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Introduction

muscle size.

This study investigates the effect seen from creatine, whey protein, or carbohydrates on muscle strength and

Study Design

33 bodybuilders (recreational) were included in this study. They had to have
been lifting for 6 months, at least 3 times a week, and their program was

Conclusions

Creatine has the most robust effect for muscle size.

Resistance training increases muscle size and strength, but mostly in type 2a and type 2b muscle cells.

There is a strong association between muscle size and muscle strength.

Amendments

1 by the researchers - to ensure this was the case, all participants
underwent a 12 week resistance program before the start of the study. They
had to stop all supplementation for 12 weeks leading up to the study. Once all
these bases were set, they were assigned a strict training routine for 10-11
weeks (every day was supervised by trainers). At baseline (start of the study),
they had their 1 repetition maximum tested for squat, bench press, and lat pull
down. They had muscle biopsies taken to assess muscle cell size pre and
post study period. Body composition was assessed by DEXA scan.

Participants were split between 4 groups: Participants of all 4 groups
(Carbohydrate only, Whey Protein only, Carbohydrate + Creatine, Whey +
Creatine) consumed 1.5 grams per kilogram bodyweight of their supplement
(unknown to them) every day for 11 weeks. Each participant was instructed to
maintain their normal diet with each supplement consisting of approximately
400 kcalories (+/- 50 kcalories).
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response to RE training and WP supplementation. The
chronic use of CrM 10 increase mus.n.l- srrength and LEM
is also @ common stralegy among s adull populations
that exercise (24}, The beneficial elfects of oral CrM
supplementation are thought to be dependent on the extent
of Cr sccumulation within muscle (14). However, this
response can be highly able between subjects (17). For
this reason, dietary strategies such as combining CrM with
carbolydrate (CHOD (16) or protein (27) have been used 1o
enhance Cr uptake.

Studies that have atiributed gains in LEM 1o deetary
supplementation during RE training have not reported these
changes alongside adaptations at the cellular level (ie.. fi
specific type 1, Ha, or 1lx hypertrophy ) (46,8, 16
that have reported fiber-specific hyperrophy (1, 10
ot confimmed this response with changes o sbie
level (e, comractile protein content), For example, the
combinution of CrM with CHO has been shown to provide
T improvements in strength and body composition
M with no increase in fat mass) compared
with CHO alone (16). CrM combined with WP also has
been shown 1w augment muscle sirength and LBM when
compared with CHO or WP-only  supplementation (6
However, no studies have examined the effects of Crid
and WP supplementation on strength and body compasition
changes alongside muscle characteristics such as fiber-
specific (ie., type-L Ha, or 11x) hypertrophy and contractile
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protein content. Therefore, the aim of this sudy was 10
examine the effects of combining Crv with CHO and wi
WP during RE training, in comparison with WP and CHO
alone, on strength, body composition, and fiber-specific
{ie., type L Ha. or 1Ix) hypentrophy as well as muscle Cr
and contractile protein content. The first hypothesis was
that supplementation with CrM and WP or CrM and CHO
would provide greater benefits than WP or CHO' alone,
Because of the benefits reported previously with WP (6,8,
a secondary hypothesis was that the combination of CrM
and WP would provide greater benefits than the combina-
ticn of CrM and CHO.

METHODS

Participants. Thiny-three recreational male body-
huilders met the requirements to participate in this study.
which involved pre—post and i

they were similar in energy conlent on a grams-per-
kilogram basis, For example, an 8ikkg participant m the
WP group consumed 120 gd” ' of a supplement that
comained approximatel 3 g of protein, <6 g of carbo-
hydrate, <1.2 g of fat, and 1864 kJ (447 keal), whereas an
B0-kg participant in the CHO group consumed the same
dose of a ! that ined 106 g of carbohyd

0 prodein or far, and 17700k) (424 keal), The Creontaining
supplements (CrCHO and CrwP) contained a 1wk loading
phuse with CrM (0.3 gk "d™") that was followed by a
maintenance phase (0.1 gkg "~ ") for the duration of the
study {weeks 2-11—a protocol that has been shown
previously o augment muscle strength and hyperrophy
during RE training (28). For example, an 80-kg participant
in the CrCHO group consumed 120 gd ™" of a0 lowding

phuse that i Bigaofc Mg
of CrM, and 1420 kJ (340 kcall, and then o maintenance
phase {weeks 2-11) that provided 989 g of

during |1 wk of RE training. To qualify as participants, the
men were required 1o (a) have no current oo past history of
anabolic steroid use, (k) have been training consistemtly (i.e.,
35 dowk ™) for the previous & months, (c) have submitted o
detniled description of their curment training program, (dy
have not ingested any ergogenic supplement for 12 wk
before the stant of supplementation, and (e) agree not o
ingest any other ithonal or ipti
drugs that might affect muscle growth or the ability 1o
rin intensely during the study. All participants wene
informed of the potential risks of the investigation befone
signing an informed consent document approved by the
human research ethics committee of Victoria University
and the Department of Human Services. Victoria, Australia.
All procedures conformed to National Health and Medical
Research Council guidelines for the involvement of human
subjects for research and conformed 1o the policy stalement
regarding the use of human subjects and written informed
consent published by Medicine & Science in Sports &
Exercisey,.

After baseline assessments, the men were maiched for
maximal sirength (IRM) in three weight lifting exercises
(see strength assessments) and were then randomly
assigned 1o one of four supplement groups in a double-
blind fashion: whey protein (WP). CrM and whey protein
{CrWP), CrM and carbohyd (CrCHOD), or

carbohydrate. 8.4 g of CrM, and 1651 kJ (396 kcal). A
participant of the same weight in the CrWwP group
consumed a loading phase supplement (week 1) that
comained 83 g of protein, <48 g of carbohydrate, <1 g
of fut, 24 g of CrM, and 1500 kJ (359 kcal). followed by a
maintenance phase supplement {weeks 2-11) that
comtained 96 g of protein, <55 g of carbohydrate, <1 g
of fat, 8.4 g of CrM, and 1729 kJ (415 keal).

The participams were asked o consume their supplement
dose in three equal servings throughout the day (described
with measuring scoops provided . For example, the partici-
pants were usked to consume one serving midmorning, one
serving as soon as they finished each workout in the afternoon
tor similar time on nontraining days), and one serving in the
evening before skeep, The participants were weighed on a
Seca T03 stainless steel digital medical scale (Seca, Perth,
WA) every week 10 track hody mass, Where o substantial
change in body mass (approximately 2 kg) from baseline was
ohserved. the paricipant was shown how o adjust the
supplement dose o comespond with the increase in body

weight. i ximately 1-wk
swwm and were
‘asked 1o return the container before they received the next
week's supply, as an sct of compliance 1o the dosing

procedure. In addition to having 1o retum the container, the

only (CHO).
Supplementation. Paricipants were i d 1o

were asked 1o document the time of day they took
the supplement in nutrition diaries that were provided. The
ici " diers were itored and assessed as previously

comsume 15 g of the supplement per Kilogram of body
weight per duy (1.5 ghg "d™') while maintaining their
habitual daily diet. The chosen supplement dose was based
on previously reported intake by this population (18). The
supplements were tested to comply with label claims
before leaving the place of manufacture (AST Sporns
Science, Golden, OO Additionally, the WP supplement
wis independently assessed by Naturalae Nutrition LTD
(Level 2/18 Normanby Rd Mt Eden, New Zealand) on two
separate occasions. and matched labeled ingredients on
both occasions. The supplements were provided in
identical containers with sealed, tamper-proof lids, and

described (71, In brief, each participant was asked 1o submil
three written dietary recordings: one before and two during
the study (each recording consisted of 3 d) for the calou-
lation of macronutrient and energy inake. Encrgy intake is
expressed in Kilocalories per kilogram of body weight per
day: protein and carbohydrate are expressed in grams per
kilogram of body weight per day, The participants were
asked 10 report any adverse events from the supplements in
the nutrition di provided. Noo adverse events were
reparted by the participants,

Resi training p l. Questionnaires demon-

strated that the panticipants had been training consistently
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Participants of all 4 groups (Carbohydrate only, Whey Protein only, Carbohydrate + Creatine, Whey +
Creatine) consumed 1.5 grams per kilogram bodyweight of their supplement (unknown to them) every
day for 11 weeks. Each participant was instructed to maintain their normal diet with each supplement

consisting of approximately 400 kcalories (+/- 50 kcalories).



(e, 35 dwk ") for ar least & months before expressing
imerest in this investigation, However, 1o ensure that the
participants were trained and o minimize the impact of o
new program on strength and hypertrophy adaptations. the
men underwent a structured training program (similar to the
one used in this study) for 8-12 wk before commencing this
trial. The 11-wk RE program used in the sidy (Mac-0T,
AST Sport Science, Golden, OO has been described
elsewhere (7.8) and began the week immediately after
baseline assessments. In brief, the progrom was designed
specifically to increase strength and muscle size. It consisted
of high-intensity {overload) workouts using mostly
compound exercises with free weights. Training intes
for the program was determined using repetition maximuoms
(RM). Qualified personnel supervised each participant on o
ane-to-one basis during every workout, Aside from the
personal training each participant received during the 10-wk
program, they also kept training diarics to record exercises
sets, repetitions performed, and the weight used thmughnul
the program, and these were viewed by the trainer on a
weekly basis. The following assessments occurred in the
weeks before and after the RE program,
testing. Sirength consisted of the
maximal weight that could be lified once (1RM) in three
weight training exercises: and
A recognized |RM resting pmm..n] and
exercise execution guidelines were followed, as has been
previously documented (23 Briefly, each participant’s
maximal 1ift was determined within no more than five
single-repetition attempts after three progressively heavier
warm-up sets. Participants were requined to successfully lift
each weight before attempting a heavier weight.
exercise was completed before the next anempi, and
same order, Reproducibility for these tests was determined
an Iwo separale occasions; ntmackiss correlations (1CC) and
standard error of measurement (SEM) for 1RM tests were
bench press: ¢ = (L9958, SEM = 1.0 kg squat: r = 0,995,
SEM = 1.5 kg and pulldown: 0982, SEM = 2.5 kg.
Body composition. Lean body mass (total far- [mc

practitiones. A small pan of |I|e ample was immediately
froween for al and Cr. The
remaining lissue wis mounted us:ml_ OCT medium amd snap
frozen in isopentane, which was precooded in liguid nitrogen
and stored at —80FC for histochemical analysis to classify
muscle fiber types 1, Ha, and 11x on the basis of the stability of
their ATPase activity, & previously described (7). Fiber-type
percentages and CSA were determined from sections
contaiming & mean of 210 (range 130-400) fibers, Samples
were measured on two separate occasions for day-to-day
reproducibility; 10C and SEM for hlm ~type distribution were
type I: # = 0822, SEM o= 0941, SEM =
1.3%: and type Ilx: 0945, §E\| 2%, For mean area
of fiber type L r = tl_'ﬂ2 SEM = 87 pm?® for type Tla, »
0,984, SEM = 100 s and for type 1ls, r = 0,967, SLM =
141 pm®, Approximately 5 mg of muscle was used to
determine contractile protein coment, as detailed by Beitzel
et al. (3) and reponed previously (7). Two milligrams of
muscle was used to analyze Cr concentrations using
fuorimetric technigues, as in Hultman et al. (14); daa are
expressed as millimoles per kilogram of dry weight. Samples
were Tun twice on two separale occasions: 10O and SEM
for contractile protein content were ¢ o= 0984, SEM =
2l mgg ' Onr= 0881, SEM = 22,

Statistics. Stuistical evaluation of the data was accom-
plished by two-way repeated-measures analysis of variance
[ANOV A} with grouy yaand time (training) as the
factors using SPSS statistical analysis software (SPSS v 1100k
Chicage, IL). Where significant main effects were identified
by ANOWA, Tukey post foc analysis was performed to
locate differences. A priovi power testing was hased on
previous data on changes in strength, body composition, and
contractile prodein data obtained by our laboratory (7,8) and
others (300, The testing indicated that group sizes of Towr 1o
seven participants were reguired 1o show significance at an
alpha level of 0005 and a power of 08, Test-retest reliability
was quantified wsing the intraclass cormelation coefficient
(ICC) two-way ANOVA (mixed effects model) and the
SEM {29). Slmplc regression was used to determine

massl, Far mass, amd body e were d
using i Hologic QDR-4500 dual-energy soray ahsorpliomelry
(DEXA) with the Hologic version ¥ 7, REV F software

1 hips among the delias for selecied
ahles, A P value of less than 005 was designated 10
indicate statistical significance, A P \-ulue of less than 08
WS Consi a trend.

(Waltham, MA). Whole-body scans were p d on the
same apparatus, by the same licensed operator. Quality-
control calibration and scanning were i

as previously described (8). Participants were scanned at the
e of day (1e,, i the moming) ina fasted stae. For
dinal studies in which relatively small changes in
body composition are to be detected, whole-body scanning
with this instrument has been shown 1o be accurate and
relighle (CV 0LB-2.8%) (13).

Muscle analyses. Muscle biopsies for determination of
mscle fiber type, cross-sectional area (CSA). contractile

e tent, and Cr ions weere taken in the week
befom and after the RE program. Biopsies (100450 mgh
were taken using the percutancous needle technigue with
suction 1o cnsure adequate sample size (12) at a similar depth
in the vastus lateralis muoscle by the same medical

RESULTS
Starting characteristics. Four participans did not

attend the required amount of supervised training sessions
(75%) or provide all dietary records. Therefore, their dota
were ot included. Additionally, three participants chose
not to return for final biopsies. This reduced the group
sizes o seven in the CHO group, five in the WP
group, eight in the CrCHO group, and six in |I|e Crwp
group, Starting cf istics for these particip ane
shown in Table 1 re were no differences between the
groups in any variables at the start of the study (7 > (L03).

Dietary analyses. Table 2 shows the average of 3-d
written dietary recalls for energy (kealkg 'd ') and
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TABLE 1 Baseling charactenistics.

cho e GEHY
Age lim) M7 M5 Heh
Training age fyr) [ 351 fis2 (%]
Height (i) 17TeE Wb 1T eR
Bady mass {kg| LES LLESL] B s
Lean mass i) Q.7 8:7 T8
Fat mass (k) 137 N4 7T
a3 A s 3656 + 583

CSAtype | jun) 3652 B
CEA e Il dun) BT B3 E5250 223 AGTD A1

CSAtype ln {un’) 425 :E56 @0 WI A3 O
R bench (kg R G131 1M
R squat ikg) 1525 MBI 1B:1d 138
TR pubdmn fhgh  B0:12 10 BalE @1l

Walues b means + 0. CHO, canbobydrana-oaky group WF, whey prowain-anty grosp.
GIGHD, creatineizamasydrata group; GAWP, creatinethey proden groap.

carbohydrate and protein (gkg '-d '} of the groups before
and in the first and last weeks of the training program. Data
do not include supplementation, No differences were

regard

identified between the groups or across time w
1o energy or macronuirient intake (F = 005),

Body iposition. All groups a gain in
body mass (time, P = 0.001) {Table 3), but no group or
group = time interaction was detected for body mass. No
ineractions for far mass or body fat percentage were
detected between the groups or across time, However, a
roup = lime interaction (F = 0.043) was observed Tor LBM
(Table 3. Whereas each of the groups demonstrated an
increase {time, P = 0.001) in LBM after the program
(CrCHO, 437 + WP, +2.3 kg; CHO, +0.7),
only the CrCHO group’s increase in LBM was significantly
greater than that of the CHO group (posr foe P < 0L05).

Strength. 1RM strengih data (kgh barbell bench press,
cable pulkdown, and harbell squat are presented in Figure Ta.
b, and © respectively. All groups demonstrated an improve-
ment in strength in each exercise after the program (time: P =
QU0001), and a group = time interaction (P = 0.0001) was
observed for each exercise, The CrCHO, CrWP, and WP
groups demonstrated a greater increase in strength in each
exercise companed with the CHO group (poss hoc P < 0415),
However, no differences were detected between the CrC
CrwP, and WP groups.

Muscle characteristics. No changes in fiber-tvpe
proportions berween the groups or across lime were

TABLE 2. Dietary analyses.
CHO wE CCHD WP

Enaigy intake (eealby a7y
Belore BEE:T2 416:43 20:61 M0E:36
Week 1 ME+53 4085:38 3318 3O-20
Wak 11 4250 31033 M4l 3093

Carbetrydeate grhg "4

Belors 29:0F AD:0B 4412 3dend
Waek 1 2E:=06 37:04 3T7:10 39:14
Week 11 IT-04 40:12 AT:06 47:19
Proten (k) 97"}

Belore 1603 16:02 15:03 21:10
Wtk 1 I7e02 17002 15003 15008
Wark 11 15201 16201 15:03 17:07
Fatigkg )

Baltes 2106 22:04 20:06 21:10
Week 1 21:=08 21:04 19:06 19:08
Wtk 11 2106 2.0 2007 17007

Vaies are means = 50, CHOL carbotrydrate-only groeg; WP whey prossn-arly rosp:
(CoCHO. crestinascarhubydrate group: G, crastinedatey proten group.

detected (Table 41 All groups demonstrated an increase
in CSA (P = 0.05) of the type 1 and 1x fibers afer the
program. Additionally, a group < time interaction in CSA
was detected for the type | (P = D.001; Fig. 2a), Ha (F =
0.001; Fig. 2b), and Ilx {F = 0.001: Fig. 2c) fibers. The
CrCHD and Crw'P groups demonstrated a greater increase
in CRA in each fiber type compared with the CHO group
(et howe P <= 005). The CrCHO and CrwP groups also
demonstrated 2 greater increase in CSA in the type | fibers
when compared with the WP group (post hoc P < 005), A
trend for a greater hypertrophy of the tvpe 1la and 1Ix fibers
P =0.077 and P = 0.078, respectivelyh was also observed
in the WP group compared with the CHO group.

A group x time interaction (P = 0.001) for contractile
imyofibrillar) protein contemt was also detected, The
CrCHD, CrwE, amd WE groups each showed o greater
increase in contructile protein compared with the CHO
group after the program (posr foc Po< 0005) (Fig. 2d).
Additionally, the CrCHO and Crive groups demonsirated a
trend (P = 007 and 008, respectively) for a greater

¥ protein content pared with the

increase in
WP group.

A group difference (P = 0103) was detected for the Cr-
treated groups in muscle Cr (Table 5). Both the CrCHO
and CrwP groups showed a higher (P < (L03) concen-
tration {mmolkg ' dry weight) of Cr compared with the
WP and CHO group after the raining program, but there
was no difference between the CrCHO and CrvP groups.

Correlati For all particip bined, positive
correlations (F < 0.01) were detected between changes
in muscle fiber CSA (in all fiber types) and strength gained
in the 1RM squat exercise (Fig. 3). A positive correlation
(P = 0051 was also detected berween the change in
comractile protein (mge ') and (IRM) strength improve-
ments in the squan (Fig, 41, Additionally, positive cor-
relations (# < (LOT} were detected between the increase in
comtractile protein and increase in muscle fiber CSA, in
all fiber types (Fig. 5).

DISCUSSION

The most important finding of this investigation was that
ulthough there were no differences between the groups at

Table 1: The researchers are showing the baseline (pre-study) measurements between the four
groups - you hope there are no statistical differences so that whatever differences show up later will
be a result of the intervention. CHO: Carbohydrate, CrCHO: Creatine + Carbohydrate, WP: Whey
Protein, CrWP: Creatine + Whey Protein. Body mass is body weight; Lean mass is muscle, bone,
and any other non-fat mass; CSA is cross sectional area and speaks to the size of the muscle (the
type is based on the type of muscle cell - type 1 is slow twitch, oxidative, for example); 1RM is one
repetition maximum and is the maximal amount a person can lift with good form.

Results:
- There are no differences between the groups at baseline by any of the measures listed.

: What changes we see at the end of the study are more likely to be due to the
intervention.

THBLE 3. Body mass and compaston.
CHD WP CriHD CWP

Bady mass [kt
P TEE+4T  EAT

50 BZ=40 B30+ 48
MOsel T3o43

Post’ 240 BLEsS0
Lean mass (o)

e 623:28 0:32  BT0:2F  GTO:26

Post’ B10: 27  613:30 N300 M3:ze
Fat mass (k)

[

182:28  WE=18  16E=2F 158228
Post M0:28 MO 16 17021 186+ 26
% Fa
3 W24 WMEAT 1RIe18 WMEL10
Post 17625  150+13 18613 18518

Values ane means + SE CHO, carhohydrate-only grou; WE, whey proten-oriy groo;
CrCHD, crastisedcarbainydeate group. CrWP: creating/whey prowin group. * Trainisg
eftect for all groeps [F = 0.001); ™ grealer increase than GHO graug (7= 0043, ffect
sire = 0.297, pawar = 0642)

Table 2: This table indicates the amount of energy (kcalories) consumed, protein, fat, and
carbohydrate between the 4 groups at baseline (pre-study), then again one week into the study
(having consumed their supplements), and then again at the end of the study (week 11). CHO:
Carbohydrate, CrCHO: Creatine + Carbohydrate, WP: Whey Protein, CrWP: Creatine + Whey Protein

Results:
- No differences between groups on any of these measurements.

Nutritionally, all four groups were similar, reducing the probability of it as a confounding
variable.

Table 3: This table indicates the body mass, lean mass (muscle, skeleton, etc.), and fat mass pre-
study (baseline) and after the 11 weeks of training with supplementation for each of the 4 groups. CHO:
Carbohydrate, CrCHO: Creatine + Carbohydrate, WP: Whey Protein, CrWP: Creatine + Whey Protein

Primary Results:
- For all groups, body mass and lean mass (but, not fat mass) increased with the interventions.

TakelAWay: The training, regardless of condition/group, increased lean mass (likely muscle mass).
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an = SEL &, Pulldown (TRM) sirongth.
e fhian CHOgroup (= NN, effect sive
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J

eadmning effect; * gr
LSS, power = 1994
Training effiect; * groater in-
1L3HS, poswer = L995) {men -
| strength, * Training effect; * greater increase
CHA group (P = (NN, effect size = 0502, power = (9961 (mean

CrwP

ater

the start of this stsdy,

and each group consumed a protein-
rich diet, supplememation with CrCHO, WP, and CrVP

resulied in gremter hypertrophy responses (in al least one

of three assesanens) and TRM sirength gains (in three of
three aswesanents) compared with CHO, Additionall
changes in TRM squat strength correlated strongly ir
P =001} with the changes in muscle morphology across all
groups. However, compared with CHO, the hypertrophy
response from supplementation with CrCHO, WP, and
CrWP varied at the three levels of muscle physiology that
were assessed (e, LBM, fiber-specific hyperrophy
contractile prodein content). These findings are novel in that
wee are aware of no other RE truining studies that hove

de adaptations at the cellular level (ie., fiber-
specific hypertrophy) (4,6,8,16,25) and the subcellular level
(i.e., contractile protein content) (1,10,28).

Our lindings enly partly support the st hypothesis
proposed. That is, trestment with CrCHO or CrWE provided
greater improvements in strength and muscle hypertrophy
when compared with CHO but not WP. Additionally. the
results do not support the second hypothesis proposed. That
i, no greater benefit was observed from combining Crv and
WP when compared with the combanation of Crv and CHO.
It is possible that small numbers of subjects in some of the
groups that completed this wrial may have reduced the
capucity to adequately detect some differences between
the groups, particularly in major variables of interest such
in LEM. For example, although the WP, CrCHO,

“h demonstrated relatively large ¢
in LBM (3, .+ and 5%, respectively). compared with the
CHO (11%) group, the only change in LEM desmed
significantly greater than for the CHO group was the CrCHO
group. We commenced this study with 34 participants that
provided similar group sizes to our previous work (7.
others (28,300 that have involved supplementation and RE
trainir Mese investigations reporied s it dliffer-
ences between groups in LBM, strength, andior muscle
hypertrophy with subject group sizes of six to nine in each
group. For example, in a previous study completed by this
Laboratory (8) that used RE-trained participants and a similar
protocel, supplementation with WP (VN = 6) (1.5 gkg a7
for 10 wk) produced significantly greater gains in LEM and
sirength compared with # group given an equivalent dose of
casein | T In another investigation that also involved
RE-trained participants undentaking o 10-wk RE program,
we were able o detect significantly different ns in LBAM
between two groups (N = 8 and 9) that consumed the exact
same supplement at different times of the day (7). Volek
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Figure 1: This data shows the difference between the baseline strength measurements and after
11 weeks of the same training program for all four groups on bench press (A), lat pull down (B), and
squat (C). # = significant difference between PRE (baseline) and POST (after training). * indicates a
difference between the carbohydrate only group (CHO) and the other group (in this case, all of them
have significant differences by comparison).

Primary Results:
- All groups increased strength in all three lifts.
- All groups involving whey and/or creatine increased strength more than carbohydrate only group.

TakeAWay: The training was effective at increasing strength, and the supplements (especially creatine
and whey - together or not) lead to even greater increases in strength.
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groups is an important limitation of this study, Nevertheless,

unlike other investigations that have reported

body compesition from dietary intervention, the ¢
LBM in this study are supported by a number of significant
differences between the groups in sl | muscle mor-
that were detected at the cellular and subeellular
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Flg ure 2: These graphs show the difference in muscle fiber/cell size PRE (baseline/before
supplementation) and POST (11 weeks or training + supplementation) of all 4 groups. Figure 2A shows
type 1 muscle cells (which are typically considered lower force producing, but more fatigue resistant, also
known as red fibers); 2B shows type 2a muscle cells (which are considered greater force producing than
type 1, but less fatigue resistant); 2C shows type 2x muscle cells (which are the most force producing, but
least fatigue resistant - also considered "white" fibers); 2D shows the amount of overall contractile protein
(proteins that are involved in muscle contractions, generating force) CHO: Carbohydrate, CrCHO:
Creatine + Carbohydrate, WP: Whey Protein, CrWP: Creatine + Whey Protein. # = Training effect. * -
Different vs CHO group. t = Difference vs Whey Protein.

Primary Results:

- There is an increase in type 1 muscle cell size with creatine (either group) that exceeds the carbohydrate
group, as well as the whey protein group.

- In type 1 cells, there is a training effect with all groups except the carbohydrate group.

- In type 2a and 2x cells, there is a training effect in all groups.

- In type 2a and 2x cells, there is an increase in size with creatine supplementation vs the carbohydrate

group.
- In muscle cells (total, including all three types), there is a training effect for all groups increasing
contractile protein content.

- In muscle cells (total, including all three types), there is an increase with creatine supplementation (both
groups).

Take Away: Resistance training increases all muscle cell sizes except type 1, unless supplementation
occurs (creatine or whey). Creatine leads to the greatest muscle size increase effect, even higher than
whey protein with type 1 muscle cells. Overall, creatine leads to the most potent increase in muscle cell
size.
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FIGURE 3—Relationship between musche fiber hypertraphy and
IRM strength improvements in the squat.

The CrCHO, CoWP, and WP groups in this siody each
demonstrated a significantly greater increase in contractile
prodein content (milligrams per gram of muscle) compared
with the CHO group after the training program (Fig. 2d).
This reflects the changes in CSA that were detected,
particularly in the CrCHO and CrWP groups and, w a
lesser extent, the WP group: a trend (P < 0,09) for greater
hypertrophy of the type Da and 1x fi
the WP group when compared with the CHO group.
Although no significant differences were detected between
the WP, CrCHO, and CrWP groups in LEM gains or type
11 fiber hypertrophy, a trend (F < 0.09) for a greater
increase in myofibrillar protein content was also detected
in the CrCHO and CrWP groups compared with the WP
group, RE-induced muscle fiber hypertrophy is thought 1o
be primarily responsible for improvements in force
prmlmtlun and strength that are observed in RE-trained

i (26). An increase in contractile protein is

ihers was observed for

Few have used marched placebo-treated groups and have
quantified the extent of specific mscle fiber type {i.e., type |,
Hla, and 11x) hypertrophy in response 10 RE training and
supplementation. Volek et al. (28) reported that treatment
with CrM resulted in significantly greater muscle fiber
hypertrophy in all fiber types assessed compared with &
matched placebo-treated group. Andersen et al. (1) reponied
significantly greater hypertrophy of both type [ and 11 fibers
s well s squat jump height in a group that received a pre
and postworkout protein supplement (25 ¢ each serving)
compared with an equivalent dose of CHO during 14 wk
of RE. In the present study, significant differences between
the groups in muscle fiber hypertrophy across all fiber types
were detected. For example, both the CrCHO and Crw'P
groups demonsteated o greater increase in CSA in the ype I,
U, anel 1lx fibers (Fig, 2a, b and ¢} compared with the
CHO group, as well as o greater increase in CSA in the type
I compared with the WP group (Fig. 2a). However, no
differences were detected between the WP, CrwP, and
CrCHO type I fiber CSA. Unlike previous studies (1,10.28)
et have reported muscle fiber CSA clanges in respomse 1o
travining and supplementation, this sudy was able 16 confinm
these hypertrophy responses with changes in contractile
protein content,

thought o be an impormant stimulus that results in an
increase in muscle fiber CSA (22). When all participants
were combined, a strong relationship between changes in
muscle fiber CSA (across all fiber types) and strength
improvements in the squat exercise were evident (Fig. 3).
A similar relutionship between changes in contractile
prodein content and strength improvements in the squat
was also detected (Fig. 4). Additionally, a sirong relation-
ship between changes in contractile protein content and
muscle fiber hypertrophy (for all types) was observed
(Fig, 51, The r values obtained suggest thit a substantial
portion (30-T6%) of the strength improvements observed
across all groups could be attributed to the changes in
skeletal muscle morphology. These correlations reflect a
direct relationship between muscle adaptation {hypertro-
phyh and an improvement in functional strength, The
barbell squat exercise was the focus of these correlation
assessments simply because, unlike the bench press and
pulldown exercise, the vastus lateralis is recruited heavily
during this exercise. Therefore, although differences be-
tween the groups in terms of change:
were less evident, some statistically significant differences
fand strong trends) were detected between the  growps

Fi gure 3: These data are correlational - they show the relationship between two variables. In this case,
the are showing a i ip between squat strength (on the Y-axis) and muscle cell size (X-
axis). Each point on the graph is a participant's output value (Type 1 are diamonds, Type 2a are circles, Type
2x are triangles).

Primary Results:
- As muscle cell size increases, squat strength increases.

: There is a strong direct association between muscle fiber cell size and squat strength (more size,
more strength) - regardless of muscle cell type (all three have strong associations).

change in squat strength fkg)

) 50
change in ontractile protein content (mg'g)

FIGURE 4—HRelationship between change in comractile protein
comtent and IRM strength gaims in the squat.
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regarding muscle fiber hyperrophy and contractile prosein
acerual. Additionally, it was these alierations in skeletal
muscle morphology  that were largely responsible for
the improvements in strength in an exercise involving
a related muscle group. However, although these results
suggest a cause-and-effect relationship between muscle
hypertrophy and strength, no mechs AESPRAITIENIE WETE
anempled,

Willoughby and Resene (30) completed one of very
few studies that have linked an enhanced hypertrophy
response from RE and supplementation {i.c.. increase in
strength, LEM, and thigh volume) to alterations at the
molecular level that may explain these benefits. In this
study, supplementation with CrM (6 gd ™) during 12 wh
of RE resulted in greater increases in LEM, muscle
strength, and myofibrillar prodein content with mutched
pluceho-treated and control groups. These alterations

ponded with the lation of the genes and
mynogenic regulatory factors associated with (myosin heavy
chain) contractile protein synthesis. A review of 22 studies
involving supplementation during RE training clearly
shows that CrM enhances weightlifting performance and
the development of strength (24), and this is probably
attributable 1o increased Croavailability during intense
muscle contraction (14). More recently, Olsen et al. (20%
reported that CrM supplementation during 16 wk of RE
amplified the training-induced increase in satellite cell
number and myonucler concentration i human skeletal
musche fibers, thereby allowing an enhanced muscle fiber
growth in response to strength training. Therefore, supple-
mentation with CrM may result in superior strength and
hypertrophy responses by inducing greater satellite cell
numbers and myonuclei concentration alongside transcrip-
tional changes in muscle gene expression, which may
contribute 1o, o be a product of, CrM's abality w enhance
the bioenergetics of the phosphagen system. Although
these findings help o form a tempting mechanistic
explanation for the greater hyperirophy responses observed
in the Cr-treated groups in the present study. they do not
explain the greater increases in strength and contractile

p: -MEse oy

Fi gure 4: These data are correlational - they show the relationship between two variables. In this case, the
researchers are showing a relationship between squat strength (on the Y-axis) and muscle contractile protein
amount (X-axis). Each point on the graph is a participant's output value.

Primary Results:
- There is a moderately strong association between contractile protein amount and squat strength.

: Having more myofibrillar (muscle) contractile proteins is moderately strongly associated with a
stronger squat.

yright & 2007 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.

recently, supplementation with WP during RE has been
shown 1o provide a similar effect in a0 least one of the
signaling proteins that regulate protein synthesis through
translational initiation (13). WP meals are shown o
provide a higl mulation of protein synthesis and greater
net postprandial protein gain compared with other high-
quality protein sources (%), Therefore, the frequent con-
sumption of WP throughout the RE program in this study
may have resulled in o greater anabolic response (i.e.,
u higher rate of protein synthesis and net protein sccretion)
that resulted in greater synthesis of contractile protein.
Although the findings WP supplementation in this
study are consistent with this theory, the mechanisms
that underline the benefits obtained from WP dusing
RE have vet 1o be fully elucidated, The ability of the
WP group 1o achieve similar strength gains without the
large increase in LBM. as seen in the CrCHO and Crw're
grmpﬁ m this study. may have important sport-specific

resirics ~d events. Thus, further sidies on the chroaic
effects of WP during RE are warranted, particulardy at
the molecular level,

O the basis of the mechanistic explanations that have
been proposed. one may expect an additive effect from
combining CrM and WP on muscle strength and hyper-

trophy. However, in this study, no greater effect was
ohserved from this supplement combination compared with
the combination of CrM and CHO. One explanation for
this may be the influence of the CHO (contained in CrCHO
but not in the CrWP supplement). For example, all groups
consumed a high protein inake aside from supplementa-
tion, and the results of at least one longitudinal study
suggest that once dietary profein requirements have been
e, i s the energy content of the diet that has the largest
effect on hyperrophy during RE (251 In other words,
when CrM is consumed in the presence of a high-protein
diet. the addition of CHO may be more beneficial than
extra protein. However, the results also suggest that the
consumption of CrM with WP provides similar benefits
o Ihuen: of CrM with CHO. This may have important
for i

protein acereal detected in the WP-supy | group.
Although previous studies have shown thit WE supple-
mentation (1.2-1.5 gkg 'd~ ') results in greater LBM
and strength compared with matched CHO (6) and casein-
treated groups (8). this study is the first to report changes in
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pul that desire imp s from
exeru'ar but [m whom the consumption of large amounts
of glucose is undesirable, such as those with (or at risk of)
type 11 diabetes. Because this is the only study that has
compared the effects of two different CrM-containing

Fi gure 5: These data are correlational - they show the relationship between two variables. In this case, the
researchers are showing a relationship between cross sectional area - size of the cell (on the Y-axis) and muscle
contractile protein content (X-axis). Each point on the graph is a participant's output value (Type 1 are diamonds,
Type 2a are circles, Type 2x are triangles).

Primary Results:

- There is a strong positive relationship/association between type 2a and type 2x contractile protein content and
changes in cross sectional area.

- There is a moderately strong positive relationship/association between type 1 contractile protein content and
changes in cross sectional area.

ffake’AWay: There is a strong association between increasing muscle contractile protein content and muscle cell
size.




explain the greater increases in sirength and contractile

o |hne:= of CM with CHO, This may have important

protein accrual detected in the WP-supp 1 group.
Although previows studies have shown that WE supple-
mentation (1.2-1.5 gkg 'd~') results in greater LBM
and strength compared with matched CHO (6) and cas
treated groups (8). this study is the first to report changes in
skeletal muscle mosphology in response o RE training and
WP supplementation, In this study, the WP group demon-
stratedd greater improvements in 1RM strength (in all three
tests) compared with the CHO-treated group (Fig. 1), On
the basis of the comelations observed, these strength
improvements can be attributed mostly o skeletal muscle
morphology. The protein used in this smdy (whey isolate )
is considered a rich source of EAA, particularly the branch
chain amino acids (BCAA) (5), Supplementation with the
BCAA during and after RE is shown to result in greater
phosphorylation {activation) of pT0°™ in skeletal muscle, a
rate-limiting kinase in the signaling nerwork i

P for populations that desire imp from
exercise but for whom the consumption of large amounts
of glucose is undesirable, such as those with (or at risk of)
type 11 diabetes. Because this is the only study that has
compared the effects of two different CrM-containing
supplements on skeletal muscle morphology during RE,
o results warrant further study,

Aside from the statistical evaluation of diet and the
assessment of muscle hypertrophy at three levels, another
strength of this investigation was the p:nau\allz:d mmmng
of the e or 1
all pamicipants during every workout). This level of wper—
vision has been shown to ensure better control of workout
mtensity and greater ~s|n~||g|l| improverments during training
(19, A personal training approach o RE supervision
in RE tmlnmg studies that involve supplementation is
as it cnsures 4 bmlcr ch.mcc of

protein synthesis through translational initiation (15). More

hanced phvsiolozical ad from
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(28). This is based on the premise that those treated with
supplements such as CrM and WF would be capable of
training at a higher intensity level and progressing at a
faster rate. It is important o remember that the instructors
were blinded to the supplement groups. yet the WF,
CrCHO, and CrwP groups demonstrated significantly
greater hypertrophy {in at least one of three assessiments)
and gains in TRM strength (in three of three assessments),
which, thus, generally supports our theory, Training and
dietary strategies thut augment the adaptations  desired
from RE should continue to receive greater attention from
within the scientific community, because this research has
important implications for an aging population and alsoe
for others who have reduced capacity for exercise, such as
the frail elderly, cardise rehabilitation patients, or those
living with cachectic conditions such as HIV or various
forms of cancer.

In conclusion, this study examined the effects of supple-
mentation with CrCHO, CPWP, WP, or CHO (1.5 gkg '
body weight per day) using four groups of matched RE-
trained mabes during 11 wh of supervised RE training, Pre-
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st d d that i ion with
CrCHO, WP, and CrwP resulied in slgnll’lwnll) greater
increases in 1RM strength (in three assessments) compared
with supplementation with CHO. Up 1o 7T6% of the strength
improvements in the squat could be attributed to hyper-
trophy of muscle involved in this exercise. However, the
hypertrophy response from CrCHO, WP, and CrwP varied
at the three I=ve|s assessed (1e, changes in lean mass,
fibe cific phy, and protein content)
I'I|e|rf0re altth_h supplementation with WP and/for
CrM seems to promote greater strength gains and muscle
hypertrophy during RE training, the small number of
participants within the groups thar completed this inves-
tigation makes it difficult to draw firm conclusions
regarding the effects of the different supplement combina-
tions used in this study, and thus further investigation
warranted.

The lead investigator is a consultant 10 AST Sports Science. The
resuts of the present study oo not constitute endorssment of the
product by tha authors or ACSM.
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