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Effects of soy milk ingestion immediately after resistance training
on muscular-related biomarkers in older men: a randomized

controlled trial
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ABSTRACT: We evaluated the effects of soy milk ingestion on changes in body composition, strength, power,
and muscular-related biomarkers following 12 weeks of resistance training in older men. Thirty healthy older
men (age = 65.63 = 3.16 years; body mass = 62.63 =+ 3.86kg) were randomly assigned to one of two groups:
soy milk + resistance training (SR) or placebo + resistance training (PR). Participants in the SR group received
240 ml of vanilla-flavoured non-dairy soy milk immediately after every training session and at the same time
on non-training days. Differences in muscle mass, upper limb body strength (UBS), lower limb aerobic power (LAP),
activin A, and GDF15 were significantly greater in the SR group vs. the PR group (P < 0.05). Both intervention
groups experienced a significant (p < 0.05) reduction in body mass (PR = -3.9 kg; SR = -3.2 kg), body fat %
(PR = -0.8%; SR = -1.2%), activin A (PR = -5.1 pg/ml; SR = -12.8 pg/ml), GDF15 (PR = -8.1 pg/ml; SR = -14.7 pg/
ml), TGFB1 (PR = -0.43 pg/ml; SR = -0.41 pg/ml), and increase in muscle mass (PR = 0.81 kg; SR = 2.5 kg),
UBS (PR = 3.4 kg; SR = 6.7 kg), lower limb body strength (PR = 2.8 kg; SR = 5.2 kg), upper limb aerobic
power (PR = 34.3 W; SR = 38.6 W), LAP (PR = 23.2 W; SR = 45.2 W), BDNF (PR = 8.3 ng/ml; SR = 12.7 ng/
ml), and irisin (PR = 1.5 ng/ml; SR = 2.9 ng/ml) compared to baseline. The ingestion of soy milk during
12 weeks of resistance training augmented lean mass, strength, and power, and altered serum concentrations
of skeletal muscle regulatory markers in older men.
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Aging is the age-related decline of biological functions [1]. Aging
is a natural process associated with modifications in biological
systems such as a decline in muscle mass and muscle strength [2].
Skeletal muscle accounts for approximately 40% of total body
mass, and it plays an indispensable role in locomotion and me-
tabolism [3, 4]. Between the ages of 20 and 80, humans
lose approximately 20-30% of their skeletal muscle mass. Skel-
etal muscle undergoes a gradual loss of fat-free mass, size, and
function in the aging process called sarcopenia [2]. Several pos-
sible mechanisms for age-related muscle atrophy have been de-
scribed; however, the precise contribution of each is not well known.
Age-related muscle loss is a result of reductions in the size and
number of muscle fibres, possibly due to a multifactorial process
that involves physical activity, nutritional intake, oxidative stress,
and hormones or signalling molecules [5]. It has been suggested
that elevations in circulating concentrations of cell-signalling mol-
ecules increase the likelihood of receptor interaction and thus

enhance the probability of a physiological effect within skeletal
muscle [6].

Muscle mass is determined by the balance between muscle pro-
tein synthesis (MPS) and muscle protein breakdown (MPB) [5]. The
main anabolic pathways that lead to protein synthesis in muscle in-
clude serine/threonine kinase, protein kinase B, mammalian target
of rapamycin (mTOR), hormones such as insulin-like growth factor
and insulin and branched-chain amino acids (e.g. leucine, valine,
isoleucine) [7]. Muscle protein breakdown includes activation of the
ubiquitin-proteasome pathway by changing transforming growth fac-
tor-beta (TGF-B) and myostatin [7].

Tumour growth factor-B1, a member of the TGF-@ family, is a mul-
tifunctional cytokine involved in the regulation of muscle repair via
satellite cell activation, connective tissue formation, and regulation
of the immune response intensity [8, 9]. Growth and differentiation
factor-15 (GDF15) has both environment/situation mediated and di-
rect effects on skeletal muscles, resulting in reduced muscle mass,
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and therefore it is potentially involved in sarcopenia [8, 10]. Base-
line GDF-15 predicts declining physical activity in the elderly [11].
Irisin is a novel myokine that has been shown to induce browning
of white adipocytes. Irisin improves myogenesis and induces hyper-
trophy of skeletal muscle since it is secreted from muscles in re-
sponse to exercise [12, 13]. Brain-derived neurotrophic factor (BDNF)
as a protein is produced in the skeletal muscle and increased by
muscle contraction to enhance fat oxidation, which can regulate glu-
cose and fat metabolism [14]. Lower concentrations of BDNF and
irisin, and higher concentrations of activin A, growth and differenti-
ation factor-15 (GDF15), and tumour growth factor 1 (TGFB1) have
been reported during aging [15-18].

Resistance training improves musculoskeletal strength, muscle
mass, bone mass, and connective tissue thickness [19]. Previous re-
search has shown that strength training increases power and strength,
muscle size, and plasma-metabolism biomarkers in the elder-
ly[2, 15, 20-22]. Resistance training is a potent stimulus to increase
skeletal muscle mass and results in an anabolic response [23]. The
muscle protein accretion process depends on a robust synergistic ac-
tion between protein intake and overload [23]. It is suggested that
post-exercise protein ingestion increases plasma amino acids, which
results in the activation of signalling molecules, leading to an increase
of MPS and muscle hypertrophy, particularly leucine, thus activating
the key anabolic signalling mechanism of the mechanistic target of
rapamycin (mTOR) [23-25]. The balance between MPS and MPB is
dependent on protein consumption and the accompanying hyperam-
inoacidaemia, which stimulates a marked rise in MPS and mild sup-
pression of MPB [26]. Recently, it was suggested that soy milk (a plant-
based non-dairy beverage) can be considered to be a nutritionally
adequate and complete protein, which is enriched in fatty acids, phos-
phatidylcholine, and isoflavones, particularly genistein [271. Soy milk
is a good source of protein, calcium, and potassium [28]. Also, it has
been reported that soy milk contains essential amino acids such as
leucine, lysine, phenylalanine, and isoleucine [29, 30]. Based on the
authors’ knowledge, the present study is the first one to evaluate the
effects of soy milk consumption and resistance training on serum con-
centrations of activin, GDF15, TGFB1, BDNF, and irisin in older men.
However, there have been limited studies with contradictory findings
that have been conducted to examine the effects of soy milk consump-
tion and resistance training on body composition, strength, and pow-
er. Therefore, we conducted the present study to assess the effects of
soy milk ingestion on changes in body composition, strength, power,
and muscular-related biomarkers (activin A, GDF15, TGFB1, BDNF,
and irisin) following 12 weeks of resistance training in older men.

MATERIALS AND METHOD'S 15—
Participants

Thirty healthy elderly men (age 65.63 = 3.16 years; body
weight = 62.97 +4.18 kg) volunteered for this study (Figure 1).
Age 60-80 and physical independence were inclusion criteria. Exclu-
sion criteria were: current or previous significant cardiovascular
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histories; neurological, respiratory, muscular, metabolic, inflamma-
tory, bone, joint, and movement disorders; consumption of dietary
supplements; alcohol consumption or smoking for at least 1 year
prior to study entry; allergy/sensitivity to soy milk and a history of
regular physical activity in at least the last year. All of these criteria
were assessed by the physician using the Physical Activity Readiness
Questionnaire (PAR-Q) and the Health/Medical History Questionnaire.
Written informed consent was obtained from all participants. All
experiments were performed in accordance with the Declaration of
Helsinki. This study has been approved by the Sport Sciences Re-
search Institute of Iran (IR.SSRC.REC.1398.062) and registered in
the Iranian Clinical Trials Registry (IRCT20190731044398N3).

Studly design

This study was a randomized, double-blind, parallel prospective
clinical trial (Figure 2). Prior to baseline measurements, all participants
were familiarized with all tests and procedures. The participants were
then randomized to two groups: soy milk + resistance training (SR;
n = 15) or placebo + resistance training (PR; n = 15). The alloca-
tion was stratified using a digital tool available at www.randomizer.
org. Measurements were collected at the beginning and end of the
12 weeks of intervention. All measurements were recorded at the
same time and under the same environmental conditions. Participants
were asked not to change their current lifestyle and eating habits
during the study period.

Interventions

Supplementation protocol

Participants in the SR group received 240 ml of vanilla-flavoured
dairy-free soy milk immediately after each training session and si-
multaneously on non-training days for 12 weeks. Also, participants
in the PR group received 240 ml of placebo (a placebo with artifi-
cially sweetened water) at the same time as the SR group. Soy milk
and placebo were in opaque (masked) beverage containers and were
similar in taste and smell, texture and appearance [31]. The timing
and dose of soy milk were chosen according to the previous studies
conducted by other scientists [30, 32]. Soy milk (dairy-, lactose-,
and casein-free; absolutely no carrageenan, gluten, egg, or peanut)
was supplied from Saina Ghaza Part Company, Iran and registered
with the health ministry (No:56/16554). The energy and macronu-
trient composition of this milk per 240 mL are as follows: energy,
99.6 kcal; protein, 6.75 g; carbohydrate, 9.15 g; fat, 4 g; calcium,
100 mg; sodium, 98 mg; cholesterol, O mg; iron, 1.1 mg; vitamin
D 2.5 mcg; vitamin A, 150 mcg; vitamin B12, 1.5 mcg; potassium,
300 mg; riboflavin 0.4 mg. It should be noted that researchers
monitored the soy milk supplementation. After the training sessions,
soy milk was served to the participants by the researcher, who wit-
nessed its consumption. On non-training days, supplementation was
verified by phone or SMS. To assess compliance with supplementa-
tion on non-training days, participants provided empty nutrient
boxes to study staff.
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FIG. 1. Participants’ flow diagram.
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FIG. 2. Diagram of the study design.

Abbreviations; SR: soy milk + resistance training; PR: placebo + resistance training; BMI: Body Mass Index; BFP: Body Fat Percent;
UBS: Upper body Strength; LBS: Lower body Strength; LAP: Lower Anaerobic Power; UAP: Upper Anaerobic Power.

TABLE 1. Resistance training program

SR and PR Groups

Sessions 3
per week
Warm-up 10 min treadmill running/ low density

Exercise: Leg Press, Chest Press, Seated Row,

Resistance  Leg Extension, Lat Pulldown, Tricep Dips
training Intensity: 60% 1RM
Volume: 1 min per exercise, 30 sec recovery per
exercise
Repetition: Repeat X 4 sets
Cool-down 10 min

Abbreviation: SR: soy milk + resistance training; PR: placebo
+ resistance training.

Exercise training programme

In order to familiarize themselves with the training procedures, the
members of the two groups were familiarized with the correct form
of lifting and correct breathing techniques. Participants in these groups
performed sessions of the resistance training programme on three
non-consecutive days per week for 12 weeks. The training programme

consisted of three stages: a 10-minute warm-up, 40-minute resistance
training and a 10-minute cool-down (Table 1 shows the details of the
training programme). The resistance training (four sets/six exercis-
es/15 tempo-controlled repetitions/30-second rest between each
exercise) included leg presses, chest presses, rows, leg stretches,
pull-ups, and triceps push-ups. Participants began training at ~60%
of one repetition maximum (1RM) at the beginning of the intervention;
if they could comfortably do the exercise for about 60 seconds, we
added about 5% weight gain for the next training session. 1RM was
determined as described by Calvani et al. [33]. The periodized proto-
cols were adapted from previous studies [34]. All training sessions
were supervised by qualified personal trainers.

Measurements

Boa’y composition assessments

Upon arrival at the laboratory, participants were asked to urinate
completely within 30 minutes of the test. Body weight (BM) was
measured using a digital scale (SECA, Germany) with an accuracy
of 0.1 kg. The height of the participant was measured with a stadi-
ometer (SECA, Germany) with an accuracy of 0.1 cm. Also, body fat
percentage (BFP), body mass index (BMI), and muscle mass were
assessed using a multi-frequency bioelectrical impedance device
(BIA; Jawon Medical X Contact-356, South Korea), as previously
described [35]. The test-retest reliability of the bioelectrical imped-
ance method is high (R = 0.95 to 0.99) [36].

1210 .



Soy milk ingestion immediately after resistance training

Physical performance tests

Lower limb anaerobic power (LAP) and upper limb anaerobic power
(UAP) were evaluated by the Wingate anaerobic (Monark 831E and
894 Ea, Varberg, Sweden) test as previously described [36]. A med-
ical doctor supervised the Wingate testing to monitor signs of car-
diovascular discomfort. VO, of each participant was measured by
the modified Bruce protocol as described by Bamman et al. to de-
termine fitness level [37]. Also, the upper limb body strength (UBS)
and lower limb body strength (LBS) of participants were evaluated
by one-repetition maximum (1RM) on the chest press and leg press
machines, respectively, as previously described [34].

Blood biochemistry

Fasting blood samples (~10 mL) were collected from the antecubi-
tal vein using standard procedures approximately 48 h before and
after the last training session. Following the completion of blood
sampling, the samples were centrifuged at 3000 rpm for 10 minutes,
and serum was stored at -80°C until further analysis. Serum activin
A (kit: Cusabio Co, sensitivity: 3.9 pg/ml), GDF15 (kit: Cusabio Co,
sensitivity: 1.95 pg/ml), TGFB1 (kit: Cusabio Co, sensitivity: 0.747 ng/
ml), BDNF (kit: Abcam Co, sensitivity: 2.4 pg/ml), and irisin (kit:
Cusabio Co, sensitivity: 0.78 ng/ml) concentrations were measured
using commercial human ELISA kits. The intra- and inter-assay coef-
ficients for all factors were < 8% and < 10%, respectively.

Nutrient intake and dietary analysis

Participants were asked to maintain their habitual diet during the
study. To minimize dietary variability, participants submitted 3-day
(2 weekdays and 1 weekend) food records at baseline and 12 weeks
of the intervention. Each item of food was individually entered into
Diet Analysis Plus version 10 (Cengage, Boston, MA, USA), and
total energy consumption and the amount of energy derived from
proteins, fats, and carbohydrates were evaluated [38].

Statistical analysis

Estimation of an appropriate sample size was conducted using the
G*Power analysis software. Our rationale for sample size was based
on previous studies [30, 34]. The analysis revealed that a sample size
of at least 26 participants (n = 13 per group) was needed to provide
power (1- B) of 0.80 (a = 0.05). The normality of data distribution
was evaluated by the Shapiro-Wilk test. Analysis of variance (ANOVA)
was applied to examine the intra- and inter-group differences. In the
case of significant differences, a Fisher LSD post hoc test was used.
Nutrition data were analysed using repeated measures ANOVA anal-
ysis. Statistical significance was set at P < 0.05. All statistical proce-
dures were analysed using statistical package for social sciences IBM
SPSS Statistics 22 (IBM Software Group, Chicago, IL, USA) and were
expressed as mean = SD. All the figures were prepared in GraphPad
Prism (version 8.0.2).

RIES U LTS 1500
Dietary intake monitoring and compliance with exercise training
and supplementation interventions

Overall adherence to both exercise training and supplementation was
100% across PR and SR. There were no reports of an adverse event
from either nutritional intervention or the resistance training

TABLE 2. Demographic data of participants

Variable PR group (n = 15) SR group (n = 15)
Age (year) 66.33+0.86 64.40+0.87
Height (cm) 167.93+0.92 168 +0.97
Weight (kg) 64.85+0.96 61.09+0.98

Abbreviation: Values are presented as Mean = SD; SR: soy milk
+ resistance training; PR: placebo + resistance training.

TABLE 3. Energy and macronutrients at the before and at the end of week 12

Variables Group Baseline 12 weeks P-value
PR 1773.33+49.77 1792.80 + 56.85 0.262
Energy (kcal/day)
SR 1762.00+50.11 1789.60 +53.01 0.095
) PR 80.40+7.47 77.80x4.72 0.184
Protein (g/day)
SR 77.13+4.76 77.86+5.52 0.593
PR 242.93+6.95 246.80+6.85 0.129
Carbohydrate (g/day)
SR 244.26+9.16 247.73+6.00 0.095
PR 53.33+2.76 53.60=+3.71 0.830
Fat (g/day)
SR 52.93+3.19 54.13+3.73 0.440

Abbreviation: SR: soy milk + resistance training; PR: placebo + resistance training. Values are Mean = SD.
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FIG. 3. Changes in blood markers, physical performance and body compositions parameters in response to 12 weeks of soy milk
ingestion immediately after resistance training. Weight, (A); BFP, Body Fat Percentage, (B); Muscle Mass, (C); UBS, Upper Body
Strength (D); LBS, Lower Body Strength, (E); UAP, Upper Anaerobic Power, (F), LAP, Lower Anaerobic Power, (G), Activin A, (H);
GDF15 (I); TGFB1 (J); BDNF (K); and irisin (L) from pre-training to post-training in the PR (placebo + resistance training) and SR
(soy milk + resistance training) groups. Error bars represent standard error of the mean.

programme. The mean demographic characteristics of the two groups
are summarized in Table 2. Nutrient analysis of the dietary records
of PR and SR groups before and after the intervention period by
using repeated measures ANOVA analysis is presented in Table 3.
There were no significant differences in total energy intake or protein,
fat, and carbohydrate intakes between the study groups (P > 0.05).

Body composition

Figure 3 presents values for body composition. Results of the present
study indicated a significant decrease in weight [PR = -3.91 kg
(95% confidence interval (Cl), 5.55 to 2.27) (P < 0.001) and
SR =-3.23 kg (95% Cl 3.78 10 2.67) (P < 0.001) (Figure A)] and
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BFP [PR = -0.82% (95% ClI, 0.94 to 0.69) (P < 0.001) and
SR =-1.27%(95% Cl 1.41 t0 1.13) (P < 0.001) (Figure B)] over
time. Also, a significant enhancement was experienced for muscle
mass [PR = 0.81% (95% Cl, -0.65 to -0.97) (P < 0.001) and
SR =-2.56% (95% Cl -2.22 t0 -2.89) (P < 0.001) (Figure C)] over
time. ANOVA did not show that soy milk had a significant effect on
body weight values (F; ,) = 0.710, p = 0.407, n? = 0.025) in
interaction with the resistance training programme (Figure A). Only
a similar effect of the resistance training programme was confirmed
= 78.387, p < 0.001, n? = 0.736). A sig-
nificant effect of using soy milk was observed in interaction with the
resistance training programme for BFP (F; ,¢) = 27.431, p < 0.001,

for both groups (F(;, 2g)
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n? = 0.495) and muscle mass (Fq 28 = 99.631, p < 0.001,
n? = 0.781) (Figure B and C; respectively). Fisher's LSD post-hoc
test did not confirm that, either before or after 12 weeks of resistance
training, the BFP values were statistically different between PR and
SR groups (p > 0.05). Fisher’s LSD post-hoc test showed statisti-
cally significantly higher muscle mass values in the SR group com-
pared to the PR group after the completion of the resistance training
programme (p < 0.001).

Physical fitness assessments

Figure 3 presents values for physical fitness assessments. Findings of
the present study showed significantly increased UBS [PR = 3.40 kg
(95% Cl, -2.81 t0 -3.98) (P < 0.001) and SR = 6.73 kg (95% ClI
-6.20 t0 -7.26) (P < 0.001) (Figure D)1, LBS [PR = 2.80 kg (95%
Cl,-1.79t0-3.80) (P < 0.001)and SR = 5.26 kg (95% Cl - 4.31 to
-6.21) (P < 0.001) (Figure E)], UAP [PR = 34.34 W (95% ClI,
-26.74 to - 41.93) (P < 0.001) and SR = 38.62 W (95% Cl -
33.76 to - 43.47) (P < 0.001) (Figure F)I, and
LAP [PR = 23.28 W (95% Cl, -19.86 to - 26.71) (P < 0.001) and
SR =45.28 W (95% Cl-39.50t0-51.06) (P < 0.001) (Figure G)]
over time. ANOVA showed that soy milk had a significant impact on
UBS (F1, 28y = 41.97,p < 0.001,1? = 0.744), LBS (F;, »g = 14.631,
p < 0.001, n? = 0.343) and LAP (F; ,g = 49.34, p < 0.001,
n? = 0.638) in interaction with the resistance training programme
(Figure D, E, and G; respectively). For UAP only a similar effect of
resistance training programme for both PR and SR groups was found
(Fu,28) = 301.43, p < 0.001, n? = 0.915) (Figure F). Fisher's LSD
post-hoc test showed statistically significantly higher UBS and LAP
values in the SR group compared to the PR group after the completion
of the resistance training programme (p < 0.0001). Fisher’'s LSD
post-hoc test did not confirm that, either before or after the 12 weeks
of the resistance training programme, the LBS values differed signifi-
cantly between PR and SR groups (p > 0.05).

Blood markers

Figure 3 presents values for serum concentrations of muscular-relat-
ed biomarkers. There were significant reductions in serum concentra-
tions of activin A [PR = -5.14 pg/ml (95% Cl, 7.76 to 2.52)
(P < 0.001) and SR = -12.89 pg/ml (95% ClI, 16.70 to 9.08)
(P < 0.001) (Figure H)], GDF15 [PR = -8.15 pg/ml (95% ClI,
10.84 to 5.45) (P < 0.001) and SR = -14.79 pg/ml (95% ClI,
17.431012.15) (P < 0.001) (Figure )], and TGFB1 [PR = -0.43 pg/
ml (95% Cl, 0.85t0 0.02) (P = 0.04) and SR = -0.41 pg/ml (95%
Cl,0.48100.33) (P < 0.001) (Figure J)], and significantly increased
serum concentrations of BDNF [PR = 8.37 ng/ml (95% Cl, -5.63 to
-11.11) (P < 0.001) and SR = 12.77 ng/ml (95% ClI, -8.72 to
-16.81) (P < 0.001) (Figure K)1, and Irisin [PR = 1.56 ng/ml (95%
Cl, -0.81 to -2.30) (P < 0.001) and SR = 2.94 ng/ml (95% ClI,
-2.34to-3.53) (P < 0.001) (Figure L)] over time. ANOVA showed
that the usage of soy milk had a significant influence on activin
A(F 28 =12.910,p < 0.001,n? = 0.316), GDF15 (F; 5g = 14.232,

p < 0.001, n? = 0.337) and irisin (F(; 25 = 9.639, p = 0.004,
n? = 0.256) in interaction with the resistance training programme
(Figure H, I, and L; respectively). Fisher’s LSD post-hoc test showed
significantly higher values of activin A (p = 0.036) and
GDF15 (p = 0.019) in the SR group compared to the PR group
after completion of the resistance training programme. Fisher's LSD
post-hoc test did not confirm that neither before or after the 12 weeks
of the resistance training programme the irisin levels differed sig-
nificantly between the PR and SR groups (p > 0.05). For BDNF
(Fu, 29 = 86.23,p < 0.001,n? = 0.757) and TGFB1 (F; 2 = 18.671,
p < 0.001, n? = 0.400) only a similar effect of the resistance train-
ing programme was observed for both PR and SR groups (Figure J).

DISCU'S S 1O /N 155
This was the first randomized controlled clinical trial to examine the
effects of soy milk ingestion during a resistance training programme
in older men. The main findings of our study were that in both SR
and PR groups, significantly increased muscle mass and strength,
and serum concentrations of BDNF and irisin, and decreased BFP,
serum concentrations of activin A, GDF15, and TGFB1 were observed.
The results showed that soy milk ingestion (post-exercise) during
12 weeks of resistance training increased muscle mass, muscle
performance (strength and power), and serum concentrations of
irisin compared to a placebo; however, the same was not observed
in serum concentrations of BDNF. Also, it was found that soy milk
ingestion (post-exercise) during 12 weeks of resistance training de-
creased serum concentrations of activin A and GDF15, compared to
a placebo; however, the same was not observed in serum concentra-
tions of TGFB1 and BFP. There were no adverse events reported from
either nutritional intervention or the resistance training programme.

The significant gain in muscle mass and muscular strength from
soy milk ingestion compared to placebo in older men was in agree-
ment with the findings of the previous research. For instance, Chi-
ang et al. reported that soy milk (200 mL) during 12 weeks of mild
resistance training significantly increased muscle mass and hand-
grip strength in very old nursing home residents with sarcopenia [39].
Orsatti et al. found that adding soy to milk combined with 16 weeks
of resistance training resulted in a more significant gain in muscle
mass and strength [40]. Nabuco et al. observed that 12 weeks of
whey protein (1-4 g/kg per day) along with resistance training led
to a significant gain in muscle mass and strength and functional ca-
pacity in older women [3]. In addition, it was demonstrated that tak-
ing protein about 1-6 g/kg per day led to a significant gain in mus-
cle mass and strength [41]. Resistance training stimulates rates of
muscle protein synthesis (MPS), which are further improved by the
presence of dietary proteins [42]. Based on a meta-analysis by Mes-
sina et al. [43], leucine, one of the three branched-chain amino ac-
ids, is able to stimulate the activation of MPS. In particular, leucine
activates MPS through the mTOR complex 1 (mTORC1); therefore
it prevents muscle atrophy during the aging process [43]. In the pres-
ent study, it may be possible that an increase of MPS led to
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significant enhancement of muscular accretion and muscular strength
during the intervention. However, MPS was not evaluated in the pres-
ent study, but one of the possible reasons for an increase in muscle
mass is MPS. Improvement of muscle mass and muscular strength
after soy milk ingestion and resistance training might be due to the
mTORCI1 signalling cascade, which integrates signals from mechan-
ical stimuli, growth factors, and nutrients to stimulate MPS. There-
fore, the combination of soy milk and resistance training had bene-
ficial effects on elevating muscle mass and muscular strength.

Muscle protein balance is also influenced by various hormones and
myokines, which have been suggested to alter the balance between
anabolic and catabolic stimuli in muscle, leading to an increase or de-
crease in muscle mass. Among TGFB isoforms, TGFB1 is the most
abundant and ubiquitously expressed isoform, which has a key role
in various biological processes, including cell growth, muscle differ-
entiation, apoptosis, tissue development, and inflammation [44].
TGFB1 is a potent inhibitor of growth and differentiation in myoblasts
and vascular smooth muscle cells; it also suppresses division and
blocks fusion of satellite cells by suppressing myogenic factors [44].
In addition, activin A and GDF-15, other members of the TGF-8 fam-
ily, seem to have an inverse relationship with skeletal muscle growth
and differentiation [45]. We found a significant reduction in serum
concentrations of TGFB1, activin A, and GDF15 in both groups. How-
ever, participants in the SR group experienced the most significant re-
duction in serum concentrations of activin A and GDF15 compared
with the PR group. The mechanism of the effect of soy milk and re-
sistance training on serum concentrations of activin A and GDF15 is
still unclear. Elevated expression of activins promotes muscle wasting
and cachexia, whereas blocking of activin type Il receptors protects
skeletal muscle from atrophy and leads to strong hypertrophy [45].
Chen et al. [46] reported that enhancement of circulating activin A not
only promoted the reduction of muscle mass and body weight in
a dose-dependent manner but also reduced muscle function, high-
lighting the therapeutic potential of activin A inhibitors [46]. There-
fore, it may have been expected that a significant reduction in serum
concentration of activin A and GDF15 in the SR group may be due to
a significant gain of muscle mass. In this regard, Bagheri et al. report-
ed a modest correlation between the changes in activin A and lean
mass following post-exercise Icelandic yogurt consumption in healthy
untrained older men [42]. Soy milk ingestion during resistance train-
ing can control protein synthesis by intracellular signalling path-
ways [47]. Protein consumption made a positive balance, which led
to the transfer of amino acids into the cell [31]. Potential mechanisms
for these changes are the synergy and interaction of soy milk and re-
sistance training. Nevertheless, the superiority of the interaction of
soy milk supplementation and resistance training elucidates the im-
provement of skeletal muscle regulatory markers by suppressing ac-
tivin A and GDF15 concentrations in skeletal muscle.

According to the literature, skeletal muscle is increasingly classi-
fied as an endocrine organ that can release a variety of signalling
molecules and regulate cytokines called myokines, such as irisin,
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which regulates several aging-related physiological and pathological
processes [22]. Previous research showed a positive correlation be-
tween concentrations of irisin and muscle mass gains in humans [22].
A recent study by Chang et al. [48] reported that a low blood con-
centration of irisin was a sensitive molecular marker for muscle weak-
ness and atrophy [48]. Huh et al. [49] reported a positive correla-
tion between the decrease in serum irisin concentration and the loss
of muscle mass associated with aging [49]. Kim et al. [50] stated
that there was a positive correlation between the changes in circu-
lating level of irisin and the change of muscle mass following resis-
tance training in obese adults [50]. The present study used 12 weeks
of resistance training with soy milk supplementation, which led to
a significant rise in serum concentrations of irisin in the SR com-
pared to the PR group. These differences may be due to irisin re-
sponsiveness to muscle mass gain [22], since it appears to be up-
regulated in response to an increase in muscle mass, which was
observed in the soy milk ingestion group. Considering the benefits of
soy milk ingestion after resistance training in improving muscle
strength and function for the frail elderly, soy milk ingestion after re-
sistance training could seem to be a beneficial intervention strategy
to increase irisin concentrations in the aging population. A growing
body of studies has demonstrated that lower serum concentrations
of BDNF are correlated with the aging process [51, 52]. The change
in concentrations of BDNF with increasing age and neuronal loss in
older persons has been shown to be related to low peripheral BDNF
levels [51]. Our study indicated that both SR and PR groups expe-
rienced similar and significant increases in serum concentrations of
BDNF. These results are contradictory to the findings of Gomes et al.,
who noted that serum concentrations of BDNF were increased in el-
derly men after chronic exercise (12 weeks of aerobic training, con-
sisting of a 50-min walk 3 times per week) [53]. Goekint et al. re-
ported an insignificant increase in serum concentrations of BDNF
after eight weeks of resistance training in untrained subjects [54].
To the best of our knowledge, the present study was the first one to
evaluate the effect of soy milk ingestion during resistance training on
circulating BDNF in elderly men. Our results suggest that resistance
training interventions provide sufficient exercise stimulus to increase
concentrations of BDNF in elderly men. The effect of using soy milk
in interaction with the resistance training programme was not prov-
en, although the trend of BDNF change in the SR group was great-
er than in the PR group (though not statistically significant).

The strengths of this study are triple. Firstly, the study design is
a randomized, controlled clinical trial. Secondly, we proved the ben-
efits of soy milk ingestion and resistance training, and their direct ef-
fects on muscular-related biomarkers as well as fitness and body
composition markers in older men. Thirdly, valid and objective mea-
sures were utilized for the evaluation of muscular-related biomark-
ers, body composition, and physical fitness. This study also had some
limitations. One of the limitations of this study was the lack of di-
etary intake monitoring, and therefore dietary intake was not care-
fully controlled. However, given the uncertain effect of soy milk on
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the results of our study, further research is needed to develop more

effective diets for this older population.
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