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for rtS (72.4 ± 62.2 %; p < 0.01) and rt (50.1 ± 21.5 %; 
p = 0.05); relative leg press 1-rM increased for rtS 
(129.6 ± 39.4 %; p < 0.0001) and rt (112.9 ± 22.7 %; 
p < 0.0001); rtS increased relative Margaria stair-climbing 
power (38.3 ± 30.4 %; p < 0.05); and, relative 400-m walk 
time decreased for rt (−11 ± 9.2 %; p < 0.05) and rtS 
(−9.6 ± 9.4 %; p = 0.05). rt increased estimated VO2Max at 
week 6 (p < 0.01) and 12 (34.6 ± 1.9 to 36.4 ± 2.7 ml/kg/
min; p = 0.01) compared to baseline. lastly, rtS increased 
estimated VO2Max at week 12 (36.3 ± 2.7 to 37.5 ± 3.3 ml/kg/
min; p = 0.05) compared to baseline.
Conclusion creatine and whey protein supplementation 
may not provide additional benefits in older adults per-
forming periodized rt to augment muscular and functional 
performance.

Keywords Hypertrophy · Maximal strength · creatine · 
Protein · Functional performance

Abbreviations
ADl  Activities of daily living
BW  Body weight
c  control study group
cr  creatine
cSA  cross-sectional area
DXA  Dual-energy X-ray absorptiometry
lBM  lean body mass
Pcr  Phosphocreatine
PAr-Q  Physical Activity readiness Questionnaire
rtD  ready-to-drink
rM  repetition maximum
rt  resistance training only study group
rtS  resistance training plus combined creatine 

and protein supplementation study group
rt program  resistance training program

Abstract 
Purpose to examine the effects of 12 weeks of periodized 
resistance training (rt) with and without combined creatine 
and whey protein supplementation on changes in body com-
position, muscular strength, and functional performance.
Methods twenty-two male volunteers (68.1 ± 6.1 years) 
were randomly assigned to one of three groups: rt plus 
supplementation (rtS, n = 7); rt only (rt, n = 7); or 
control (c, n = 8). rtS consumed 0.3 g/kg/day of creatine 
for 5 days followed by 0.07 g/kg/day. rtS also consumed 
one 35 g liquid protein ready-to-drink daily. rt and rtS 
trained 3 days/week.
Results Following 12 weeks of training, there were no sig-
nificant differences in the main measured outcome variables 
between rt and rtS. rtS increased relative (% change) lean 
body mass (lBM, 3.3 ± 3.1 %) compared with c (p = 0.01). 
compared to baseline, rt increased lBM at week 6 
(60.2 ± 8.3 to 61.6 ± 9.4 kg; p < 0.05), and decreased fat mass 
(20.8 ± 4.2 to 19.0 ± 3.9 kg; p = 0.05) and percentage body 
fat at week 12 (25.7 ± 3.8 to 23.8 ± 4.0 %; p = 0.05); rtS 
increased lBM at week 6 (p < 0.01) and week 12 (56.4 ± 4.3 
to 58.2 ± 3.4 kg; p < 0.01), and decreased percentage body fat 
at week 12 (23.9 ± 4.4 to 22.0 ± 4.4 %; p < 0.01). In addi-
tion, compared to c, relative bench press 1-rM increased 
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Introduction

Multiple factors contribute to sarcopenia, a phenomenon 
characterized by the age-related loss of skeletal muscle 
mass, with declines in muscular strength, power, and func-
tional capacity, including physical activity levels across the 
lifespan and a less than optimal diet (Koopman and van 
loon 2009). In addition to its role in disease progression, 
the strength loss and general neuromuscular deconditioning 
associated with sarcopenia decrease an individual’s capac-
ity to perform activities of daily living (ADl) and reduce 
his or her ability to exercise (Hunter et al. 2004). these 
reductions in skeletal muscle contractile force accelerate in 
the fifth and sixth decades of life (lindle et al. 1997; Sam-
son et al. 2000), and many of the changes in physical func-
tion are related to this loss of muscular strength (Fiatarone 
et al. 1990). If left unaddressed, these changes in physical 
function can result in a progressive loss of mobility and 
independence leading to increased risk of falls, disability, 
and dependence.

resistance training robustly stimulates skeletal mus-
cle growth (Kraemer et al. 1999) and has become a pri-
mary intervention used to attenuate the deleterious effects 
of sarcopenia. the hypertrophic response to resistance 
training results from replication of myofibrils in parallel 
within existing muscle fibers, thereby promoting muscle 
fiber growth and concomitant increases in muscle force 
production. Evidence suggests that the effects of planned 
and systematically progressed (i.e., periodized) resistance 
training programs can serve as a countermeasure against 
the reductions in muscle mass, strength, power, physical 
activity, and ADl associated with sarcopenia (Kraemer 
et al. 1999; Hakkinen et al. 2000; chodzko-Zajko et al. 
2009). However, research examining the effects of perio-
dized resistance training programs in older adults is limited 
(Kraemer et al. 1999; Hakkinen et al. 2000); specifically, 
more evidence is needed to establish the efficacy and safety 
of periodized resistance training programs aimed at elicit-
ing the greatest possible acute anabolic stimulus leading 
to optimal chronic hypertrophic and strength adaptations. 
these programs would prescribe higher training intensities 
and relatively short rest interval lengths in between sets and 
exercises and incorporate multiple compound movements, 
appropriately sequenced in each training session, to opti-
mally stimulate large muscle masses (Kraemer et al. 1990, 
1999; crewther et al. 2006).

Substantial evidence suggests that the therapeutic ben-
efits of resistance training are physiologically limited in 
older adults (Dalbo et al. 2009). One potential physiologi-
cal limitation may be that aging results in reduced con-
centrations of resting phosphocreatine (Pcr), which is a 
primary and integral component of the Pcr energy system 
that predominates during performance of short-duration, 

high-intensity activities such as resistance training (Smith 
et al. 1998; Dalbo et al. 2009). Intramuscular Pcr con-
centrations are ~25 % lower in older adults compared 
to young adults (campbell et al. 1999), and individuals 
with low total intramuscular Pcr concentrations show an 
enhanced ability to increase intracellular Pcr content fol-
lowing supplementation with creatine (Harris et al. 1992). 
Furthermore, research indicates that adults above the age 
of 50 who are acutely supplemented with creatine have 
increased resting levels of intramuscular Pcr and faster 
Pcr resynthesis after exercise (Becque et al. 2000). there-
fore, creatine supplementation may be a safe and effective 
mean to diminish age-related declines in lean mass and 
muscular performance, if improvements in metabolism 
translate into greater resistance training-induced adapta-
tions (chrusch et al. 2001). chrusch et al. (2001) reported 
that creatine supplementation, in combination with resist-
ance training, increases lean tissue mass and enhances sev-
eral muscular performance qualities which include maxi-
mal strength, strength-endurance, and dynamic power. 
these augmented performance adaptations may result 
from an improved ability to tolerate more intense and fre-
quent resistance training stimuli, all potentially leading to 
an enhanced hypertrophic response as well. Several stud-
ies in young men and women have shown an ergogenic 
effect of creatine supplementation on resistance training-
induced muscular performance adaptations (Earnest et al. 
1995; Stone et al. 1999), but similar studies are limited 
in older adults and have yielded equivocal results (Brose 
et al. 2003; Bemben et al. 2010). therefore, collectively, 
research till day indicates older adults may benefit more 
than young adults from a combination of short- or long-
term resistance training and creatine supplementation 
(Kreider et al. 1998; Volek et al. 1999).

consuming adequate dietary protein to support pro-
tein turnover and resistance training-induced hypertrophy, 
while preventing protein degradation, is vital to health 
maintenance throughout the lifespan and may potentially 
be essential in slowing the rate of decline in muscle mass as 
a result of sarcopenia and other age-related factors (Hulmi 
et al. 2009; Koopman and van loon 2009). Ingestion of 
amino acids or protein stimulates muscle protein synthesis 
and inhibits protein breakdown resulting in a positive net 
protein balance in both young and older adults (Koopman 
and van loon 2009). Protein intake, especially whey/milk 
protein supplementation, before and/or immediately after 
an acute resistance training bout, may promote greater 
protein anabolism than protein ingestion at other times 
(e.g., optimal to ingest within 2–5 h prior to and/or after 
an acute resistance training bout) (Esmarck et al. 2001; 
Andersen et al. 2005; cribb and Hayes 2006). thus, fre-
quent ingestion of whey/milk protein, immediately follow-
ing an acute resistance training bout as part of a short- or 
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long-term relatively high frequency resistance training 
program, may be a highly effective protein supplementa-
tion strategy to elicit an enhanced hypertrophic response 
to and recover from intense resistance training leading to 
superior resistance training-induced muscular performance 
improvements.

the purpose of this pilot investigation was to examine 
changes in lean body mass, fat mass, upper and lower body 
muscular strength and strength-endurance, functional per-
formance, and aerobic capacity in older men (60–80 years), 
in response to a 12-week, non-linearly periodized resist-
ance training program with and without creatine supple-
mentation combined with whey/milk protein ingestion 
immediately post-resistance exercise. We hypothesized 
that all participants would experience significant improve-
ments in body composition, muscular performance, and 
functional performance, following the resistance training 
program, and those participants who were supplemented 
with combined creatine and whey/milk protein would expe-
rience enhanced training adaptations.

Methods

Study participants

twenty-two men (68.1 ± 6.1 years) volunteered to take 
part in this pilot investigation and were randomly assigned 
to one of three treatment groups (resistance training plus 
combined creatine and protein supplementation: rtS, 
n = 7; resistance training only: rt, n = 7; or control: c, 
n = 8). Study participants assigned to the control group 
underwent all testing procedures and completed a 3-day 
diet recall immediately prior to and immediately follow-
ing a 12-week control period. During the control period, 
control study participants were asked to continue their 
usual activities of daily living, recreational activities, and 
dietary routines while refraining from beginning any sort 
of structured and consistent resistance training regimen. 
Following the 12-week control period, seven of the eight 
control group participants were randomly assigned to either 
the rt or rtS treatment group and completed the 12-week 
resistance training program with (rtS) or without (rt) 
combined creatine and protein supplementation. Partici-
pant characteristics (age, height, and weight) were recorded 
(table 1).

All subjects were healthy, recreationally active, and none 
of the subjects were considered competitive weight lifters or 
engaged in any specific training/training cycle outside of this 
investigation. none of the subjects was taking any dietary or 
performance-enhancing supplements. All study participants 
were screened for uncontrolled hypertension, completed 
a Physical Activity readiness Questionnaire (PAr-Q) to 

ensure they were qualified to participate in an exercise pro-
gram, and provided medical clearance from their physician 
not more than 3 months prior to study enrollment, indicating 
that they did not have any known acute or chronic disease. 
Exclusion criteria included: acute illness such as infection, 
recent surgery, and trauma; chronic illness such as asthma, 
cardiac disease, kidney disease, liver disease, seizure disor-
ders, anemia, and diabetes; musculoskeletal injury prevent-
ing the ability to perform resistance training and walking 
on a treadmill; and allergies to soy, milk, or whey protein. 
last, each subject had the risks of the investigation explained 
to him and signed an informed consent form prior to par-
ticipation in this study. the University of Southern cali-
fornia Health Sciences campus Institutional review Board 
approved all procedures involved in the study.

Dietary records

At baseline and study week 12, dietary intake was assessed 
via a 3-day dietary record in order to determine if any 
changes in the participants’ diet occurred throughout the 
intervention period. the diet re-calls were analyzed using 
a commercially available program (nutritionist Pro, Axxya 
Systems, Stafford, tX).

creatine supplementation protocol

rtS consumed 0.3 g/kg body weight/day of creatine for the 
first 5 days (i.e., loading phase) as developed by Hultman 
et al. (Hultman et al. 1996). Following the loading phase, 
rtS consumed 0.07 g/kg body weight/day of creatine until 
completion of the study (i.e., maintenance phase). creatine 
supplements were provided in encapsulated powder (tablet) 
form and contained pure creatine monohydrate (MEt-rx 
creatine 4200, MEt-rx nutrition, Inc., Boca raton, Fl); 
to the nearest gram, the dosage was divided into three equal 
portions during the loading phase and one portion during 
the maintenance phase. Participants were encouraged to 
consume the supplements during or after meals, in equal 
intervals throughout the day, during the loading phase, and 
consumed maintenance doses immediately post-resistance 
exercise and with a meal on non-training days. After each 
resistance exercise session, participants were reminded 
about proper compliance to the creatine supplementation 
protocol and given a new set of supplements to be con-
sumed before the next training session.

Protein supplementation protocol

rtS consumed one ready-to-drink (rtD) liquid whey 
protein supplement (Pure Protein, Worldwide Sport 
nutritional Supplements, Inc., Bayport, nY), contain-
ing 35 g of protein and 170 kilocalories, immediately 



894 Eur J Appl Physiol (2014) 114:891–905

1 3

post-resistance exercise for the entire duration of the 
training intervention (36 training sessions total) and in 
the morning on non-training days. therefore, protein sup-
plements were consumed 7 days/week. Following each 
resistance exercise bout, the primary investigator distrib-
uted and watched participants consuming the supplement 
in its entirety, reminded them about proper compliance 
to the protein supplementation protocol on non-training 
days, and distributed the protein supplements to be con-
sumed the next day (non-training day, in addition to their 
normal food intake). It is important to note that the die-
tary re-calls indicated that all study participants consumed 
>1.0 g protein/kg body weight/day, which likely allowed 
for maintenance of whole-body leucine metabolism and 
whole-body composition in this population of older adults 
(campbell et al. 2001).

resistance training program

Proper breathing and exercise technique were demonstrated 
during baseline testing and then again in the first training 

session. Participants were closely and individually super-
vised by an exercise specialist for all testing and training 
sessions, with proper lifting technique as a top priority. 
Participants were encouraged to continue normal activities 
of daily living and eating routines outside of the resistance 
training protocol.

rt and rtS underwent a progressive overload, total-
body periodized resistance training program, which was 
performed with a 3-day/week frequency for 12 weeks (36 
total training sessions). the only difference between rt 
and rtS was the combined creatine and protein supple-
mentation regimen that rtS followed in addition to the 
12-week rt program (performed by both rt and rtS). 
For this investigation, the compliance rate to the resist-
ance training was established at 85 % (31 out of 36 train-
ing sessions completed); the mean compliance rate for all 
participants in this study was 94 % (on average, 34 out 
of 36 training sessions completed). Each training session 
began with a 5–10 min, low-moderate intensity warm-up 
on a treadmill and optional stretching exercises. resistance 
exercise sequence was controlled for during each training 

Table 1  Baseline characteristics

Variable Entire cohort control rt rtS AnOVA p value

n = 22 n = 8 n = 7 n = 7

Mean ± SD
Median (range)

Mean ± SD
Median (range)

Mean ± SD
Median (range)

Mean ± SD
Median (range)

Age, years 68.1 ± 6.1
67.0 (60.0, 80.0)

67.1 ± 5.9
66.0 (60.0, 79.0)

68.7 ± 6.6
67.0 (60.0, 80.0)

68.7 ± 6.8
67.0 (61.0, 80.0)

0.86

Height, cm 176.8 ± 7.6
177.3 (162.6,190.5)

173.2 ± 7.9
173 (162.6,182.9)

181.4 ± 7.9
182.9 (170.2,190.5)

176.5 ± 5.8
176.5 (167.6,185.4)

0.12

Weight, kg 82.7 ± 11.1
80.8 (67.1, 112.6)

80.3 ± 8.7
80.2 (69.2, 95.3)

89.3 ± 13.4
87.1 (74.8, 112.6)

78.8 ± 9.5
76.1 (67.1, 95.1)

0.16

lBM, kg 57.7 ± 6.9
57.1 (47.5, 80.9)

55.4 ± 5.4
57.1 (47.5, 61.1)

62.1 ± 9.2
60.6 (52.1, 80.9)

55.9 ± 3.4
55.3 (52.2, 62.6)

0.12

Fat mass, kg 19.3 ± 4.7
20.1 (11.1, 28.1)

19.1 ± 3.6
18.7 (15.2, 25.6)

20.9 ± 4.2
21.5 (14.3, 27.7)

17.8 ± 6.1
15.1 (11.1, 28.1)

0.47

% Body fat, % 24.8 ± 4.0
26.0 (17.5, 31.0)

25.6 ± 3.4
26.4 (20.1, 30.2)

25.2 ± 3.7
26.2 (20.3, 30.0)

23.6 ± 5.1
21.8 (17.5, 31.0)

0.63

Bench press 1-rM, kg 97.7 ± 42.1
97.5 (45.0, 240.0)

85.6 ± 33.4
87.5 (45.0, 120.0)

107.9 ± 61.6
95.0 (50.0, 240.0)

101.4 ± 27.9
110.0 (70.0, 150.0)

0.59

Bench press strength- 
endurance, kg

1323 ± 528
1200 (650, 2970)

1301 ± 273
1230 (945, 1700)

1277 ± 783
1170 (650, 2970)

1395 ± 517
1300 (900, 2160)

0.92

leg press 1-rM, kg 319.1 ± 127.2
342.5 (55.0, 570.0)

313.1 ± 125.6
340.0 (55.0, 445.0)

317.1 ± 153.9
360.0 (100.0, 570.0)

327.9 ± 119.9
325.0 (140.0, 530.0)

0.98

leg press strength- 
endurance, kg

7214 ± 4246
6118 (665, 17980)

8357 ± 5670
7710 (665, 17980)

5787 ± 3049
5355 (2170, 10000)

7334 ± 3488
8930 (2700, 11040)

0.53

VO2Max, ml/kg/min 35.4 ± 2.5
35.1 (31.1, 41.0)

36.4 ± 2.4
36.3 (32.6, 41.0)

34.3 ± 1.8
34.9 (31.2, 36.5)

35.5 ± 2.9
35.1 (31.1, 39.3)

0.29

Margaria power, Watts 950.2 ± 420.1
821.2 (468.2, 1853.2)

854.9 ± 353.2
766.1 (471.2, 1456.5)

974.9 ± 465.3
966.6 (468.2, 1644.1)

1034.5 ± 484.4
772.7 (668.9, 1853.2)

0.72

400 m time, s 198.0 ± 28.7
190.0 (137.0, 265.0)

195.3 ± 33.9
189.0 (137.0, 249.0)

208.1 ± 31.4
202.0 (175.0, 265.0)

190.9 ± 19.2
190.0 (166.0, 217.0)

0.52
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session. throughout the training program, sets/exercise 
ranged from 2 to 6 for a total of 5–6 exercises in each train-
ing session. the resistance exercises utilized in the rt 
program included: bilateral leg press (45° angle of push; 
plate-loaded), flat bench machine chest press (bench press; 
supine; right and left machine handles move independently 
of each other; plate-loaded), lat pulldown (seated; cable), 
seated row (non-trunk supported; cable), dumbbell step-ups 
(free weights; 12–18 inch step height), dumbbell romanian 
deadlifts (free weights), bilateral knee extension/flexion 
(seated; machine). low-intensity, body weight plyometrics 
and agility drills preceded all resistance exercise sessions 
and focused on dynamic balance, change of direction, coor-
dination, and proper (jump) landing technique; these drills 
took approximately 5–10 min, serving as an auxiliary com-
ponent of the warm-up.

Across the 3 days of resistance training throughout 
a week of training (1 microcycle), each training session 
emphasized a specific performance quality. Specifically, 
Day 1 emphasized hypertrophy with repetitions progress-
ing from 12 to 8 across the rt program. Day 2 emphasized 
strength development with repetitions progressing from 6 
to 3 across the rt program. Day 3 emphasized power pro-
duction with repetitions progressing from 6 to 4 across the 
rt program and performed as “explosively” as possible, 
while maintaining full range of motion and proper lifting 
technique; the power loads corresponded to ~70 % of a 
participant’s max load tolerated for the prescribed power 
repetition maximum (rM) assignment (e.g., 70 % of the 
load prescribed on Day 2, for the same rM assignment), 
so participants were encouraged to emphasize their “intent 
to move loads with as much velocity as possible.” the rest 
interval length in between sets was 60 s, for all exercises, 
throughout the entire rt program. Between exercises, from 
the end of the last working set of one exercise to the first 
warm-up set of the next exercise, the rest interval length 
was kept between 60 s and 2 min. training logs were main-
tained in detail for each study participant by the primary 
investigator, which detailed expected/actual training loads, 
sets, and repetitions for each exercise for every training ses-
sion, in addition to participants’ subjective feedback during 
each training session (e.g., fatigued, relative ease handling 
loads, relative difficulty handling loads, etc.).

throughout the entire resistance training program, all 
sets were performed maximally for the assigned number 
of repetitions and with proper lifting technique. Further-
more, it is important to note that study participants were 
never expected to perform sets to absolute failure; given an 
appropriate loading progression with alterations in set/repe-
tition schemes throughout and across microcycles, the rep-
etition maximum assignments allowed for successful com-
pletion of the assigned number of repetitions at the load(s) 
prescribed across multiple sets and with minimal need 

for assistance/“spotting.” therefore, training loads used 
throughout the program were individually progressed in a 
safe and effective manner in order to employ a progressive 
overload/challenge to the neuromuscular system and elicit 
the greatest training-induced neuromuscular adaptations 
possible without inducing excessive neuromuscular fatigue 
effects (e.g., as a result of inappropriate overloading and/or 
training to failure every set/exercise in each training bout).

testing

All testing procedures were conducted in the order 
described below prior to 12 weeks of resistance training 
(Baseline), after completion of 18 training sessions (week 
6) and after completion of 36 training sessions (week 12), 
in the clinical Exercise research center on the University 
of Southern california Health Sciences campus. All test-
ing procedures were performed in a single testing session, 
and the day/time of day for testing was consistent for each 
study participant throughout the study.

Body composition

Estimates for lean body mass (lBM), fat mass, and body 
fat percentage were measured by whole-body dual-energy 
X-ray absorptiometry (DXA; gE lunar iDXA, Waukesha, 
WI). Before scanning, all participants were required to take 
off all removable objects containing metal (i.e., jewelry and 
clothing with metal). Scans were performed with the study 
participants lying in a supine position and properly aligned 
with the DXA scanning table’s centerline longitudinal axis. 
Participants’ hands remained in a pronated or neutral posi-
tion within the scanning region, and the participants were 
asked to remain completely immobile until the completion 
of the scan as signaled by the technician. the DXA scans 
were performed in the clinical Exercise research center; 
from scans performed in our laboratory, the coefficients of 
variation for fat mass and lBM measurements associated 
with DXA are <1.7 %, and the reliability of the DXA scans 
are 0.99.

Aerobic capacity (VO2Max) test

Part I (Preliminary warm-up/determination of walking 
speed): Participants were fitted with a heart rate monitor 
consisting of an elastic band strapped around the chest, 
the resting heart rate was measured, and participants 
were familiarized with how to walk on a treadmill at a 
moderate speed and 0 % grade for 2–3 min without the 
use of railings; this allowed for a warm-up and acclimati-
zation to the treadmill walking movement. Part II (4-min, 
single-stage sub-maximal walking test): Participants 
walked on the treadmill at a brisk pace between 2.5 and 
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4.0 mph, at a 5 % grade, for 4 min without the use of rail-
ings. A post-test heart rate was recorded immediately at 
the end of the 4-min walk, and a VO2Max value was esti-
mated. this single-stage submaximal treadmill walking 
test was validated by correlating the estimated VO2Max 
and the measured VO2Max in the cross-validation group. A 
correlation (r) of 0.96 was obtained with a multiple cor-
relation (R) of 0.86 (SEE = 4.85 ml kg−1 min−1) (Ebbe-
ling et al. 1991).

Functional testing

Margaria power test: to measure stair-climbing power we 
utilized the Margaria Power test (Margaria et al. 1966) 
which is not threshold limited. Participants ascended a 
12-step staircase (each 17.5 cm) as rapidly as possible, with 
an approach length of 1–3 steps, without the use of rail-
ings, and with times recorded by an electronic stopwatch 
to the nearest 0.01 s upon subject foot contact with the 
fourth and eigth steps (beginning and end of test, respec-
tively). the same evaluator recorded the times during all 
testing sessions for every participant; three trial times were 
recorded with the best time taken as the final measurement. 
Dynamic Power was determined by calculating the product 
of the participant’s weight in kilograms, the vertical dis-
tance ascended, and acceleration of gravity divided by the 
time elapsed. test–retest reliability is 0.85, with cV’s of 
2 % over 4-weeks of testing. 400-m Walk: traditional tests 
of habitual gait are sometimes not sufficiently sensitive to 
detect low levels of dysfunction. therefore, we utilized an 
outdoor 400-m timed walk to the nearest 0.01 s with the 
participants walking as fast as possible. the reliability 
coefficient was 0.81.

Dynamic strength testing

Maximum voluntary muscle strength was assessed for 
the leg press and flat bench machine chest press exercises 
using the 1-rM method; dynamic strength testing always 
proceeded in this order, and the two lifts were separated by 
3–5 min of passive rest. Prior to assessing maximal volun-
tary muscle strength, all study participants were familiar-
ized with the resistance exercise movements used in 1-rM 
testing [i.e., leg press and flat bench machine chest press 
(bench press)]. the 1-rM protocol consisted of three sub-
maximal warm-up sets of 6, 4, and 3 repetitions, respec-
tively, each followed by an approximate 1-min rest period 
before the first 1-rM attempt. loads were progressively 
increased with each 1-rM attempt (~5–20 pounds each 
attempt), and participants consistently needed approxi-
mately a 1- to 2-min rest period between each subse-
quent 1-rM attempt. A true 1-rM was determined in 2–6 
attempts for every participant.

Strength‑endurance testing

Strength-endurance was assessed ~5 min following 
dynamic strength testing, for the leg press and flat bench 
machine chest press exercises; strength-endurance test-
ing always proceeded in this order, and the two lifts were 
separated by 3–5 min. Strength-endurance was determined 
by the maximum number of repetitions that could be per-
formed with full range of motion and proper lifting tech-
nique across three repeated sets with each set separated by 
a 1-min rest period. At baseline, week 6, and 12, strength-
endurance testing loads corresponded to 70 % 1-rM at 
baseline, week 6, and 12, respectively, and no warm-up was 
needed prior to strength-endurance testing. to calculate the 
outcome measure (volume-load) for this test, we calculated 
the product of the total number of complete repetitions per-
formed across the three working sets and the testing load 
utilized (in kg).

Statistical analyses

Baseline characteristics including demographics, body 
composition components (lBM and fat mass), 1-rM 
strength, strength-endurance, and functional measures were 
compared using one-way AnOVA among the three treat-
ment groups (control, rt, and rtS) to detect any grouping 
effects. repeated measure analysis of three visits by three 
treatment groups was conducted to assess the effects on 
body composition components, 1-rM strength, strength-
endurance, and functional measures. treatment-by-visit 
interactions were examined to determine whether three 
treatments had different outcome responses after 6 weeks 
(18 sessions) and 12 weeks (36 sessions) of training. this 
is a study with small sample size, so we used p < 0.1 as 
the threshold for significant interactions. Overall and pair-
wise comparisons between treatment groups for Baseline 
vs. week 6, Baseline vs. week 12, and week 6 vs. week 12 
had also been conducted for outcomes with significant tx-
by-Visit interactions. Percentage changes from Baseline 
to week 12 of the ten outcome measures were calculated 
and compared using one-way AnOVA for global treatment 
effects. Pairwise comparisons between any pair of the three 
treatment groups were assessed in the AnOVA analysis 
using tukey’s method to adjust for multiple comparisons.

Seven of the eight control group participants were later 
randomly assigned to either the rtS or rt treatment group 
and completed the 12-week resistance training program 
with (rtS) or without (rt) combined creatine and protein 
supplementation. this enabled us to compare the treat-
ment effects of rt versus rtS with a larger sample size. 
repeated measure analysis of two treatment by three vis-
its had been applied to determine the effects on outcome 
measures. comparisons between rt and rtS had then 
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been conducted for the changes from Baseline to week 6, 
Baseline to week 12, and week 6 to week 12. Percentage 
changes from Baseline to week 12 was calculated and com-
pared between rt and rtS group by standard t test.

Results

repeated measure analyses and analyses on percentage 
changes from Baseline to week 12 had produced similar 
results. Furthermore, the primary purpose is to assess the 
effects of 12 weeks of training. therefore, in this section, 
we only report the results from the percentage changes 
analyses. In the following parts, any statement of com-
parison versus a control group is based on three treatment 
groups (c, n = 8; rt, n = 7; rtS, n = 7), and any state-
ment of comparison between rtS versus rt is based on 
two treatment groups (rtS, n = 11; rt, n = 10). Also, 
relative (percentage) change (increase and/or decrease) in 
any given outcome measure refers to the percentage change 
between two different study time points in that outcome 
measure. last, out of 25 total participants who signed an 
informed consent form volunteering to take part in this 
investigation, only three study participants dropped out 
within 4 weeks of beginning the training program due to 
personal, health, and/or work-related reasons unassociated 
with the investigation and were not included in final statis-
tical analyses.

Subject characteristics and body composition

the three treatment groups were comparable in baseline 
age, height, weight, lBM, fat mass, and percentage body 
fat (p > 0.05; table 1). there was a marginally signifi-
cant increase in lBM for rtS, compared with c, follow-
ing 12 weeks of resistance training (p = 0.08; table 2). 
Fat mass and percentage body fat did not change for rt 

and rtS, compared to c, following 12 weeks of resistance 
training (p > 0.05; table 2).

rt experienced significant increases in absolute 
lBM at week 6 (60.2 ± 8.3 to 61.6 ± 9.4 kg; p < 0.05; 
Fig. 1a), significant decreases in absolute fat mass at 
week 12 (20.8 ± 4.2 to 19.0 ± 3.9 kg; p = 0.05), and 
significant decreases in percentage body fat at week 12 
(25.7 ± 3.8 to 23.8 ± 4.0 % body fat; p = 0.05; Fig. 1b) 
compared to baseline. Furthermore, rtS experienced sig-
nificant increases in absolute lBM at week 6 (56.4 ± 4.3 to 
57.9 ± 3.4 kg; p < 0.01; Fig. 1a) and week 12 (56.4 ± 4.3 
to 58.2 ± 3.4 kg; p < 0.01; Fig. 1a), no significant changes 
in absolute fat mass and significant decreases in percentage 
body fat at week 12 (23.9 ± 4.4 to 22.0 ± 4.4 % body fat; 
p < 0.01; Fig. 1b) compared to baseline.

Upper and lower body 1-repetition maximum strength

the three treatment groups were comparable in base-
line bench press 1-rM and leg press 1-rM (p > 0.05; 
table 1). there were greater increases in bench press 
1-rM for rtS (p < 0.01; table 2) and rt (p = 0.01; 
table 2) compared with c, following 12 weeks of resist-
ance training. Also, there were greater increases in 
leg press 1-rM for rtS (p < 0.001; table 2) and rt 
(p < 0.01; table 2), compared with c, following 12 weeks 
of resistance training.

rt experienced significant increases in absolute bench 
press 1-rM at week 6 (47.3 ± 24.1 to 61.8 ± 30 kg; 
p < 0.001; Fig. 2b) and week 12 (47.3 ± 24.1 to 
71.8 ± 30.5 kg; p < 0.0001; Fig. 2b) compared to base-
line. In addition, rt experienced significant increases 
in absolute bench press 1-rM at week 12 (61.8 ± 30 to 
71.8 ± 30.5 kg; p = 0.005; Fig. 2b) compared to week 6. 
rtS experienced significant increases in absolute bench 
press 1-rM at week 6 (44.1 ± 13.6 to 60.9 ± 13.2 kg; 
p < 0.0001; Fig. 2b) and week 12 (44.1 ± 13.6 to 

Table 2  repeated measure 
analysis by three treatment 
groups

Data represents p values; 
significantly different between 
groups (p < 0.1)

Main effects and 
interaction

treatment (tx) comparison for
week 12 vs. Baseline

tx tx-by-visit Overall tx effects rt vs. c rtS vs. c rtS vs. rt

Bench press 1-rM 0.65 <0.0001 <0.0001 <0.0001 <0.0001 0.21

Bench press strength-endurance 0.45 0.003 0.01 0.01 0.005 0.66

Fat mass 0.46 0.47 0.51 0.25 0.48 0.64

lean body mass 0.17 0.05 0.21 0.25 0.08 0.51

leg press 1-rM 0.39 <0.0001 0.0008 0.003 0.0003 0.43

leg press strength-endurance 0.58 <0.0001 <0.0001 <0.0001 <0.0001 0.88

Margaria power 0.90 0.06 0.15 0.73 0.14 0.07

Percentage body fat 0.58 0.16 0.27 0.21 0.14 0.76

400 m time 0.49 0.12 0.08 0.03 0.29 0.19

VO2Max 0.25 0.14 0.17 0.44 0.06 0.25
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72.7 ± 15 kg; p < 0.0001; Fig. 2b) compared to baseline. 
rtS also experienced significant increases in absolute 
bench press 1-rM at week 12 (60.9 ± 13.2 to 72.7 ± 15 kg; 
p = 0.01; Fig. 2b) compared to week 6.

rt experienced significant increases in absolute leg 
press 1-rM at week 6 (148.2 ± 59.1 to 204.1 ± 62.3 kg; 
p = 0.0001; Fig. 2a) and week 12 (148.2 ± 59.1 to 
327.7 ± 87.3 kg; p < 0.0001; Fig. 2a) compared to base-
line. In addition, rt experienced significant increases 
in absolute leg press 1-rM at week 12 (204.1 ± 62.3 to 
327.7 ± 87.3 kg; p < 0.0001; Fig. 2a) compared to week 
6. rtS experienced significant increases in absolute leg 
press 1-rM at week 6 (153.2 ± 48.6 to 260.5 ± 86.4 kg; 
p = 0.0001; Fig. 2a) and week 12 (153.2 ± 48.6 to 
363.2 ± 131.4 kg; p < 0.0001; Fig. 2a) compared to base-
line. rtS experienced significant increases in absolute leg 
press 1-rM at week 12 (260.5 ± 86.4 to 363.2 ± 131.4 kg; 
p < 0.001; Fig. 2a) compared to week 6.

Upper and lower body strength-endurance

the three treatment groups (c, n = 8; rt, n = 7; rtS, 
n = 7) were comparable in baseline bench press strength-
endurance and leg press strength-endurance (p > 0.05; 
table 1). there were greater increases in bench press 
strength-endurance for rt (p = 0.01; table 2) and rtS 
(p = 0.005; table 2), compared with c, following 12 weeks 
of resistance training. Also, there were greater increases in 
leg press strength-endurance for rt (p < 0.0001; table 2) 
and rtS (p < 0.0001; table 2), compared with c, following 
12 weeks of resistance training.

rt experienced significant increases in absolute 
bench press strength-endurance at week 6 (589 ± 297 
to 1,151 ± 416 kg; p = 0.0001; Fig. 3b) and week 12 
(589 ± 297 to 1212 ± 524 kg; p < 0.0001; Fig. 3b) com-
pared to baseline. rtS experienced significant increases 
in absolute bench press strength-endurance at week 6 

Fig. 1  a Absolute values (mean ± SD) showing change from pre- 
to post-resistance training (Baseline to week 6 to week 12) for the 
resistance training only group (rt) and resistance training com-
bined with creatine/protein supplementation group (rtS) for lean 
body mass. *Statistically significant difference (p ≤ 0.05) from cor-
responding value at baseline. b Absolute values (mean ± SD) show-
ing change from pre- to post-resistance training (Baseline to week 6 
to week 12) for the resistance training only group (rt) and resist-

ance training combined with creatine/protein supplementation group 
(rtS) for percentage body fat. *Statistically significant difference 
(p ≤ 0.05) from corresponding value at baseline. c Spaghetti plot of 
absolute values showing change from pre- to post-resistance training 
(Baseline to week 6 to week 12) for the resistance training only group 
(rt) and resistance training combined with creatine/protein supple-
mentation group (rtS) for lean body mass
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Fig. 2  a Absolute values (mean ± SD) showing change from pre- 
to post-resistance training. (Baseline to week 6 to week 12) for the 
resistance training only group (rt) and resistance training combined 
with creatine/protein supplementation group (rtS) for 1-repetition 
maximum (1-rM) leg press strength. *Statistically significant differ-
ence (p ≤ 0.05) from corresponding value at baseline; †statistically 
significant difference (p ≤ 0.05) from corresponding value at week 
6. b Absolute values (mean ± SD) showing change from pre- to post-
resistance training (Baseline to week 6 to week 12) for the resistance 
training only group (rt) and resistance training combined with cre-
atine/protein supplementation group (rtS) for 1-repetition maximum 
(1-rM) bench press strength. *Statistically significant difference 

(p ≤ 0.05) from corresponding value at baseline; †statistically sig-
nificant difference (p ≤ 0.05) from corresponding value at week 6. c 
Spaghetti plot of absolute values showing change from pre- to post-
resistance training (Baseline to week 6 to week 12) for the resistance 
training only group (rt) and resistance training combined with cre-
atine/protein supplementation group (rtS) for 1-repetition maximum 
(1-rM) leg press strength. d Spaghetti plot of absolute values show-
ing change from pre- to post-resistance training (Baseline to week 6 
to week 12) for the resistance training only group (rt) and resistance 
training combined with creatine/protein supplementation group (rtS) 
for 1-repetition maximum (1-rM) bench press strength

Fig. 3  a Absolute values (mean ± SD) showing change from pre- 
to post-resistance training (Baseline to week 6 to week 12) for the 
resistance training only group (rt) and resistance training combined 
with creatine/protein supplementation group (rtS) for leg press 
strength-endurance. *Statistically significant difference (p ≤ 0.05) 
from corresponding value at baseline; †statistically significant differ-
ence (p ≤ 0.05) from corresponding value at Week 6. b Absolute val-

ues (mean ± SD) showing change from pre- to post-resistance train-
ing (Baseline to week 6 to week 12) for the resistance training only 
group (rt) and resistance training combined with creatine/protein 
supplementation group (rtS) for bench press strength-endurance. 
*Statistically significant difference (p ≤ 0.05) from corresponding 
value at baseline
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(625 ± 199 to 1,180 ± 302 kg; p < 0.0001; Fig. 3b) and 
week 12 (625 ± 199 to 1,451 ± 450 kg; p < 0.0001; 
Fig. 3b) compared to baseline. In addition, rtS experi-
enced marginally significant increases in absolute bench 
press strength-endurance at week 12 (1,180 ± 302 to 
1,451 ± 450 kg; p = 0.06; Fig. 3b) compared to week 6.

rt experienced significant increases in absolute leg 
press strength-endurance at week 6 (2,970 ± 1,632 
to 7,175 ± 2,659 kg; p < 0.0,001; Fig. 3a) and week 
12 (2,970 ± 1,632 to 9,283 ± 2,084 kg; p < 0.0,001; 
Fig. 3a) compared to baseline. rtS experienced signifi-
cant increases in absolute leg press strength-endurance at 
week 6 (3,831 ± 2,027 to 8,850 ± 3,286 kg; p = 0.0001; 
Fig. 3a) and week 12 (3,831 ± 2,027 to 11,999 ± 4,226 kg; 
p < 0.0001; Fig. 3a) compared to baseline. In addition, 
rtS experienced significant increases in absolute leg 
press strength-endurance at week 12 (8,850 ± 3,286 to 
11,999 ± 4,226 kg; p < 0.05; Fig. 3a) compared to week 6.

Functional measures

the three treatment groups (c, n = 8; rt, n = 7; rtS, 
n = 7) were comparable in baseline Margaria stair-climb 
power, 400-m walk time, and estimated VO2Max (p > 0.05; 
table 1). there were marginally significant increases 
in Margaria stair-climb power for rtS compared with 
c (p = 0.14; table 2) and compared with rt (p = 0.07; 
table 2), following 12 weeks of resistance training. In addi-
tion, there were marginally significant decreases in 400-m 
walk time for rt (p < 0.05; table 2), compared with c, 
following 12 weeks of resistance training. last, there were 
marginally significant changes in VO2Max for rtS, com-
pared with c, following 12 weeks of resistance training 
(p = 0.06; table 2).

rt experienced no significant changes in Margaria stair-
climb power, following 12 weeks of resistance training 

(p > 0.05; table 2) compared to c. However, rtS experi-
enced marginally significant increases in Margaria stair-
climb power at week 12 (p = 0.14; table 2) compared to 
c. Further, analyses between the two treatment groups (rt, 
n = 10; rtS, n = 11) revealed that increases in stair-climb 
power experienced by rtS at week 12 were also marginally 
significantly greater than rt at week 12 (p = 0.06; table 3).

rt experienced significant decreases in absolute 400-m 
walk time at week 6 (207 ± 29 to 190 ± 29 s; p < 0.05) 
and week 12 (207 ± 29 to 183 ± 32 s; p < 0.005) com-
pared to baseline. Furthermore, rtS experienced sig-
nificant decreases in absolute 400-m walk time at week 6 
(185 ± 22 to 169 ± 30 s; p < 0.01) and Week 12 (185 ± 22 
to 169 ± 31 s; p < 0.01) compared to baseline.

rt experienced significant increases in absolute esti-
mated VO2Max at week 6 (34.6 ± 1.9 to 36.9 ± 2.7 ml/kg/
min; p < 0.01) and week 12 (34.6 ± 1.9 to 36.4 ± 2.7 ml/
kg/min; p = 0.01) compared to baseline. Furthermore, rtS 
experienced significant increases in absolute estimated 
VO2Max at week 12 (36.3 ± 2.7 to 37.5 ± 3.3 ml/kg/min; 
p = 0.05) compared to baseline.

Dietary records

At baseline and study week 12, dietary intake was assessed 
via a 3-day dietary record in order to determine if any 
changes in the participants’ diet occurred throughout the 
intervention period. Dietary patterns were not significantly 
different among the three treatment groups.

Side effects

Subjects tolerated the creatine combined with protein sup-
plementation protocol very well with no reports of gastro-
intestinal distress, muscular cramping, or any other subjec-
tive symptoms during the study.

Table 3  repeated measure analysis by two treatment groups

Data represents p values; significantly different between groups (p < 0.1)

Main effects and interaction rt vs. rtS by pairwise visit comparison

rt vs. rtS rt vs. rtS by visit Week 6 vs. Baseline Week 12 vs. Baseline Week 12 vs. week 6

Bench press 1-rM 0.92 0.40 0.20 0.33 0.97

Bench press strength-endurance 0.48 0.34 0.95 0.29 0.16

Fat mass 0.33 0.81 0.69 0.62 0.80

lean body mass 0.26 0.26 0.65 0.19 0.12

leg press 1-rM 0.32 0.66 0.28 0.28 0.48

leg press strength-endurance 0.14 0.72 0.72 0.34 0.24

Margaria power 0.33 0.18 0.58 0.06 0.19

Percentage body fat 0.38 0.87 0.98 0.71 0.60

400 m time 0.15 0.65 0.98 0.45 0.44

VO2Max 0.21 0.70 0.06 0.26 0.11
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Discussion

the current investigation demonstrated that 12 weeks of 
resistance training, utilizing a non-linear periodization 
scheme, with and without combined creatine and protein 
supplementation, enhanced upper and lower body muscular 
strength and strength-endurance in older men. Furthermore, 
resistance training in combination with creatine and pro-
tein supplementation enhanced improvements in dynamic 
stair-climbing power greater than resistance training alone. 
Finally, this study suggests that combining resistance train-
ing with creatine and protein supplementation results in 
notable changes in muscular performance and body com-
position, potentially as a result of augmented increases in 
lBM, which were not experienced through resistance train-
ing alone.

research investigating the effects of resistance training 
without supplementation on alterations in lBM in older 
men has produced conflicting results with some stud-
ies reporting significant increases in lBM (Kraemer et al. 
1999; Hakkinen et al. 2000; Weinheimer et al. 2012) and 
others reporting no increases (campbell et al. 1994; Ber-
mon et al. 1998). Similarly, studies examining the effect 
of resistance training combined with creatine and/or pro-
tein supplementation on lBM in older men have produced 
inconsistent results (Brose et al. 2003; Verdijk et al. 2009; 
Weinheimer et al. 2012). Overall, these equivocal findings 
may be explained by major differences in supplementa-
tion regimens including acute dosage amounts, frequency 
of dosing, and total duration of supplementation, as well as 
resistance training programing including exercise selection, 
training volume and intensity, frequency of training, and 
the duration of the training intervention. likewise, results 
may be influenced by the type of instrumentation used 
across different studies and, thus, the precision of meas-
urement to determine changes in lBM (e.g., DXA versus 
skinfolds).

By week 6 in the current investigation both rt and rtS 
increased lBM (statistically non-significant), and only 
rtS experienced additional increases in lBM from week 6 
to week 12 that was marginally significantly different from 
baseline (compared to week 12). In addition, by week 12, 
only rtS experienced marginally significant decreases in 
percentage body fat compared to baseline. therefore, the 
body re-composition experienced by rtS appears to be a 
result of increases in lBM with minimal reductions in fat 
mass.

the relative increases in strength reported in the current 
study are greater compared to previous studies examining 
the effects of resistance training with and without a cre-
atine/protein supplementation in older men. Most studies 
have reported relative increases in strength ranging from 
15 to 60 %, with these increases being exercise-specific 

(Bermon et al. 1998; Kraemer et al. 1999; Hakkinen et al. 
2000; Brose et al. 2003). Furthermore, previous studies 
have reported ambiguous findings regarding the influence 
of resistance training with and without creatine supplemen-
tation on strength in older men; while some studies indicate 
that combined resistance training and supplementation lead 
to enhanced strength adaptations (Bermon et al. 1998; chr-
usch et al. 2001; gotshalk et al. 2002; Brose et al. 2003; 
candow et al. 2008) compared to resistance training alone, 
other studies have concluded that creatine supplementa-
tion does not elicit additional improvements in strength 
when combined with a resistance training program (Eijnde 
et al. 2003; Bemben et al. 2010). Similar to the evidence 
pertaining to the effects of resistance training with and 
without supplementation on changes in lBM, these equivo-
cal results may be explained by major differences in sup-
plementation regimens and resistance training programing 
across studies.

the significant increases in muscular strength for rt 
and rtS in response to our resistance training program 
was expected; the strength improvements indicate that 
training loads used throughout the resistance training pro-
gram were individually progressed in a safe and effective 
manner and employed a progressive overload/challenge 
to the participants’ neuromuscular systems to elicit mus-
cular performance-enhancing neuromuscular adapta-
tions without inducing excessive neuromuscular fatigue. 
Importantly, both rt and rtS continued to enhance both 
upper and lower body strength, with no apparent plateau 
in strength gains, through the entire 12 weeks of resist-
ance training; there were significant increases in bench 
press strength ranging from a group mean average of 50 % 
(rt) to 72 % (rtS) and in leg press strength ranging from 
a group mean average of 113 % (rt) to 130 % (rtS). 
therefore, rtS displayed, on average, an approximately 
22 and 17 % greater increase in bench press strength and 
leg press strength, respectively, following 12 weeks of 
resistance training, but these relative change differences 
between rt and rtS were not statistically different. last, 
the strength improvements in the current investigation were 
the result of an aggressively progressed, high volume, and 
intensity resistance training program; yet, there were no 
injuries reported. Our findings support periodized resist-
ance training programs incorporating relatively high train-
ing volumes and intensities, while incorporating relatively 
short rest interval lengths in between sets can be safe and 
extremely effective for healthy older men, while promoting 
muscular strength performance improvements that are criti-
cally important to minimize fall risk and enhance overall 
health in older adults.

currently, the most popular mechanism to explain the 
efficacy of creatine supplementation in both young and 
older adults is the enhancement of the Pcr energy system 
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allowing users to maintain a given (or greater) resistance 
training intensity for longer durations of time (i.e., increased 
total training volume-load and enhanced recovery in 
between training sets). nevertheless, research till day also 
appears to be equivocal regarding the effects of creatine sup-
plementation with and without protein supplementation on 
muscular endurance/time to fatigue in older adults (Dalbo 
et al. 2009). While creatine supplementation combined 
with resistance training has been found to enhance muscu-
lar endurance (chrusch et al. 2001) and work capacity, and 
alone, reduces muscle fatigue (rawson et al. 1999); other 
studies have found creatine supplementation combined with 
resistance training to have no significant effect on meas-
ures of dynamic endurance (Bermon et al. 1998) and time 
to fatigue (supplementation alone) (Jakobi et al. 2001). As 
previously mentioned, the inconsistency in findings may be 
explained by varying supplementation regimens, resistance 
training programs, and intervention durations.

We examined strength-endurance performance, which 
was measured by total volume-load (sets x repetitions x 
load) across three repeated sets of leg press and bench press 
to volitional fatigue at 70 % 1-rM; the strength-endurance 
testing loads were relative to the new 1-rM measures at 
each of the three testing time points (Baseline, week 6, and 
week 12) and, thus, were not absolute loads. Both rt and 
rtS experienced significant increases in strength-endur-
ance; however, only rtS experienced additional gains in 
leg press strength-endurance that were significantly differ-
ent between the week 6 and week 12 time points. Moreo-
ver, rt appeared to plateau in bench press strength-endur-
ance between the week 6 and week 12 time points, while 
rtS continued to enhance bench press strength-endurance 
performance between those time points. these differ-
ences may be the result of several factors: (1) supplemen-
tation may be optimal to achieve maximal improvements 
in strength-endurance from resistance training, but an 
extended training period is necessary to adequately elevate 
muscle Pcr concentrations through creatine loading and 
maintenance dosing phases; (2) an extended training period 
is necessary to allow for a sufficient time period for train-
ing-induced adaptations to occur as a result of, what may 
be, subtle increases in work capacity over multiple train-
ing bouts (i.e., enhanced tolerance of greater training vol-
ume-loads across training days and cycles); and (3) subtle 
differences between groups would not have been detected 
because a greater sample size would have been required. 
Our results most closely corroborate reports from a study 
conducted by chrusch et al. (2001) that reported lower 
body muscle strength (1-rM leg press) and endurance (leg 
press) were significantly enhanced with creatine supple-
mentation, while having no significant effect on maximal 
upper body strength (1-rM bench press) and endurance 
(bench press).

the measurements of functional performance used in 
the current study showed varied improvements between rt 
and rtS following the resistance training program. group 
mean averages for Margaria stair-climbing power increased 
11.5 and 38 % for rt and rtS, respectively. Furthermore, 
group mean averages of −11 and −10 % reductions for rt 
and rtS, respectively, in 400-m walking time are consist-
ent with findings reported by other investigators (Buchner 
et al. 1996; Marsh et al. 2006). Our results confirm find-
ings by Marsh et al. (Marsh et al. 2006) from a cross-sec-
tional analysis of 384 women and 336 men, ≥65 years of 
age. they concluded that lower extremity muscle strength 
and power are both important predictors of 400-m walking 
time. collectively, the functional performance results from 
the current study suggest that a periodized resistance train-
ing program with sufficient training volume and intensity, 
with and/or without combined creatine and protein sup-
plementation, can increase lBM and improve muscular 
strength, which may lead to performance enhancements 
in functional tasks that have relevance to activities of daily 
living.

A limited number of studies have investigated the pos-
sible benefits of supplementation with creatine and protein 
on body composition in older adults and reported equivocal 
findings (Bermon et al. 1998; rawson et al. 1999; chrusch 
et al. 2001; Brose et al. 2003). Our findings indicate that 
rtS experienced marginally significant increases in lBM 
and marginally significant decreases in body fat percent-
age, when compared to c, these body composition out-
comes were not statistically significant between the two 
groups. It is possible that significant differences were not 
observed between groups because: (1) resistance training 
combined with supplementation may be optimal to achieve 
maximal improvements in lBM and body composition, 
but not entirely necessary, if periodized resistance training 
alone, which incorporates a safe and progressive overload 
through varying combinations of higher volume/moder-
ate intensity, lower volume/higher intensity, explosive/
power training stimuli, and short rest interval lengths can 
induce marked improvements in body composition, mus-
cular performance, and functional capacity; and (2) subtle 
differences between groups would not have been detected 
because a greater sample size or longer training period 
would have been required.

current data regarding timing of protein ingestion with 
resistance exercise, in both young and older men, gives 
equivocal insight into the most appropriate time for older 
adults to consume protein in the context of resistance exer-
cise to optimize muscle anabolism (Breen and Phillips 
2012). A single bout of resistance-type exercise accelerates 
muscle protein synthesis within 2–4 h (Phillips et al. 1997). 
Muscle protein breakdown is also stimulated following a 
single bout of resistance-type exercise, although, to a lesser 



903Eur J Appl Physiol (2014) 114:891–905 

1 3

extent than protein synthesis (Biolo et al. 1995; Phillips 
et al. 1997). However, in the absence of nutrient intake (i.e., 
protein), an acute bout of resistance training can result in a 
negative net muscle protein balance (Phillips et al. 1997). 
consequently, it appears both resistance-type exercise and 
nutrition are required to achieve a positive net protein bal-
ance leading to hypertrophy. Accordingly, some evidence 
suggests that post-resistance exercise protein ingestion 
represents an effective strategy to augment the anabolic 
response to training (Koopman et al. 2007; Koopman and 
van loon 2009), and the timing of protein intake is criti-
cal to optimize the anabolic response to training (i.e., post-
resistance exercise intake) (Esmarck et al. 2001; Koopman 
et al. 2007; Koopman and van loon 2009). In contrast, 
Verdijk et al. Verdijk et al. (2009) suggest that, provided 
adequate dietary protein is consumed, protein supplements 
taken in close proximity to resistance exercise do not aug-
ment hypertrophy in older adults. collectively, research 
in older adult populations examining the optimal timing 
of protein intake to maximize resistance exercise-induced 
muscle protein anabolism is scarce (Esmarck et al. 2001; 
Onambele-Pearson et al. 2010; Dideriksen et al. 2011), and 
it appears that protein ingestion at doses of at least 20 g at 
intervals over a 24-h-period post-resistance exercise may 
be able to elicit a potent anabolic response in older adults 
and promote muscle protein accretion for hypertrophy 
(Breen and Phillips 2012).

In the current study, rtS ingested a whey/milk rtD 
protein supplement immediately after the cessation of each 
resistance exercise bout; this may be one explanation for 
the marginally significant enhancements in lBM, com-
pared to c, which rtS, not rt, experienced. Even though 
these changes in lBM were not significantly different 
between rtS and rt, this observation indicates that more 
research is warranted to assess the impact of the timing of 
nutrient intake on the skeletal muscle adaptive responses to 
resistance training in older adults, as well as the possible 
mechanisms leading to enhanced acute and chronic skeletal 
muscle adaptive responses.

Previous literature suggests that there are large variances 
in the response to certain interventions including exer-
cise-, nutrition-, and supplementation-related. the litera-
ture supports the notion of responders and non-responders 
to a particular treatment, indicating that there are inter-
individual differences in response to certain stimuli such 
as chronic training programs (Bouchard and Malina 1986; 
Bouchard et al. 1992). Further, strong evidence suggests 
that there may be inter-individual differences in response 
to nutritional ergogenic aids such as creatine monohydrate; 
humans may have similar anatomical and physiological 
characteristics, but biological variability, perhaps due to 
genetic differences, may also account for the efficacy of 
nutritional interventions (Williams 1998; Syrotuik and Bell 

2004; Bemben and lamont 2005). Due to the likelihood 
that there may be some underlying biological factors that 
influence individuals who are responders and those who do 
not respond to acute oral creatine monohydrate ingestion, 
which assists in partially explaining the dichotomy of pub-
lished performance results including our results in the pre-
sent study, Syrotuik and Bell (2004) conducted a study to 
describe the physiological profile of responders versus non-
responders to a 5-day creatine monohydrate load (0.3 g/kg 
BW/day). results from this study indicated that individu-
als’ response to a creatine monohydrate loading period (i.e., 
extent of acute cr uptake by the muscle cell) was variable 
and supports a person-by-treatment response with three 
responder types identified: 1. true responders; 2. Quasi-
responders; and 3. non-responders.

Although it is difficult to identify a specific and singu-
lar biological or determining factor that will predict those 
who will load (responder), versus those who will not 
load (non-responder) in response to an acute oral creatine 
monohydrate supplementation schedule, there appears to 
be a few related factors including: initial levels of cellular 
cr + Pcr with the responders generally displaying the low-
est initial pre-load concentrations; muscle fiber type with 
responders exhibiting a greater percentage of type II mus-
cle fibers; and, muscle fiber cross-sectional area (cSA) and 
fat-free mass content with responders showing the great-
est pre-load muscle fiber cSA and fat-free mass (Syrotuik 
and Bell 2004). therefore, in general, non-responders may 
have higher initial levels of cellular cr + Pcr, less type II 
muscle fibers, smaller muscle fiber cSA, and lower fat-free 
mass. Finally, according to Syrotuik and Bell (2004), the 
only 1-rM improvements associated with the 5-day cre-
atine monohydrate load appeared in the “true responder” 
group. thus, as the body composition and performance 
data from the present study confirm strength and condition-
ing professionals and clinical practitioners should consider 
that there may be a pre-existing muscle morphological pro-
file, which determines whether an athlete, client, and/or 
patient will experience performance-based improvements 
from creatine monohydrate supplementation.

taken together, the results from our study confirm that 
periodized resistance training is a highly effective coun-
termeasure to age-related losses in skeletal muscle mass, 
muscular performance, and functional capacity. In addi-
tion, combined creatine and protein supplementation, in 
conjunction with a periodized resistance training program, 
elicited no adverse side effects and may augment these 
improvements. last, these findings indicate that future 
research is needed with a larger sample size and longer 
resistance training/supplementation intervention to deter-
mine if the effects of combined resistance training and sup-
plementation can lead to enhanced chronic body re-compo-
sition, muscular performance adaptations, and functional 
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capacity over a longer period of time compared to rt 
alone.

the present study was limited by a small number of 
study participants in each training group (rt, n = 10; 
rtS, n = 11) and a relatively short training program dura-
tion of 12 weeks; future investigations should incorporate 
larger sample sizes to allow for maximal statistical power 
in addition to relatively long training programs (i.e., 16–
24 weeks). Also, even though monitoring the study partic-
ipants’ diet via a 3-day recall at study baseline and study 
week 12 revealed non-significant differences between rt 
and rtS, it is a limitation to assume that all study partici-
pants were eating similar to the recall logs and/or their nor-
mal diets for the entire duration of the investigation. Fur-
thermore, the present study only examined older, untrained 
men; future research in this area could include investiga-
tions of middle-aged men, untrained and trained, and/or 
studies comparing young and older men, perhaps with a 
focus on responders versus non-responders. last, the resist-
ance exercise prescription in the present study utilized 
“rM loads,” which are commonly prescribed in addition 
to “%1-rM loads,” and this study did not include a deter-
mination of the molecular mechanisms contributing to the 
adaptive responses observed. therefore, within a single 
investigation, using the same study sample, future research 
should aim to compare acute responses (e.g., acute hor-
monal/molecular responses), body composition changes, 
and muscular/functional performance changes in response 
to periodized resistance training alone, supplementation 
alone, and combined periodized resistance training and 
supplementation.

In summary, 12 weeks of periodized resistance train-
ing resulted in enhancements in lBM and body compo-
sition, improvements in upper and lower body muscular 
strength and strength-endurance, and increases in func-
tional task performance in older men (60–80 years of 
age). In addition, participants who supplemented with 
creatine and protein experienced greater, but statistically 
non-significant, increases in lBM and improvements 
in relative upper and lower body maximum strength, as 
well as statistically significant increases Margaria stair-
climbing power. While the mechanisms eliciting these 
changes remain to be elucidated, our results add to a body 
of literature suggesting that creatine combined with pro-
tein supplementation may not provide additional benefits 
to older men performing resistance-type exercise, while 
periodized resistance training alone, as prescribed in this 
investigation, may lead to optimal and augmented mus-
cular and functional performance improvements in older 
adults.
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