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Running head: Resistance training frequency and muscle hyperyroph 1

ABSTRACT

We studied the effects of two different weekly fneqcy resistance training (RT) protocols
over eight weeks on muscle strength and musclertrgpéy in well-trained men. Twenty-
three subjects (age: 26.2+4.2 years; RT experieh®3.1 years) were randomly allocated
into the two groups: low frequency (LFRT, n = 12)hagh frequency (HFRT, n = 11). The
LFRT performed a split-body routine, training eagecific muscle group once a week. The
HFRT performed a total-body routine, training alisole groups every session. Both groups
performed the same number of sets (10-15 setspa@tises (1-2 exercise) per week, 8-12
repetitions maximum (70-80% of 1RM), five times pezek. Muscle strength (bench press
and squat 1RM) and lean tissue mass (dual-energy &bsorptiometry) were assessed prior
to and at the end of the study. Results showedbibidx groups improved (p<0.001) muscle
strength [LFRT and HFRT: bench press = 5.6 kg (¥8afidence Interval (ClI): 1.9 — 9.4)
and 9.7 kg (95%CI: 4.6 — 14.9) and squat = 8.09694CI: 2.7 — 13.2) and 12.0 kg (95%CI:
5.1 — 18.1), respectively] and lean tissue mass®07) [LFRT and HFRT: total body lean
mass = 0.5 kg (95%ClI: 0.0 —1.1) and 0.8 kg (95%0 — 1.6), respectively] with no
difference between groups (bench press, p = 0sdiat, p = 0.312 and total body lean mass,
p = 0.619). Thus, HFRT and LFRT are similar ovetlarategies for promoting muscular

adaptation in well-trained subjects when the setsiatensity are equated per week.

Key words: Training volume; Weight lifting; Strength trairgnHypertrophy

INTRODUCTION
Attenuated rate of muscle growth following RT isserved in well-trained subjects
when compared with their untrained state (38). Al#38 of muscle growth occurs in the first

weeks of training (5, 9, 38). It is assumed thatdttenuated rate of muscle growth can be, at
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Running head: Resistance training frequency and muscle hyperyroph 2

least in part, due to the adaptation of muscle To &d therefore is difficult to provide a
more effective “stimulus” to increase muscle growih 10-11). However, when an
appropriate progressive overload stimulus is agdplieell-trained subjects can obtain
significant hypertrophic responses (1, 24, 31-32us, manipulation of training frequency
(number of times a muscle group is trained overegkl has been proposed as effective
stimuli to increase muscle mass and strength iktnaehed subjects (12, 34).

Muscle group split routines (individual muscle gpsutrained during a workout)
enables individuals to train with a higher daily samber (~16 sets per muscle group and
load > 70 % of 1RM (17)), while also providing greatecoeery (i.e. 3 — 7 days) of all
involved muscle groups between sessions (1, 2MigA set number per muscle group may
imply intramuscular metabolic stress (15-16, 3QJ aigh muscle protein synthesis (6), and
consequently hypertrophy after RT (1, 21, 31). ermcmuscle group split routine has been
a widely accepted approach among competitive battidns (17). However, recently, more
attention has been given to the effects of highgtfemcy resistance training (HFRT) as an
overload stimulus (12, 34, 36). The hypothetic&efof HFRT on muscle hypertrophy has
considered that more days of RT (i.e. more stinpdi) week would result in a higher net-
positive protein balance in the week than low-fetey resistance training (LFRT) (12). For
instance, some studies have suggested that a libyvséd number (i.e< 3 sets) per muscle
group is sufficient to achieve a maximum musclebatia response (3, 12, 22-23, 28). As a
low daily set number allows less recovery of inealvmuscle groups between sessions, it is
possible to train more days per week and promatatgr overall muscle protein synthesis

per week, and consequently hypertrophy (1, 12).

Copyright © National Strength and Conditioning Association



48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

Running head: Resistance training frequency and muscle hyperyroph 3

Although HFRT seems to result in more effectivenati per week (i.e. more training days
per week) (12), there is very little empirical exMate to support that HFRT provides
additional stimuli to greater hypertrophic resporsempared to LFRT in well-trained
subjects. To the best of the authors' knowledgly, two studies (34, 36) conducted in well-
trained subjects and using accurate hypertrophi@sores have compared muscular
adaptations when the subjects performed HFRT velstRT (volume-equated weekly
distributed). One study reported similar improvetsan lean mass and strength between the
conditions (36), whereas the other study reportelbse-response relationship between RT
frequency and muscular adaptations (muscle massstaedgth gains) in-only one muscle
group (elbow flexor thickness) from three muscleseased (elbow extensors and flexors and
vastus lateralis thickness) (34). The aforementostidies have compared a low daily
training volume (i.e. three sets per muscle granm three-day routine (i.e. HFRT) with a
high daily training volume (9 sets per muscle gpoupa one-day routine (i.e. LFRT). In
these studies, although there were more stimulivpeek with HFRT, muscle size and
strength gains were similar between frequencies (@nthree days per week) in well-trained
subjects, except for elbow flexor thickness gaiB4, (36). It would seem reasonable to
assume that although more stimuli per week takasepin a three-day routine, three stimuli
per week (three-day routine) were not sufficiemt H-RT to be better than LFRT in (one-
day routine) in well-trained subjects (12, 34, 3@)us, acknowledging that HFRT may be an
important stimulus for promoting muscular adaptationore training days (stimuli) than
three days per week seems to be necessary to ebaebetter performance of HFRT
compared to LFRT considering muscle mass and strangwell-trained subjects (12). To
confirm this assumption, we investigated the impafctwo different frequencies, HFRT

(muscle groups were trained 5 days per week) vs.
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Running head: Resistance training frequency and muscle hyperyroph 4

LFRT (muscle groups were trained one day per wemk)nuscle strength and size gains in
well-trained men. The study aim was to investigateether HFRT with low daily training
volume is a more effective way than LFRT with hidhily training volume to increase

muscle mass and strength in well-trained subjects.

METHODS

EXPERIMENTAL APPROACH TO THE PROBLEM

The experimental and randomized (Figure 1) study pexformed over eight weeks.
Muscle strength, body composition, and delayed ieusoreness were assessed at the
baseline and at the end of study. The sample dedsi$ 23 resistance-trained men (height =
1.75 £ 4.9 m; body mass = 78.5 + 9.6 kg; age = 26422 years) divided into two groups:
LFRT (n=12), and HFRT (n=11). The LFRT group peried 2 specific resistance exercises
in each training session while the HFRT group pentxd all resistance exercises in each
training session (Table 1). Both groups perfornvead different five—day-a-week (Monday to
Friday) and volume-equated training routines (HFRIGO LFRT). After the RT period (eight
weeks), the assessments were performed 72 hoerstladt last session of training to avoid

residual effects.

Table 1 and Figure 1 about here

SUBJECTS
The inclusion criteria consisted of well-trained rmeged between 18 to 32 years,
having practiced RT for at least for three yearthaut interruptions and a back squat/body

mass ratie> 1.5 and bench press/body mass ratin0 (33). Moreover, the inclusion criteria
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Running head: Resistance training frequency and muscle hyperyroph 5

comprised absence of (assessed by questionnamggjpathies, arthropathies, neuropathies;
muscle, thromboembolic and gastrointestinal dissrdecardiovascular and infection
diseases; non-drinker (no alcohol intake whatsoewertheir diet), non-smoker, non-
supplements and non-pharmacological substances deapolic steroids) or any illegal

agents for muscle growth at least for one year.

All volunteers were informed about the objectieesl procedures of the study and
gave us their written informed consent. The stuty1697) was approved by the University
Review Board for the Use of Human Subjects (lodhids Committee) and was written in

accordance with the standards set out by the Cetarof Helsinki.

NUTRITIONAL ASSESSMENTS

All the subjects completed three-day diet recotd® (days in the middle of the week
and one at the weekend) (37), which (the threetdag record) was collected twice during
the study, in the first and last training weekselgy and macronutrients (carbohydrates,
proteins and fat) were quantified by a nutritionigto used the “DietSmart Professional”
software, version 7.7. Macronutrients data wereemded for body mass to reduce the inter-

individual differences.

To maximize muscle anabolic response, all volusteensumed 30 g of a nutritional
supplement (Whey Protein Super Bland concentrgiart&cus Nutrition, Sdo Paulo-Brazil)
containing 24 g of whey protein and 6.4 g of casbbhte immediately after all training

sessions (2).
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BODY COMPOSITION ASSESSMENTS

Total-body dual-energy x-ray absorptiometry (DXAyas performed using a
densitometer plus scanner (GE/Lunar iDXA Corp., Mad, WI, EUA). To minimize
interobserver variations, all scans and analyses werformed by the same evaluator at the
same time of day, and the day-to-day percent aoeffi of variation was 0.5% for the bone-
free lean mass and fat mass. Patients were instruotremove metal objects (e.g., shaps,
belts, underwire bras, jewelry), as well as théioes and wore only light clothes. Body
composition was analyzed using the enCORE 14.0waoft (GE/Lunar iDXA Corp.,
Madison, WI, USA) for the total body. The uppernkuwas defined as the trunk region
minus the android region. More details on the asialpf regional body composition were
described in other study (35). The muscle massxir{ftMI) was calculated dividing the

appendicular muscle mass (fat-free mass of armsegsil by the height in meters squared.

MAXIMUM STRENGTH ASSESSMENT

The lower and upper body strength was quantifiedhle 1RM test, which consisted
of the maximum load that an individual could lifirchg the exercises. Before the 1RM test,
all volunteers reported no exercise other tharvidies of daily living for at least 72 hours.
The 1RM test complied with recognized guidelinessimblished by the American College
of Sports Medicine (26). The subjects performedpacsgic warm-up prior to testing
consisting of loads corresponding ~ 50% of the 1&M 5-10 repetitions were performed.
After the warm-up, the volunteers were allowed éstrfor 1 minute. Afterwards, 3-5
repetitions were performed and the load was ineckdetween 60 to 80% of 1RM. After

doing this exercise, the volunteers rested foreiméutes.
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Running head: Resistance training frequency and muscle hyperyroph 7

Then, the load was adjusted to find the equivalead of one repetition maximum, which
ranged between three and five attempts. The lcatdiths adopted as the maximum load was
the one used for the last part of the exercise west performed with no more than one
repetition by the volunteer. At the end of the gtushly the 1RM of the back squat and the
bench press exercises were reassessed and it eédoudetermine muscle strength gains.
The 1RM back squat was conducted prior to 1RM berelss with a 20 min rest period

separating tests (34). The same qualified fitnestepsional supervised all the 1RM tests.

DELAYED ONSET MUSCLE SORENESS

A visual numeric pain rating scale was used teatedelayed onset muscle soreness
(DOMS) as recommended by The National InitiativeRmin Control (25). All volunteers
self-reported the subjective delayed muscle soeelfesale 0-10) according to the body
segments (chest, elbow flexars, elbow extensoigh thnd calf) the day after (24 hours) the

first and the last RT session.

RESISTANCE TRAINING PROTOCOL

A five—day-a-week (Monday to Friday) regime of tR& protocol (Table 1) was
performed over eight weeks. Both groups perfornveal different volume-equated training
routines (HFRT and LFRT). Both groups performedskfs (except triceps extension and
barbell curl, where 5 sets were performed) per@sey 8-12 repetition maximums with 70-
80 % of 1RM per set and 90 seconds rest recoveryeled sets and exercise in the training
week. However, the LFRT group performed 2 specigistance exercises in each training

session while the HFRT group performed all resistaexercises in each training session

Copyright © National Strength and Conditioning Association
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Running head: Resistance training frequency and muscle hyperyroph 8

(Table 1). The LFRT group performed the RT (lengtie ~31 min) divided according to the
body segments: Monday — shoulder adductors andwelbxtensors, Tuesday — knee
extensors and hip extensors and flexors, Wednesd&pulder extensors and elbow flexors,
Thursday — knee flexors and plantar flexors anddyri— shoulder abductors, lumbar spine
flexors and extensors. The HFRT group performecRihiglength time ~32 min) for all body
segments: Monday to Friday — shoulder adductotsvelextensors, knee extensors, hip
extensors and flexors, shoulder extensors, elb@xofs, knee flexors, plantar flexors,
shoulder abductors, lumbar spine flexors and ertsns'he exercises performed were leg
press 45°, squat, bench press, seated row, hagstiih) barbell curl, tricep extension, lateral
raises, calf standing, abdominal crunch and lovemkloench (Table 1). A warm up session
(one set of 15 repetitions) with ~ 50% of 1RM wamel in each exercise before each RT
session. At the end of the RT sessions, stretcéxegcises were done so that participants
could cool down. During RT, if the volunteer wadeato perform more than 12 repetitions in
the first set of each exercise, the load was aefubetween 5-10% to ensure the repetition
zone between 8 to 12 repetitions and maintain dettive load of 70-80% of 1RM and a

progressive overload.

STATISTICAL ANALYSES

Data distributions were assessed using the D’Agod®earson test. The data are
presented by mean and standard deviation or cordeaterval of 95% (delta values). For
the participant's age and experience, the datgpesented by median and inter-quartile
interval. The student's independent t-test (cootisudata) or Mann — Whitney test (discrete
data) was used to compare the baseline charatefistween the HFRT and LFRT groups.

The Levene test was used to determine equalitaofrnces at baseline.

Copyright © National Strength and Conditioning Association
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Running head: Resistance training frequency and muscle hyperyroph 9

The Mauchley test was used to evaluate the spherRepeated measure ANOVA
was used to determine the effects of the group [LBRd HFRT), time (pre and post), and
interaction of time by group. When an F-test wamisicant, effect size (partial eta-squared)
and observed power was performed to verify theissizdl power of the analysis. The
student's independent t-test was used to compardiffierence in training volume (at weeks
1, 4, 8 and sum of the 8 weeks, for exercise dnekalcises). The statistical significance was

considered at P < 0.05.

RESULTS
There was no difference between the groups comugrithe participants’
characteristics at baseline (Table 2).

Table 2 about here

Adherences to the HFRT and the LFRT were 98% afd, 9&spectively. There were
no differences in dietary measure (carbohydratetepr, fat, and energy) either within- or

between-subjects over the course of the study érapl

Table 3 about here

The changes in fat-free mass (total, trunk, gynleig and MMI) and muscle strength
(bench press and squat) and muscle soreness (D@$)8 weeks of intervention (pre vs.
post) were statistically compared and interprefBide LFRT showed more DOMS than

HFRT at the beginning, middle and end of the st{idble 4).

Table 4 about here

Copyright © National Strength and Conditioning Association
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The HFRT showed a higher total volume than LFRihatbeginning, middle and end of the

study (Table 5).

Table 5 about here

There were significant (P < 0.05) effects for timéat-free mass (total, trunk, gynoid,
leg and MMI) and muscle strength (bench press ajqghty indicating that both the
interventions increase fat-free mass and musaagtin. There was no_ significant interaction
(time vs. groups) in fat-free mass and muscle gtlenndicating that the responses were

similar between the interventions (Table 6).

Table 6 about here

DISCUSSION

This study examined changes in muscle mass andmaasirength after an 8-week
RT in different frequencies (LFRT and HFRT) in wilined subjects. Our results showed
that 8 weeks of HFRT (five days a week) increasesae mass and strength similarly to
LFRT (one day a week) in well-trained subjects. §hHFRT is not more effective than
LFRT in increasing muscle mass and strength in-twalhed subjects when the sets (10-15
sets per week) and intensity (8-12 RM) are equpézdveek.

The few existing studies concerning the RT freqyeeaffect on muscle mass and
strength in well-trained subjects have been limied three-day frequency as HFRT (34,
36). Evidence of different configurations of RTdteency is important to confirm previous
findings or to bring new insight into RT frequenapd muscle mass and strength gains

interaction (12).

Copyright © National Strength and Conditioning Association
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Hence, we investigated the impact of two diffefeatjuencies: HFRT with five days a week
vs. LFRT with one day a week, on muscle strengthsare gains in well-trained men. Even
using higher frequency than those studies (fivahwee times per week), we also did not
observe significant differences between HFRT anBTFor gains in total muscle mass, leg
muscle, hip muscle, upper-trunk muscle, MMI and dbepress and squat strength. Our
results are congruent with those of Thomas and 8(86), who also showed hypertrophy
and strength gains following RT regardless of trggrfrequency in well-trained subjects. In
addition, our findings are also supported by otedies that examined changes in muscle
mass and strength after different RT frequenciesntrained (8) and older (13) subjects.
Moreover, in a pilot study, Ribeiro et al. (2018pwed that four weeks of RT over four-days
(n=5) and six-day frequencies promote similar iases in muscle mass and strength in elite
bodybuilders (29). In contrast, a study reporteat tHFRT was better when compared to
LFRT (34). However, in this study the researcheesasnred three muscles and reported that
HFRT was better in forearm flexor hypertrophy batswiot in extensors and vastus lateralis
(hypertrophic responses were similar between HFRJ 1&FRT) (34). Therefore, it seems
that regardless of the days per week used, diffdreguencies (with sets and intensity
equalized per week) respond in a positive and amfidshion regarding changes in muscle
mass and strength in well-trained subjects.

It is well known that a high RT set number per kv@eoduces greater hypertrophy
gains (21, 31), especially in well-trained subjedts17). In a systematic review and meta-
analysis, Schoenfeld et al. (2017) showed thattgreauscle hypertrophy is achieved by
performing at least 10 sets per week per musclepy(d1l). In the current study, both groups
performed 10-15 sets (15 sets to biceps and tiiqgegrsweek per muscle group. Our finding
showed that 10-15 sets distributed over one wedkR{H five days a week, two-three sets

per day) increase muscle mass and strength siyntiarl0-15 sets performed in one day a

Copyright © National Strength and Conditioning Association
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week (LFRT one day a week, 10-15 sets per day)alt-twained subjects. These findings

suggest that the total number of sets per weekX1@ sets per muscle), but not the total
volume distribution during the week, is importamt muscle mass and strength gains in well-
trained subjects.

We observed that the LFRT group showed more DOMS HFRT at the beginning,
middle and end of the study (Table 4). DOMS hasnbagssociated to exercise-induced
muscular damage (19). Muscular damage has beebustt to mechanical stimulus (i.e.
eccentric contraction), however metabolic stimué.(ischaemia or hypoxia) may exacerbate
the damage from eccentric contractions (19). Algiothe LFRT and HFRT were performed
with similar loads (at 70% of 1RM), the higher gawolume per muscle group (e.qg.
metabolic stimuli) observed in LFRT (~5 times higligan the HFRT) may have contributed
to more DOMS (19). In a recent study, Bartolomeale{2017) showed that an acute bout of
resistance exercise with a higher volume produggsater increase in the metabolic markers
(i.e. cytokine, hormonal and lactate response),cleuswelling (ultrasound measures) and
DOMS and produces greater reduced muscle perfomnérmunter movement jump and
strength) in resistance-trained men (4). Furtheemtire protection against muscle damage
and DOMS due to resistance exercise has beenudttilio the repeated bout effect (19).
Thus, as the HFRT group performed a higher frequéma week of resistance exercise for
all muscle groups xthan the LFRT group (5 vs 1 siiweek), the repeated bout effect may
have contributed to a protective effect against @MVS in the HFRT group. Although
LFRT caused more DOMS levels than HFRT, there weedifference between the groups for
muscle mass and strength gains. Thus, HFRT maw ladternative strategy to LFRT, when
sets and intensity are equated per week, in oalarctease their muscle mass and strength

without causing DOMS in well-trained subjects.
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A dose-response relationship between RT set nunpleensiuscle group per week and
hypertrophy has been reported (31). It has also bbserved that a high daily set number
per muscle group induces a lower repetition nunfber fatigue) in subsequent sets after the
first sets, leading to lower total volume per masgioup per week (18). Therefore, it seems
reasonable to assume that RT with a low daily sehber per muscle group and high
frequency (HFRT) would promote a higher total vodumer muscle group per week and
more muscle mass gains than RT with a high dailynsenber per muscle group and low
frequency (LFRT). Indeed, in the present study HRT group performed a higher total
volume (-13.9%; Table 5) than the LFRT group. Theigresented a small increase of ~1.4 set
per week in the HFRT group when compared to the TLigRoup. However, there was no
significant difference between the groups in musukss and strength gains. These data
suggest that the increased total volume (~1.4 eeimeek) observed in the HFRT was not
sufficient to improve muscle mass and strengthgairwell-trained subjects when compared
to LFRT. Indeed, it has been shown that a smatkase from 10 sets in RT does not cause a
great change in hypertrophic gains (31). In a syate review and meta-analysis,
Schoenfeld et al. (2017) showed that each set pekwnly represents a very small change
in muscle size of 0.37% (31). Thus, increasingRfAefrequency (when the sets and intensity
are equated per week) to avoid the fatigue dueigh tolume of LFRT do not improve
muscle mass and strength gains in HFRT when compareFRT.

We set up the HFRT (five days a week) with two-¢hsets (performed to volitional
failure) per day to equal the set numbers per vggke HFRT group with the set numbers
per week of the LFRT group. It has been observad wihen the RT volume is increased,
acute post-exercise muscle protein synthesis ismized in young men (6). An implication
of this assumption for the current study is thesgmbty that the lack of superiority of HFRT

over LFRT in muscle mass gain was due to low dadining volume (two-three sets in 5-

Copyright © National Strength and Conditioning Association
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day-a-week routine) and, consequently, low musalabalic response. Although previous
findings demonstrated that when given an adequeeilsis (e.g. volitional failure) during a
training session, a low daily set number (£€ sets) per muscle group seems to be enough
to achieve a maximum muscle anabolic response, (B2,714, 22-23, 27-28), these studies
were not performed with well-trained subjects. THusure research is needed to address this
Issue.

In conclusion, our results showed that 10-15 &tk2 RM) distributed over a week
(HFRT; five days a week, two set per day) increasedcle mass and strength similarly to
10-15 (8-12 RM) sets performed in one day a wedkR(L one day a week, 10-15 sets per
day) in well-trained subjects. Therefore, our fimgh suggest a set numberlQ sets) per
week performed to volitional failure (8-12 RM), iead of training frequency, is an
important “stimulus” to promote muscle mass anergjth gains in well-trained subjects
when the sets and intensity are equated per weeus, THFRT and LFRT are similar
overload strategies for promoting muscular adamtaitn well-trained subjects when the sets

and intensity are equated per week.

PRACTICAL APPLICATIONS

Our results suggest that HFRT and LFRT are simdeerload strategies for
promoting muscular adaptation in well-trained satgeThis allows a greater possibility of
manipulation of training frequency without reducithg performance in muscle strength and
mass gains. In addition, the LFRT group showed nidddS than the HFRT group during
the study. Thus, HFRT may be an alternative styategLFRT in order to increase their

muscle mass and strength without DOMS in well-&disubjects.
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Figure Captions

Figure 1 Participant flow diagram
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TABLE 1. Training protocol

GROUPS MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY
Sets Sets Sets Sets Sets
Bench press 10 Squat 5 Seated row 10 Hamstring curl 10 Lateral Raises 5
LFRT Triceps extension 5 Leg press 45° 5 Barbell curl 5 calf standing 10 Abdominal crorsolo 10
Lower back bench 10
Leg press 45° 1 Bench press 2 Hamstring curl 2 Lateraises 1 Calf standing 2
Squat 1 Seated row 2 Bench press 2 Triceps extension 1  Abdominal ctunc 2
Bench press 2  Legpress 45° 1 Seated row 2 arlill curl 1  Lower back benc 2
Seated row 2  Squat 1 Leg press 45° 1 Squat 1 Seated 2
HFRT Hamstring curl 2  Hamstring curl 2 - Squat 1Leg press 45° 1 Hamstring curl 2
Barbell curl 1  Barbell curl 1 Barbell curl 1 Seated row 2 Barbefl cu 1
Triceps extension 1 Triceps extension 1  Triceps extension 1 Benaspr 2 Triceps extension 1
Lateral Raises 1 Lateral Raises 1 Lateral Raises Hamstring curl 2 Lateral Raises 1
Calf standing 2  Calf standing 2  Calf standing 2 Calf standing 2 Leg press 45° 1
Abdominal crunch 2  Abdominal crunch 2  Abdominal crunch 2 Abdominal crunch 2  Squat 1
Lower back bench 2 Lower back bench 2  Lower back bench 2 Lower baehdh 2 Bench press 2
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LFRT - low frequency resistance trainindFRT - high frequency resistance training

Copyright © 2018 National Strength and Conditioning Association



TABLE 2. Participantharacteristics at baseline

VARIABLE LnF:Ri'; ':]F:-lili P

Age (years) 25.5(24.0-26.5) 27.1(25.0 - 28.7) 0.267
Body Mass (kg) 78.2+9.8 78.8+9.9 0.899
Height (cm) 174.0+5.2 176.8+4.1 0.173
Experience (years) 6.0 (4.5-7.0) 7.0 (6.0-8.0) 0.121
Training session time (min) 31.0£05 32.0+0.6 0.0002
1RM squat (kg) 132.9+28.1 123.3+17.5 0.344
1RM squat/body weight (kg) 1.7+0.3 1.6+0.2 0.28%
1RM bench press (kg) 103.5+15.4 100.6 £14.5 0.6%2
1RM bench/body weight 1.3+0.1 1.3+0.2 0.567
(kg)

Muscle mass index (kg/rf) 9.9+1.2 9.7+0.9 0.624
Total fat free mass (kg) 61.1+84 62.1+44 0.722
Fat mass (%) 19.2+6.1 16.5+5.8 0.294
Total fat mass (kg) 14.4+47 13.4+6.2 0.722

LFRT- low frequency. resistance trainifgf-TR - high frequency resistance trainjng
1RM one repetition maximumMI - muscle mass index,
Fest-t (accept Normality - Mean + SD)
Mann — Whitney Test reject normality — Means(P Pys)
* Significant differences between groups P<0.05
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TABLE 3. Dietary intake following 8-week resistancetraining period

HFRT HFRT P P P
baseline post groups moment interaction
Protein (g) 150.6 + 20.0 152.1+17.4 150.1 + 18.7 151.4+15.8 0.979 0.640 0.838
Carbohydrate (g) 263.9 £ 23.7 270.5+27.7 264.6 £ 20.3 270.2 £29.2 0.983 0.342 0.918
Fat (g) 86.2+12.9 88.1+12.8 87.8+154 87.7+123 06.9 0.698 0.683
Energy (kcal) 2434.6 +244.9 2483.4 + 258.8 24525 + 255.7 24F7&2586.1 0.957 0.265 0.703

LFRT — low frequency resistance trainig-TR — high frequency resistance training.

Data presented in mean and standard deviation (xSD)
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TABLE 4. Daley onset muscle soreness

MUSCLE GROUP WEEK 1 WEEK 4 WEEK 8

LFRT HFRT LFRT HFRT LFRT HFRT

CHEST 7.0(4.0-75) 0.8 (0.0-3%0) 5.5 (4.0-7.5) 0.0 (0.0-0%) 5.0 (4.5-7.0) 0.0(0.0—0%5)

ELBOW FLEXORS  4.5(3.0-6.0) 0.2 (0.0-3%0) 4.5(3.0-5.0) 0.0 (0.0—1%) 3.5(3.0-5.0) 0.0(0.0-0'8)

ELBOW EXTENSORS 5.0 (1.5-7.5) 0.0 (0.0-2%0) 3.5 (2.5-6.5) 0.0 (0.0-0%) 4.0 (3.5~ 5.0) 0.0 (0.0 — 0°0)

THIGH 8.0 (9.0-0.0) 2.0(0.6-3%) 7.5(5.5-8.0) 0.0(0.0-0%) 7.0(4.5—8.0) 0.5 (0.0 45)

CALF 8.0(7.0-9.5) 1.0 (0.0-3%0) 4.5(2.0-6.5) 0.0 (0.0-0%0) 5.5 (L5-7.0) 0.0 (0.0 1%0)

LFRT — low frequency resistance trainitgfi-RT — high frequency resistance training,
Data are show in Mean {2~ Fx)
*Significant difference between groups (P<0.001).
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TABLE 5. Weekly volume by muscle group (kg)

Exercices

Groups

Week 1

Week 4

Week 8

Sum week 18&o

Barbell curl

Triceps

extension

Lateral Raises

Bench press

Seated row

Squat

Leg press 45°

Hamstring curl

LFRT

HFRT

A%

LFRT

HFRT

A%

LFRT

HFRT

A%

LFRT

HFRT

A%

LFRT

HFRT

A%

LFRT

HERT

A%

LFRT

HFRT

A%

LFRT

HFRT

A%

1428.7 + 223.7
1856.1 + 3141
23.0
1512.6 +202.3
1740.6 £377.0
131
1230.5+312.8
1350.5 + 248.0
8.8
6472.01 £ 1066.1
8014.72 + 1321*7
19.2
5948.7 £ 1006.8
6773.6 £909.2
121
3739.3 £781.5
4532.7 £ 4544
175
10290.0 £ 1251.8
10853.3 £ 1681.0
51
3308.2 £531.9

4247.2 £ 73272

Copyri g%g )

1546.3 £ 189.8

2029.1 +2349

23.8

1535.6 + 251.7

1970.0 + 348.6

22.0

1324.1 £ 329.0

1522.9 £295.1

13.0

6628.6 + 938.7

8972.6 £1428%

26.1

6306.2 + 838.2

7549.2 + 814.4

16.4

4091.0 £871.9

5319.8 £5311

23.1

10954.5 + 1069.3

12061.6 £ 1929.9

9.1

3722.8 £518.2

4695.18 £ 593#%

1568.7 + 293.6

2068.4 + 27338

24.1

1650.0 +331.0

1909.1 + 505.%

13.5

1381.3 +319.4

1546.9 £292.2

10.7

6733.1 £ 1064.

8639.6 £10891

22.0

2136.6 +1733.1

16007.8 £ 19422

24.1

238D.4 + 1666.7

15139.6 + 2425%

18.2

029B.5 + 2832.14

8880.0 + 24789.7

12.7

52705.9 + 7654.8

66460.2 + 94919

20.7

6392.1 +1088.7 50010.4 +7848.8

7556.3 +817.8

15.4

4344.0 £879.0

5193.45 +1395.24

16.3

11257.58314%

12910.08022

12.8

3753.7 £633.4

5082.6 +568.8

National ggtyngth and Conditiogﬁl% Association

58803.0 + 11329%11

14.9

3263.5 + 7587.5

38558.09 + 5617.9

13.7

84985.0 + 11589.0

93307.1 +16591.4

8.9

87(M.9 £ 3920.5

37251.4 £ 40719

22.9



LFRT 6497.5 £ 2045.7 8450.8 + 2816.6 9312.5+1054. 68762.1 + 13908.4
Calf standing
HFRT 7649.2 £1378.2 9393.2 £1613.4 9797.4 £ 1303. 70122.7 + 11657.5
A% 15.0 10.0 4.9 11.7
Total Volume LFRT 41168.5 + 4067.8 45664.9 + 6594.9 46910.1 6479 353243.5 + 42255.3

HFRT  46644.5+4920°0 52985.1 +3661%6 53194.0+4659%6 410652.9 £51940%

A% 11.7 13.8 11.8 13.9

HFRT — high frequency resistance trainind;RT — low frequency resistance training,
A % - post value minus baseline value/ baseline value.

Data presented in mean and standard deviation (zSD)

*Significant difference between groups (P<0.05).
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TABLE 6. Body composition and muscle strength folling 8-week resistance training period

VARIABLE LFRT LFRT ALFTR HFRT HFRT AHFRT Averr-ALerr P P EtA Power P
baseline pOSt baseline pOSt groups moment interaction
FFM-total (kg) 611284 61782 05(00-L1) 622:t44 062425 08(00-16) 02(18-99) 0689000 030 082 0619
FFM-trunk (kg) 277+42  278+40 01(-02-05 283+14 892136 05(-01-10) 03(03-09) 0520067 016 048 0.301
FFM-android (kg) 39+05 39406 -00(-01-01) 40+03 #0025 00(-01-01) 01(01-01) 0761 60.9 000 005 0.639

FFM-upper trunk (kg) ~ 23.7+3.6  23.8+35 0.1(02-05) 24313 .82413 0.4(0.0-08)  0.2(0.3-0.8) 0493 460 019 055 0.292

FFM-gynoid (kg) 95+1.3 9.7+15 02(0.1-04) 9.6+0.7 99% 03(02-04) 01(-01-02) 0.790 <0.000.63 1.00 0.586
FFM-leg (kg) 206+27 21.1+29 04(02-07) 207+25 .12423 04(0.0-07) -01(-05-03) 0.944 .00 047 098 0.671
FFM-arm (kg) 9.4+1.6 93+16 00(02-02) 95+1.0 951 00(02-02) 0.0(-0.3-03) 0.787 0.71M.00 0.05 0.890
MMI (kg/m 2) 9.9 +1.2 100+12 01(0.1-02) 97.7+09 H®BS  0.1(0.0-02) -01(-02-0.1) 0.607 0.010.28 0.77 0.842

1RM squat (kg) 132.9+28.0 1409+255 8.0(2.7-13.2) 123135 1353+22.2 12.0(5.1-18.1) 4.0(-4.0-012.0.448 <0.001 0.58 1.00 0.312

1RM bench press (kg) 103.5+15.4 109.1+185 56 (1.9-9.4) 100.8151 1103+12.1 9.7 (4.6—14.9) 4.1(-1.8-9.9).896 <0.001 056 1.00 0.168

HFRT — high frequency resistance training;RT — low frequency resistance trainirig;M — fat free mas$;FM-upper trunk — trunk minus android,
MMI — muscle mass indeXRM — one maximum repetition, (delta) — post value minus baseline valbugrrr-A rrT — Difference between delta HFRT and delta LFRT.

Data presented in mean and standard deviation (a80P5% Confidence interval for mean.
*Significant difference between groups (P<0.05).
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t - o spos1s
: Enrollment ! Assessed for eligibility (27)
N e e e e e e e I
Excluded
» o Declined to participate
(n=1)
v
Randomized (n = 26)
v
S . ‘, Allocated to intervention LFRT Allocated to intervention HFRT
Allocation . _
N e e . (n=13) =13)
e - Duration 8 weeks Duration 8 weeks
Follow-Up : 5 times a week 5 times a week
———————————————— ! Discontinued (n = 1) Discontinued (n=2)
-1 (Personal reasons) - 2 (Personal reasons)
e . \4 A4
Analysis i Analysed (n=12) Analysed (n=11)
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