily intake of e.g. leucine was 
6.75 g when habitual leucine intake from the food records 
was included, and if we divided this leucine content into 
3 daily meals, the per meal intake was 2.25 g leucine 
which is rather close to the suggested threshold at 2.5 – 
2.8 g for healthy elderly people (15). Thus, this rather high 
intake of protein and leucine in the soy group may have 
affected the possibility to detect differences between the 
two protein groups.

Moreover, our four month-intervention may have 
been too short to detect differences between the dietary 
supplements. A six month-intervention with protein 
supplementation without exercise compared to placebo 
significantly increased physical function in frail elderly 
individuals (35). This indicates that a study of at least six 
month duration might have been appropriate to detect 
differences between the two protein groups.

It is of substantial importance that people perform 
physical activity and that they have a high quality protein 
intake in their diet during ageing (58). Our data support 
this current understanding and suggest that whey protein 
supplement, in addition to the effect of RT, has an impact 
on 6MW but the clinical importance of this effect is 
uncertain. Moreover, whey protein reduced the plasma 
urate which may have beneficial health effects as well.   
In conclusion leucine-rich whey protein supplementation 
twice a day with concurrently RT, over a 16-week period, 
had little effect on 6MW which presumably is of only 
very minor clinical importance in elderly people with 
osteopenia, and, moreover, had no effects on the other 
physical functional or strength tests or on muscle mass as 
compared with intake of soy protein.
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