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Abstract

This randomized controlled trial investigated the impact of different resistance training (RT) frequencies (2, 3, or
4 days/week) on muscular strength, body composition, and anthropometric measures in untrained young men.
Training volume and intensity were matched across groups. Over an 8-week period, 41 previously untrained
male university students and staff (aged 18-35 years; BMI 18.5-24.9 kg/m®) participated. Participants were
randomly assigned to one of three training groups (2, 3, or 4 sessions per week) or to a control group. All
training groups completed 12 sets per exercise per week, with intensity individualized based on one-repetition
maximum (1RM) using a Daily Undulating Periodization (DUP) model. Key outcome measures included
muscular strength (IRM in the barbell chest press, barbell row, Smith machine squat, and hip thrust), body
composition (body weight (BW), fat-free mass (FFM), and body fat percentage (%Fat) assessed via bioelectrical
impedance analysis (BIA)), and anthropometric measures (chest, upper-arm, and thigh circumferences). All
variables were assessed before and after the training period. Data analysis involved paired-sample t-tests to
evaluate within-group changes and an analysis of covariance (ANCOVA) to compare between-group
differences, with baseline values entered as covariates. Results indicated that all training groups demonstrated
statistically significant improvements in muscular strength (1RM across all exercises), body circumferences, and
FFM following the intervention (p < 0.05 for all, with large effect sizes). Post-hoc analyses showed that all three
training groups achieved significantly greater improvements in the measured variables compared with the non-
training control group (p < 0.05 for all). However, no significant differences were observed among the 2-, 3-, and
4-day training groups for any outcome (muscular strength, body circumferences, or FFM). These findings
suggest that when total weekly volume and relative intensity are matched, RT performed 2, 3, or 4 days/week
produces comparable gains in strength, body composition, and anthropometric measures in previously untrained
young men.
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Introduction

Resistance training (RT) is a key form of anaerobic exercise that effectively improves physical fitness,
particularly muscular strength, power, and size, while also improving body composition (ACSM, 2018;
Schoenfeld, 2010). It is widely practiced and extensively studied owing to its broad benefits, which include
improving appearance, balancing body proportions, reducing fat mass, increasing bone and muscle mass,
increasing resting metabolic rate, and aiding in weight management. RT has also been shown to improve
physical performance in both athletes and non-athletes (Hong & Kim, 2018). Studies suggest that performing RT
more than once per week can increase both muscular strength and size (Schoenfeld et al., 2016). The American
College of Sports Medicine (ACSM, 2018) recommends that healthy adults perform RT at least 2-3 days/week
to gain physiological benefits. However, participation rates remain low. Even in countries with strong exercise
promotion, such as the United States, fewer than one-third of adults engage in RT on a regular basis (Paluch et
al., 2024).

Effective muscle training initially increases strength primarily through neural adaptations. With
continued training, muscle mass gradually increases, becoming a major contributor to further strength gains.
Among highly trained or elite athletes, neural adaptations eventually plateau, resulting in minimal additional
gains unless new training stimuli are introduced (Hughes et al., 2018). In untrained individuals, however, the
progression of these adaptations is less well understood. Studies suggest that measurable muscle hypertrophy
typically emerges after at least four weeks of consistent training (Rhea et al., 2002).

The effectiveness of RT is influenced by several factors, including training volume (the number of sets,
repetitions, and load) and training frequency (how often each muscle group is trained per week) (Wernbom et al.,
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2007; *Schoenfeld et al., 2019). Although training volume is often considered the primary determinant of
adaptations, training frequency is also important and has received considerable research attention because it
directly affects the time commitment required—an essential factor for maintaining consistency in both novice
and experienced trainees.

Research on the effects of RT on muscle strength and size is extensive but remains inconclusive. Many
earlier studies examined scenarios in which total training volume was carefully matched (Moesgaard et al.,
2022). In these volume-matched studies, some reported that higher training frequencies (e.g., 3—4 sessions per
week) produced greater improvements (Grgic, 2018; McLeod et al., 2024; Schoenfeld et al., 2016), whereas
others found no significant differences based on frequency (Kessinger et al., 2020; Cuthbert et al., 2021;
Hamarsland et al., 2022; Neves et al., 2022). Similar inconsistencies are observed in studies involving untrained
participants: some suggest that higher frequency yields superior results (Cigerci & Genc, 2020), while others
report no meaningful effect when volume is controlled (Hansen et al., 2017; Schoenfeld, 2019; Zaroni, 2019).
These conflicting findings indicate that study design may influence outcomes because volume-matched protocols
could obscure the true effects of training frequency.

Beyond controlling for training volume, researchers can also standardize training frequency and
intensity using an equal-set, intensity-matched design. In this approach, all groups perform the same total
number of sets at the same relative intensity—often using a percentage of one-repetition maximum (1RM). This
allows comparison of protocols such as fewer sets at higher frequency (e.g., 3 sets per session, 4 sessions per
week) versus more sets at lower frequency (e.g., 6 sets per session, 2 sessions per week), with intensity held
constant (e.g., 70% 1RM) (Arazi et al., 2021). The main advantage of this approach is that it enables researchers
to assess how varying set numbers and training frequencies affect physical gains, thereby identifying the most
effective strategy for beginners or individuals new to resistance training.

Therefore, this study investigates the effects of different RT frequencies (2, 3, or 4 days/week) using an
equal-set, intensity-matched design in untrained young male adults. Specifically, it assesses how training
frequency influences muscular strength (1IRM in the barbell chest press, barbell row, Smith machine squat, and
hip thrust), body composition (body weight (BW), body fat percentage (%Fat), and fat-free mass (FFM)), and
anthropometric measures (chest, upper arms, and thighs). This design addresses a gap in the existing literature,
which provides limited data on the effects of training frequency in this population.

Materials and methods
Study design

This study used an 8-week randomized controlled trial (RCT) design and was approved by the
University of Phayao Human Experimental Ethics Committee (Project No. UP-HEC 1.3/023/64). Sample size
calculations were performed using G*Power 3.1 Assuming a medium effect size (ES) = 0.6 for muscular
strength estimate based on the reported an effect size greater than 0.8 for strength improvements when training
occurred at least twice per week (Cigerci et al., 2018) with 80% power and a significance level of 0.05, the
analysis indicated that 35 participants would be required to detect a statistically significant effect. To account for
potential dropouts, the sample size was increased to 48 participants, with 12 individuals assigned to each group.
Participants were randomly assigned to one of four groups using a simple randomization procedure, such as
drawing sealed opaque envelopes. The groups were: Experimental Group 1, performing RT two days/week;
Experimental Group 2, training three days/week; Experimental Group 3, training four days/week; and a Control
Group, which received no specific intervention.
Participants

Participants were recruited from male students and staff volunteers at the University of Phayao.
Inclusion criteria were: age 1835 years, selected to minimize the influence of hormonal changes on muscle
hypertrophy, which typically decline after age 35 (Tan et al., 2023); a body mass index (BMI) of 18.5-24.9
kg/m’, chosen to ensure homogeneous hypertrophic responses and represent a healthy weight range (Tan et al.,
2023); and no RT experience in the previous six months (Lasevicius et al., 2022). Exclusion criteria included any
health conditions or illnesses that could compromise safe participation or hinder compliance with the study
protocol; a history of heart disease or severe hypertension (blood pressure >180/100 mmHg); and current use of
medications or substances known to influence muscle growth or metabolism. All volunteers completed a
comprehensive health history questionnaire to screen for pre-existing conditions. Eligible participants were
required to provide written informed consent prior to voluntarily joining the study.
Intervention

Participants in the intervention groups completed an 8-week (Cigerci et al., 2018; Chaves et al., 2020)
supervised RT program at the fitness center of the Department of Exercise Science and Sport, University of
Phayao. Training sessions were performed in a temperature-controlled environment, maintained between 25°C
and 27°C.

The experimental period lasted 11 weeks: Week 1 served as the pre-test (baseline); Week 2 involved
familiarization with the training program; Weeks 3—10 comprised the 8-week intervention; and Week 11 was the
post-test period. Each 4-week block was treated as a mesocycle. The 1RM test was performed during the pre-
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intervention period and at the start of each new mesocycle to individualize training loads. This program was
designed to ensure that all groups received an equivalent training stimulus, with equal intensity (based on a
percentage of each participant's 1RM) and an equal number of sets (equal sets) for each exercise per week. This
approach differs from protocols that control for "total volume load," which equalize the overall weight lifted
across groups. Instead, it accounts for individual differences in strength and prior training experience, which is
critical for designing effective, practically implementable programs that support long-term adherence,
particularly in untrained populations. RT program design involves key variables—intensity, volume, and
progression—all of which should be tailored to each individual (Schoenfeld, 2016). In this study, intensity was
held constant throughout each mesocycle, with exercises including barbell chest press (pectoralis), barbell row
(latissimus dorsi), bicep curl (biceps), cable push down (triceps), Smith machine squat (quadriceps), and hip
thrust (gluteus). The exercise intervention involved 12 sets per exercise each week, totaling 96 sets per exercise
across 8 weeks for all experimental groups.

Each experimental group followed daily undulating periodization (DUP), which involves daily
variations in volume and intensity (Rhea et al., 2002) for all assigned exercises. All weight training sessions
were separated by at least 48 h of recovery, except in the 4-day training group, where one session had a recovery
interval shorter than 48 h but not less than 24 h. Experimental Group 1 (2 days/week): Participants followed an
Intra-Session Undulating Periodization (IUP) model, in which intensity and volume varied within the same
training session. Each training day consisted of six sets per exercise, totaling 12 sets per exercise per week. On
Training Day 1, sets were structured as 8—10 RM (Sets 1-2), 6-8 RM (Sets 3—4), and 4—6 RM (Sets 5-6). On
Training Day 2, the sequence shifted to 10-12 RM (Sets 1-2), 8-10 RM (Sets 3—4), and 6-8 RM (Sets 5-6).
Experimental Group 2 (3 days/week): This group followed a DUP model, performing four sets per day for a
total of 12 sets per exercise per week. Each training day emphasized a specific RM range for all sets: 810 RM
on Training Day 1, 4-6 RM on Training Day 2, and 10-12 RM on Training Day 3. Experimental Group 3 (4
days/week): This group also followed a DUP model, performing three sets per day for a total of 12 sets per
exercise per week. The program rotated RM ranges across the four sessions: 810 RM on Training Day 1, 10-12
RM on Training Day 2, 4-6 RM on Training Day 3, and 8-10 RM on Training Day 4. These RM ranges
corresponded to varying percentages of 1RM daily, ensuring equal intensity across groups. Each set was
performed to momentary concentric muscular failure. A 90-s rest interval was given between sets and a 180-s
rest interval between exercises. The external load (kg) was adjusted as needed for each set to ensure participants
reached failure within the target repetition range. Before the first set of each exercise, participants performed a
warm-up of 2 sets of 10 repetitions at 50% of the working load (Corréa, 2022).

Participants were instructed to maintain their usual daily routines, refrain from taking supplements
during the study, and follow their customary dietary intake.

Control Group: Participants in the control group maintained their usual daily activities without
engaging in any structured exercise program.

Testing

All testing was performed during the pre-intervention period (Week 1). Prior to testing, participants
were instructed to maintain their usual daily routines and to refrain from strenuous physical activity, alcohol
consumption, and smoking for at least 48 h (van den Tillaar & Ball, 2020). They were also asked to avoid food
and beverages for at least 2 h before performing the physical fitness tests.

1) IRM Test: The 1RM test was performed over two separate days to minimize participant fatigue and
ensure measurement reliability. One week prior to the initial test, familiarization sessions were held, especially
for participants with no prior RT experience. These sessions allowed participants to practice the test exercises,
refine their technique, and learn to exert maximal force to ensure accurate 1RM measurements. Participants were
also instructed to avoid intense exercise for at least 48 h before each testing day. On Day 1, participants were
tested on the barbell chest press, Smith machine squat, and cable push-down, while Day 2 assessments included
the barbell row, bicep curl, and hip thrust. Each testing day began with a 15-min warm-up, consisting of 5 min of
treadmill jogging followed by 10 min of dynamic stretching for both the upper and lower body. This was
followed by specific warm-up sets: one set of 8—10 repetitions at 50% of the estimated 1RM and one set of 23
repetitions at 60-80% of the estimated IRM. For the 1RM determination, participants performed successive
attempts with progressively heavier loads, resting 3—5 min between attempts, all IRM determinations were made
within five attempts (Mao, 2023). To further ensure the robustness of the data, each exercise was tested twice,
with the second measurement performed 48 h after the initial test for that specific exercise, and the final 1RM
value was determined by averaging both test results (Grgic et al., 2020; Johnsen & van den Tillaar, 2021).

2) Body Composition: BW, %Fat, and FFM were assessed using bioelectrical impedance analysis (BIA)
with the ACCUNIQ BC380 device (Yang et al., 2018). Participants wore standardized light clothing without
accessories, jewelry, shoes, or socks. Measurements were consistently taken in the morning, prior to consuming
food or beverages and after voiding.

3) Anthropometric Measures (Resting Body Circumference): Body circumferences were measured with
a metric tape accurate to 1 mm (Staniszewski et al., 2020). To minimize measurement error (kept below a 2%
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margin), all assessments were performed by the same trained assessor (Wang et al., 2000; Staniszewski et al.,
2020). The following sites were measured:

- Upper arms (left and right): Measured at the mid-biceps, halfway between the acromion and
olecranon processes.

- Chest: Measured at maximal exhalation.

- Thighs (left and right): Measured at mid-thigh, halfway between the inguinal crease and the
superior patella.
Ethics Approval

This study was approved by the University of Phayao Human Experimental Ethics Committee,
Thailand, in accordance with the Declaration of Helsinki, Project No. UP-HEC 1.3/023/64.

Statistical Analysis

All statistical analyses were performed using SPSS (Version 26.0). Data normality was assessed using
the Kolmogorov—Smirnov test. Descriptive statistics for participant characteristics (age, height, and weight) are
reported as mean + standard deviation (SD). To examine baseline differences between groups for all physical
performance measures including body composition, body circumferences, and 1RM in the barbell chest press,
barbell row, Smith machine squat, and hip thrust one-way analysis of variance (ANOVA) was performed. The
primary analysis to compare the effects of the interventions between groups after 8 weeks was performed using
analysis of covariance (ANCOVA). This approach allowed post-intervention values of the dependent variables
including 1RM in the barbell chest press, barbell row, Smith machine squat, and hip thrust, as well as body
composition and body circumferences to be compared while adjusting for baseline values as covariates. When
ANCOVA revealed significant main effects, post-hoc comparisons were performed using the Bonferroni
correction to identify specific between-group differences.

Additionally, to quantify the magnitude of change in each group, percentage changes from baseline to
post-intervention were calculated using the formula: ((Mean after eight weeks of intervention — Mean at
baseline) / Mean at baseline) x 100. The practical significance of within-group changes was quantified using
Cohen's dz, calculated as D / SD (D), where D is the mean of the difference scores and SD (D) is the standard
deviation of the differences. Cohen's dz values were interpreted according to Cohen's (1988) guidelines: 0.2
represents a small effect, 0.5 a medium effect, and 0.8 a large effect.

Results
Participants and Intervention

The study began with 48 volunteer participants in the first week, who were randomly assigned to four
experimental groups and one control group. Each experimental group completed 8 weeks of weight training
according to their prescribed protocol, while the control group continued their usual daily routines without any
exercise intervention. At the end of the 8-week period, 41 participants remained, including 31 from the
experimental group and 10 from the control group. Data on age, weight, and height for these 41 participants,
collected during testing in the first week, are presented in Table 1.
Table 1. Participant characteristics at baseline

2 days weight (n = 3 days weight (n = 4 days weight (n = Control (n=10)

Variable 10) 10) 11)
Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Age (years) 20 +.00 21.60 +1.27 21.07 + .47 20.50 +.52
Height (cm) 173.801  £4.470 172700 £5620  171.09" +£554 170.40"  £4.03
Weight (kg) 6590  +6.27 66.610  +8.71 65550  +7.25 65.66")  +8.81

= no statistically significant difference between groups as determined by ANOVA

Impact of Weight Training on Body Composition

Weight training produced direct effects on BW and FFM, while no significant changes were observed in
%Fat. Results from paired-sample t-tests demonstrated a significant increase in BW and FFM across all
experimental groups after the 8-week intervention, as shown in Table 2. BW: 2 Days/week Training Group;
baseline (65.90 £ 6.27) to post-test (66.68 + 5.85), #(9) = 2.607, p < .05, d = .82); 3 Days/week Training Group;,
baseline (66.61+ 8.26) to post-test (67.36 + 8.97), #9) = 2.583, p < .05, d = .81; 4 Days/week Training Group;,
baseline (65.55 = 7.25) to post-test (66.28 + 6.74), #(10) = 3.172, p < .05, d = .95. FFM: 2 Days/week Training
Group; baseline (53.36 + 4.91) to post-test (54.14 + 5.08), #(9) = 4.949, p < .05, d = 1.56); 3 Days/week Training
Group; baseline (53.54 £+ 5.37) to post-test (54.30 = 6.13), #(9) = 2.305, p < .05, d = .73; 4 Days/week Training
Group; baseline (52.30 + 6.07) to post-test (53.01x 5.98), #(10) = 3.479, p < .05, d = .1.05. No significant
differences were observed in the control group for FFM.

ANCOVA revealed no significant differences in BW and %Fat between the experimental and control
groups. However, after adjusting for baseline values of FFM, ANCOVA indicated a significant between-group
effect (F(3,36) = 2.998, p < .05, #°p = .200). Post-hoc comparisons showed that, after the 8-week intervention,
FFM was significantly higher in all training groups compared with the control group (all p < .05). No significant
differences in FFM were observed among the training groups themselves (Table 3).
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Table 2. Within-group comparisons of body composition, body circumferences, and muscle strength (1 RM)

2 days/week 3 days/ week 4 days/ week Control

Variable BL 8 % BL 8 % BL 8 % BL 8 %

weeks  Change weeks  Change weeks  Change weeks  Change
@) () () @)

BC

ngm is 90 6668 1.18* 26'61 6736  1.13* 25 S5 6628 L1I* is 66 6599 50
607 £585 (82 s 897 (8D) 705 E6T4 (93 cgl 870 (29

() i3'36 54.14  1.46* i3'54 5430  1.42% i2'30 53.01  1.36% i3'14 5311  —06
1o]  E508  (156) s37 613 (73) co7  E598 (103 S50 551 (23

0,

solees 5'47 1343 -29 f'go 1576 .25 i3'94 1397 22 f 83 1605 139
o3 £321 (04) 33 £339 0 (03) S5y E5SL (02 aga  E4T3(30)

Circumference (cm)

Otz :8:5'28 9138 351% 270 9647 397 i9'79 9330 391% 9230 995 7
uos  E370 (173 sg3 865 (97) w0l £397 (269 55y 521 (60)

Erflfer I i&lg 2901  2.91* i9'64 3073 3.68%* i9'56 30.17  2.06% i&% 29.02 21
oo E200 (88) 55y  E266  (210) 303 £302 (82 5g9  £290 (56

ggﬁf;m 18'56 2920  2.24% 19'72 30.77  3.53%* 19'91 30.55  2.14%* 19’“ 29.02 3.1
S5 188 (73 S0 24T (240 s 284 (1.66) g0 1285 (66)

Left thigh i3'56 5381  .46* i4'90 5534 .80%* i4'52 5490  .70%* i4'45 5444 02
33 2337 (152 oy E288 (248 157 E454 (288 sg0 678 (07)

E‘igg?l‘ iz.gz 5333 77+ 15'60 5598  .68%* is 05 5546 74m i5'13 5512 —01
Sug 257 (237) 305 315 (209 109 406 (243 Toa  ETIL(07)

Muscle

strength

LI 48.97 51.69  56.88 50.94 4791

barbell o 5326  8.76% T o 1004+ 2% 5489 775% T 4744  —0.10

chest s 15 (99 043 117 (29D g £618 (242 c76 725 (10)

press (kg)

IRM

lc’ﬁg;te” 7479 822% 78 .84 7.69%% 78 83 641% 73 T2 -1.37

ress E13 =19 (8D +13 +£.14 (293 +08 +£.08 (187 +11  +£.12 (19

BW

éiﬁ I 14'25 5080  14.80% 074 s4y3 s5gpas f = i2'33 15.34%% 18’73 18'96 0.47

wrls) Gde  Cowd (@) g9 935 (218 995 1121 (77 1081 1066 3D

g:fﬁen 67 76 13.43% 71 81 14.08%* .69 80 15.94%% 74 74 0

o Rw  E07 £19 (192 +13  +£72  (1.90) +.13  +£.141  (2.29 +.11  +.11 (03

IRM 6178 8117  31.38*  63.86 8375  31.15% 5374 7438  3841** 5778 5887  1.89

Smith + + (1.43) + + (1.73) + + (3.06) + + (.80)

machine 1541 13.88 1346  10.11 10.00 13.08 1033 10.03

squat (kg)

IRM 93 123 3226% 95 126  32.63* .83 113 36.11% 89 90 1.12

Smith +18 +23 (132 +11 +£.17 (142 +18 +£24 (292 +.19 £.19 (6]

machine

squat  /

BW

IRM hip 6121 6893  12.61*  60.14 6838 13.70** 60.07 6850 14.03** 6034 6036 .03

thrust & +£6.76  (1.62) " £830 (2.11) " £630 (2.11) + + (07)

(kg) 6.77 8.60 8.56 1039 1031

Hip thrust .93 1.04  11.83* 91 102 12.09%% .92 1.04  13.04% 92 92 0

/BW £10 +£.09 (143 +10 +£.09 (L68) +11 +.12  (147) +12 £.13 (15

BL = baseline; 8 weeks = after 8 weeks of intervention; %Change = percentage change from baseline to post-
intervention ((post-intervention — baseline) x 100 / baseline); pre (baseline) vs. post (after 8 weeks of
intervention); d = Cohen's d; BC = body composition; FFM = fat-free mass; * p <.05; ** p <.001; BW = body

weight (kg)
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Body Circumference Increases Significantly with Weight Training

Paired-sample analyses showed a significant increase in chest circumference, upper arm circumference
(left and right), and thigh circumference (left and right) across all experimental groups: Chest: 2 Days/week
Training Group; baseline (88.28 + 4.24) to post-test (91.38 £ 3.70), t(9) = 5.484, p < .001, d = .1.73; 3
Days/week Training Group; baseline (92.79 + 5.83) to post-test (96.47 £ 8.65), t(9) = 3.055, p<.05,d = .97; 4
Days/week Training Group; baseline (89.79 + 4.01) to post-test (93.30 + 3.97), t(10) = 8.940, p <.001, d = .2.69.
Upper left arm: 2 Days/week Training Group; (28.19 £ 2.20) to post-test (29.01 + 2.00), t(9) = 2.768, p < .05, d
= .88; 3 Days/week Training Group; (29.64 + 2.54) to post-test (30.73 £ 2.66), t(9) = 6.635, p <.001, d=2.10; 4
Days/week Training Group; (29.56 £ 3.03) to post-test (30.17 £ 3.02), t(10) = 2.726, p < .05, d = .82. Upper
right arm: 2 Days/week Training Group; baseline (28.56 + 2.15) to post-test (29.20 + 1.88), t(9) = 2.384, p <
.05, d =.75; 3 Days/week Training Group; 29.72 + 2.60) to post-test (30.77 + 2.47), t(9) = 7.584, p < .001, d =
2.40; 4 Days/week Training Group; baseline (29.91 + 3.13) to post-test (30.55 + 2.84), t(10) = 5.513, p<.001, d
= 1.66. Left thigh: 2 Days/week Training Group; baseline (53.56 + 3.34) to post-test (53.81 = 3.37), t(9 ) =
4.792, p < .05, d = 1.52; 3 Days/week Training Group; baseline (54.90 £ 2.92) to post-test (55.34 + 2.88), t(9 ) =
7.833, p < .05, d = 2.48; 4 Days/week Training Group; baseline (54.52 + 4.57) to post-test (54.90 + 4.54), t(10)
= 9.536, p < .001, d = 2.88. Right thigh: 2 Days/week Training Group; baseline (52.92 + 2.48) to post-test
(53.33 £2.57),t(9) = 7.499, p < .001, d = 2.37; 3 Days/week Training Group; baseline (55.60 + 3.05) to post-test
(55.98 £3.15), t(9) = 6.626, p < .001, d = 2.09; 4 Days/week Training Group; baseline (55.05 + 4.09) to post-test
(55.46 + 4.06), t(10) = 8.057, p < .001, d = 2.43 (Table 2). No significant changes were observed in the control
group.

ANCOVA was used to compare training effects among the experimental groups, adjusting for pre-
training body circumference values. The results showed that all weight training groups exhibited significantly
greater increases in body measurements compared to the control group, with the exception of the Upper Left
Arm circumference in the 2 and 4 days/week training groups, which did not differ significantly from the control
group. Furthermore, no significant differences were observed among the three exercise groups. The ANCOVA
results were as follows. Chest circumference: F(3, 36) = 4.121, p < .05, n’p = .256. Upper left arm
circumference: F(3, 36) = 4.430, p < .05, nzp =.270. Upper right arm circumference: F(3, 36) = 10.406, p <
001, W’p = .464. Left thigh circumference: F(3, 36) = 14.861, p < .001, n’p = .553. Right thigh
circumference: F(3, 36) = 16.246, p < .001, n’p = .575. Detailed results are presented in Table 3.

Weight Training Directly Improves Muscle Strength

All experimental groups showed statistically significant increases in 1RM barbell chest press (kg), IRM
barbell chest press / BW, 1RM barbell row (kg), IRM barbell row / BW, 1RM Smith machine squat (kg), IRM
Smith machine squat / BW, hip thrust (kg), and hip thrust / BW. 1RM Barbell Chest Press (kg): 2 Days/week
Training Group; Baseline (48.97 + 11.23) to post-test (53.26 + 15), #(9) = 2.973, p < .05, d = .94); 3 Days/week
Training Group; Baseline (51.69 = 10.43) to post-test (56.88 + 11.87), #(9) = 7.643, p < .001, d = 2.42; 4
Days/week Training Group: Baseline (50.94 £ 6.18) to post-test (54.89 + 6.18), #10) = 8.008, p < .001, d =
2.42). 1IRM Barbell Chest Press / BW: 2 Days/week Training Group: Baseline (0.74 + 0.13) to post-test (0.79 £
0.19), #(9) = 2.567, p < .05, d = .81; 3 Days/week Training Group: Baseline (0.78 + 0.13) to post-test (0.84 £
0.14), #(9) =9.279, p < .001, d = 2.93; 4 Days/week Training Group: Baseline (0.78 = 0.08) to post-test (0.83 £
0.08), #(10) = 6.212, p < .001, d = 1.87. 1RM Barbell Row (kg): 2 Days/week Training Group: Baseline (44.25
+ 6.48) to post-test (50.80 = 6.98), #9) = 6.774, p < .001, d = 2.14); 3 Days/week Training Group: Baseline
(46.74 £ 8.49) to post-test (54.13 = 9.55), #(9) = 6.895, p < .001, d = 2.18; 4 Days/week Training Group:
Baseline (45.37 £ 9.95) to post-test (52.33 + 11.21), #10) = 9.209, p < .001, d = 2.77. IRMBarbell Row / BW:
2 Days/week Training Group: Baseline (0.67 + 0.07) to post-test (0.76 = 0.19), #(9) = 6.068, p <.001,d=1.92; 3
Days/week Training Group: Baseline (0.71 £ 0.13) to post-test (0.81 £ 0.72), #(9) = 6.016, p <.001, d = 1.90; 4
Days/week Training Group: Baseline (0.69 + 0.13) to post-test (0.80 + 0.141), #10) = 7.611, p <.001, d = 2.29.
1RMSmith Machine Squat (kg): 2 Days/week Training Group: Baseline (61.78 £ 15.41) to post-test (81.17 =
13.88), #(9) =4.507, p < .05, d = 1.43; 3 Days/week Training Group: Baseline (63.86 £ 13.46) to post-test (83.75
+ 10.11), #(9) = 5.481, p < .001, d = 1.73; 4 Days/week Training Group: Baseline (53.74 = 10.00) to post-test
(74.38 £ 13.08), #10) = 10.139, p < .001, d = 3.06. IRMSmith Machine Squat / BW: 2 Days/week Training
Group: Baseline (0.93 + 0.18) to post-test (1.23 + 0.23), #9) = 4.167, p < .05, d = 1.32; 3 Days/week Training
Group: Baseline (0.95 + 0.11) to post-test (1.26 + 0.17), #9) = 4.494, p < .05, d = 1.42; 4 Days/week Training
Group: Baseline (0.83 + 0.18) to post-test (1.13 £ 0.24), #10) = 9.682, p < .001, d = 2.92. 1RM Hip Thrust
(kg): 2 Days/week Training Group: Baseline (61.21 £ 6.77) to post-test (68.93 + 6.76), #9) = 5.136, p < .05, d =
1.62; 3 Days/week Training Group: Baseline (60.14 £ 8.60) to post-test (68.38 £ 8.30), #(9) = 6.676, p < .001, d
= 2.11; 4 Days/week Training Group: Baseline (60.07 = 8.56) to post-test (68.50 = 6.30), #(10) = 6.520, p < .001,
d=2.11. Hip Thrust / BW: 2 Days/week Training Group: Baseline (0.93 + 0.10) to post-test (1.04 = 0.09), #(9) =
2.567, p < .05, d = 1.43; 3 Days/week Training Group: Baseline (0.91 + 0.10) to post-test (1.02 + 0.09), #9) =
9.279, p < .001, d = 1.68; 4 Days/week Training Group: Baseline (0.92 £ 0.11) to post-test (1.04 + 0.12), (10) =
6.212, p < .05, d = 1.47 (Table 2). No significant changes in any 1RM measures were observed in the control

group.
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ANCOVA, adjusted for baseline 1RM, indicated a statistically significant difference between at least
one group for all muscle strength variables. Barbell Chest Press: F(3,36) = 6.030, p < .05, #°p = 0.302. Barbell
Row: F(3,36) = 16.771, p < .001, #°p = .583. Smith Machine Squat: F (3,36) = 12.817, p < .001, °p = .516.
Hip Thrust: F(3,36) = 13.227, p < .001, #°p = .524. Post-hoc analysis with Bonferroni correction showed that
all three RT frequencies (2, 3, and 4 days/week) produced significant improvements in 1RM muscle strength
across all exercises when compared to the non-training control group. However, no statistically significant
differences were detected among the three training groups.

Table3. Intergroup comparisons of body composition, body circumferences, and muscle strength (1 RM)

ANCOVA
2 days/week 3 days/week 4 days/week Control
Variabl iat
ariable  covariate  —g T 05% Mean (95% Mean (95% Mean (95% CI)  F %,
() () (6)))
BC
Weight (kg) 66.70  (66.1; 66.68 (66.07; 66.64 (66.07, 6625 (65.64;
6592 67.31) 67.29) 67.22) 66.86) S17 04l
FFM (kg) 53.83  (53.41; 53.80 (53.38; 53.79 (53.39; 53.09 (52.66; .
53.06 5425)@ 54.23)@ 5420) @ 53.51) V@O 2.998 200
% Fat 14.62 (13.91; 1476 (14.09; 1473 (14.05; 15.03 (14.31;
14.74 15.34) 15.48) 15.41) 15.74) 233 019
Circumference (cm)
Chest 94.02 (92.52; 94.23 (92.84; 9433 (92.95; 91.32 (89.86; .
Ay 95.51)@ 95.80)@ 95.72) @ 92.79) (M@ oL Ze19
Upper left 29.89 (29.46; 3021 (29.78; 29.73 (29.33; 29.15 (28.73; .
arm 2R 30.12) 30.63)@ 30.14) 29.58)@ el 2
Upper right 2992 (29.61; 3042 (30.11; 30.02 (29.72; 29.23 (28.92; x
arm IR 30.23)@ 30.73)@ 30.31)@ 29.54) (W@E) o it
Left thigh 5461 (54.51; 5480 (54.70; 54.74 (54.64; 5437 (54.27; .
ke 54.71)@ 54.90)@ 54.84)@ 54.47) (@A) e EE
Right thigh 55.11 (55; 55.05 (54.95; 55.10 (54; 54.67 (54.56; x
S 55.22)@ 55.16)@ 55.20)@ 54.78) V@) 16.25 S73
Muscle
strength
1RM
Barbell 5433 (5227, 5483 (52.77; 53.70 (51.74; 49.72 (47.66; .
chest press S .56.38)@ 56.90)@ 55.66) @ 51.79) (V@A) GHEN il
5287 (51.15; 53.62 (51.92; 5345 (51.81; 46.39 (44.67; -
Barbell row  46.25 5459) (4) 5533) (4) 5508) (4) 4812) MHQR)3) 16.771 583
Smith 59.15 7941 (73.82; 80.60 (74.94; 78.00 (72.57; 59.80 (54.23; 12817 516
machine 85.00) @ 86.26)@ 83.45)@ .65.36) (NS
squat
Hip thrust  60.50 68.33 (66.07; 6845 (66.20; 68.86 (66.70; 60.49 (58.23; 13.227** 524
70.60) @ 707H@ 71.01)@ 62.76) V@)
Covariate = ANCOVA adjustment from baseline; * = p < .05; ** = p <.001; BC = body composition; FFM =
fat-free mass; " = significant with 2 days/week; ? = significant with 3 days/week; ©’ = significant with 4

days/week; “ = significant with control group; BW = body weight (kg).

Discussion

This study used an Equal-Set and Intensity-Matched design to investigate how different RT frequencies
(2, 3, and 4 days/week) influence outcomes in previously untrained young males. The findings indicate that
training frequency did not produce distinct differences in improvements in muscular strength, body
circumference, or FFM, provided that the total number of sets and relative intensity were held constant.
Nonetheless, all RT groups demonstrated significant gains across these measures compared to the non-training
control group. These results underscore the importance of RT for improving physical fitness, particularly
muscular strength and body composition (ACSM, 2018; Schoenfeld, 2010; Hong & Kim, 2018).
Effect of Resistance Training on Muscle Strength

The findings demonstrated that RT, irrespective of frequency (2, 3, or 4 days/week), produced
statistically significant increases in muscular strength, as assessed by 1RM in the barbell chest press, barbell row,
Smith machine squat, and hip thrust, compared with the control group. These results confirm that RT is an
effective strategy for enhancing muscular strength and are consistent with extensive evidence highlighting the
role of resistance exercise in promoting neuromuscular adaptations (Schoenfeld, 2010; Suchomel et al., 2018). In
untrained or novice individuals, initial strength gains are largely driven by neural adaptations, such as increased
motor unit recruitment, enhanced rate coding, and improved synchronization of firing (Enoka, 2008; Kessinger
et al., 2020). With continued RT, muscular hypertrophy becomes a more prominent contributor to strength
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development (Damas et al., 2015; Gomes et al., 2019). These findings highlight the substantial impact of weight
training on muscular strength, aligning with the work of Grgic et al. (2018), who reported an effect size greater
than 0.8 for strength improvements when training occurred at least twice per week.

The results also showed no statistically significant differences in muscular strength among the RT
groups with different frequencies (2, 3, or 4 days/week) when the number of sets and relative intensity were
matched. This finding aligns with previous volume-matched research and reinforces the idea that the overall
training stimulus—rather than the specific frequency of distribution—is the key determinant of strength
development (*Schoenfeld et al., 2019; Lasevicius et al., 2018). The underlying physiological mechanism is that
performing an adequate number of sets at sufficient intensity effectively stimulates muscle protein synthesis
(MPS) signaling pathways, regardless of whether the training stimulus is distributed frequently with a lower per-
session set volume or less frequently with a higher per-session set volume. As long as the total weekly sets at an
appropriate intensity are sufficient, similar neuromuscular and structural muscle adaptations can be achieved
(Schoenfeld, 2010; Wackerhage et al., 2019)

This indicates that for untrained young adults, the total training stimulus—determined by matched sets
and intensity—has a greater impact than the way it is distributed across the week.

Effects of Resistance Training on Muscle Hypertrophy: Anthropometric Parameters (Body Circumference)

The findings demonstrated that all weight training groups experienced statistically significant increases
in body circumferences, including the chest, upper arms, and thighs, from pre- to post-training. Each of the three
training frequencies produced significant improvements in these measurements compared with the control group.
These increases reflect the beneficial effects of RT on muscle hypertrophy, a key adaptation to mechanical
tension and metabolic stress (ACSM, 2018; Schoenfeld, 2010).

Muscle hypertrophy primarily results from increased MPS, which promotes the growth of myofibrils
and interstitial connective tissue in muscle fibers, ultimately increasing muscle cross-sectional area (CSA)
(Schoenfeld, 2010; Wackerhage et al., 2019). In this study, increases in muscle size, assessed via body
circumferences, ranged from 0.46% to 3.97%. Notably, no significant differences were observed in body
circumference changes among groups with different training frequencies (2—4 times per week), indicating that
frequency had little impact when total sets and relative intensity were matched. These findings suggest that when
total sets and training intensity are consistent, the number of weekly training sessions has minimal impact on
muscle size or body circumference (Schoenfeld et al., 2019; Grgic et al., 2021; Johnsen et al., 2021). This
underscores the importance of performing an adequate volume of sets at sufficient intensity to stimulate
hypertrophic adaptations. Therefore, training frequency is primarily a way to distribute the stimulus rather than
change its overall effect; maintaining consistent intensity produces similar growth responses (Schoenfeld, 2010;
Wackerhage et al., 2019). For untrained individuals, RT 2-3 days/week is sufficient to increase muscle CSA
when the program is consistent and properly structured. In contrast, individuals with prior RT experience may
require 4-6 sessions per week to achieve comparable gains (Kraemer & Ratamess, 2004; Schoenfeld et al.,
2016). It is also important to note that the early increases in muscle size observed in untrained young men during
the first 1-3 weeks of training may not reflect true hypertrophy; these initial changes could primarily result from
water retention owing to muscle damage, with actual muscle growth occurring later (Damas et al., 2016).
Overall, this study confirmed that all RT groups exhibited significant increases in body circumference across
multiple sites compared with the control group, reinforcing the effectiveness of weight training for promoting
muscle hypertrophy.

Effect of Resistance Training on Body Composition

This study found that RT led to significant increases in BW and FFM across all training groups, while
the %Fat remained unchanged. Post-hoc analysis confirmed that all RT groups (2, 3, and 4 days/week)
demonstrated significantly greater gains in FFM compared with the control group, highlighting the effectiveness
of RT in promoting the development of fat-free tissue. The observed increases in FFM are primarily attributed to
gains in muscle mass, which are critical for overall health and performance because greater muscle mass
increases resting metabolic rate and improves body composition (Hong & Kim, 2018). These physiological
adaptations in previously untrained individuals further emphasize the effectiveness of RT interventions (Mao et
al., 2023; Suchomel et al., 2018).

However, no statistically significant differences in FFM were observed among the RT groups (2, 3, and
4 days/week). This finding is consistent with previous volume-equated studies, which suggest that varying
training frequency does not substantially influence muscle growth or FFM when the total number of sets at
matched intensity is equivalent (Schoenfeld et al., 2019; Grgic et al., 2018; Johnsen et al., 2021). These results
indicate that the total weekly training volume performed at an appropriate intensity is likely a more critical factor
for stimulating muscle growth than frequency, which aligns with our observations for strength and body
circumference. Regarding BW, significant within-group increases were observed across all training groups,
indicating that the gains in BW were primarily attributed to increased muscle mass rather than changes in fat
mass. Similarly, no statistically significant changes in %Fat were observed in either the experimental or control
groups. This finding aligns with previous research (Mangine et al., 2015), suggesting that RT alone may not be
sufficient to elicit significant reductions in body fat because fat loss generally requires a negative energy balance
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achieved through dietary modifications or additional cardiovascular exercise. Since resistance training focuses
on developing muscle size and strength, while aerobic or cardio exercise emphasizes developing the circulatory
system and burning body fat (Rugbumrung et al., 2025)

While our study's findings showed significant increases in both Fat-Free Mass (FFM) and muscular
strength (1IRM) across all three RT groups, aligning with the idea that FFM is positively correlated with muscle
strength (Acharya et al., 2022), other research has reported no significant link between FFM and muscle strength
(Bagheri et al., 2024; Moore et al., 2020). Therefore, the data from this study cannot definitively establish or
interpret that the increase in FFM is directly related to the rise in muscular strength among the participants.
However, the main focus of this study was training frequency, and the key finding is that all RT groups
experienced similar improvements in strength and body composition. This suggests that training frequency did
not significantly influence muscle growth or strength when total volume was controlled. Consequently, the
optimal frequency depends on personal preference, and novice trainees can choose their weekly training
frequency per muscle group based on their own convenience (“*Schoenfeld et al., 2019).

Conclusion

This RCT confirms that RT is highly effective for improving physical fitness in previously untrained
young adults. The study demonstrated that training at any frequency 2, 3, or 4 days/week produced significant
physiological improvements compared with the control group, including increases in muscular strength, changes
in body measurements, and gains in FFM. Notably, the Equal-Set and Intensity-Matched design revealed that
variations in training frequency (2, 3, or 4 days/week) did not result in statistically significant differences in
strength, muscle size, or body composition outcomes. These findings strongly support the notion that an
adequate overall training stimulus—defined by the total number of sets performed at an appropriate relative
intensity is the primary driver of physiological adaptations. The practical implication is that beginners and
individuals with limited time can select a training frequency that fits their schedule without compromising
strength or muscle gains, which may improve exercise adherence. This insight simplifies workout planning and
facilitates the design of effective, accessible RT programs aimed at maximizing health-related physical fitness,
particularly for beginners. Future research should examine the effects of RT over longer durations, such as 12—
24 weeks, to investigate potential differences as participants progress to an intermediate training level.
Additionally, applying the Equal-Set and Intensity-Matched principles to other populations—including untrained
women, obese individuals, older adults, or clinical populations—is recommended to broaden the generalizability
and confirm the time-efficient effectiveness of this training approach.

Limitations of the Study

This study has several limitations that should be considered when interpreting the results. First, the
intervention lasted only 8 weeks. Although untrained individuals can experience rapid early gains in strength and
muscle size, the long-term effects of varying training frequency—when total set volume and relative intensity
are matched—may differ, and more sustained physiological adaptations may require a longer intervention
period. Second, the study involved only untrained young adults, which limits the generalizability of the findings
to other populations, such as older adults, highly trained athletes, or individuals with pre-existing medical
conditions, who may respond differently to RT. Third, although total set number and relative intensity were
carefully controlled, the distribution of training volume—based on specific RM ranges—varied among the
frequency groups. This resulted in slight differences in the total repetitions performed by each group, which
could have influenced the results. Additionally, the study did not assess cumulative fatigue or recovery between
sessions. Fourth, body circumference was obtained using anthropometric techniques, and body composition
(FFM, %Fat) was assessed using BIA. These methods may be less sensitive to detecting small changes compared
with more advanced techniques, such as DEXA or ultrasound, particularly over a relatively short intervention
period. Finally, although participants were encouraged to maintain their usual diet and lifestyle, their dietary
intake was not strictly monitored or recorded, which could have influenced the physiological adaptations to the
training program.

Suggestions for Future Research

Several recommendations emerge for future research based on the current study's findings and
limitations. First, longer-duration interventions, such as those lasting six months or more, would provide insight
into the long-term effects of different training frequencies while maintaining matched total sets and relative
intensity, enhancing our understanding of sustainable strength and muscle growth. Second, future studies should
include more diverse populations—including older adults, experienced athletes, or individuals with specific
training goals—to improve the generalizability of the findings and ensure broader applicability across different
demographic groups. Third, future research should evaluate qualitative factors such as accumulated fatigue,
muscle recovery time, sleep quality, and ratings of perceived exertion, because these variables may be influenced
by training frequency even when total sets and relative intensity are constant. Fourth, using more accurate
assessment methods, such as DEXA or BIA, is recommended to obtain accurate and detailed body composition
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measurements, which would improve understanding of how different training protocols affect physiological
adaptations.
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