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Introduction
Resistance training induces a wide range of physiological 

adaptations, including an increase of muscle strength and 
hypertrophy. In particular, mechanical stimulus can trigger muscle 
hypertrophy in cooperation with the neuroendocrine system, 
which plays a fundamental role in the tissue remodeling [1]. The 
process of hypertrophy involves a proportionate increase in the  

 
accretion of the contractile proteins, actin and myosin, as well 
as of other structural proteins [2]. As reported by many studies, 
the physical and hormonal adaptations in response to resistance 
training depend from the same type of training. As the intensity 
of resistance exercise increases (resulting in increased activation 
of fast-twitch muscle fibers), a greater emphasis is placed on 

ARTICLE INFO ABSTRACT

Background: The modulation of rest intervals in resistance training could induce 
different muscular tissue and hormonal response. The aim of the present pilot study 
was to the long-term adaptations induced by short rest intervals in high-load resistance 
training. 

Methods: Ten healthy untrained subjects (age 25.6±4.7 years) underwent a 3-weekly 
2-month high-load (>90% of RM) resistance-training program with short rest intervals 
between stets (<90 sec) and low recovery time between exercises (120 sec). Every 
exercise session was structured in order to train the entire body (bench press, pulley, leg 
press, curl with dumbbell, french press, hummer curl, hummer curl with relaxation and 
pull ups) such as to move close to a ’classical’ training tab. Anthropometric parameters, 
strength and hormonal responses were taken in all the subjects before and after the 
training protocol.

Results: Training increased arm (P<0.05), thigh (P<0.05) and chest (P<0.01) 
circumferences, while decreased waist circumference (P=n.s) with respect to baseline. 
Strength on RM was increased on bench press (P<0.05), pulley (P<0.05) and leg press 
(P<0.01) exercises. Blood analyses showed a decrease of IGF1 (P=n.s) and cortisol 
(P<0.05), while testosterone (P=n.s), DHT (P<0.01) and GH (P<0.001) were increased. In 
addition, we observed an increase of TEST/CORT ratio (P<0.05).

Conclusion: The results of the present study showed that a single training program 
with short rest intervals associated to high-load strength exercises could induce an 
increase in both muscular mass and strength.
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mechanical stress [3], In contrast, high-volume programs (greater 
number of repetitions concomitant with the use of short rest 
intervals) elicit greater metabolic stress [2]. Among the different 
hormonal adaptations induced by physical exercise, Testosterone 
(TEST), Growth Hormone (GH) and Insulin-like Growth Factor-1 
(IGF1) are the most studied hormones. The expression of these 
hormones is related to the intensity [4], rest interval and volume of 
the exercise [5]. The classic model of periodization, the systematic 
process based on the altering of one or more training program [6], 
is characterized by a high initial training volume and low intensity, 
and, with the progress of training, volume decrease and intensity 
gradually increase [2]. 

As concern rest periods, it was observed that exercise with 
long versus short rest periods (2-5min vs 30-40s) induce a greater 
strength increase [7]. In contrast, according to other studies, 
low intensity, high volume and moderate rest periods (2-3min) 
training program have been demonstrated to induce an increase 
of hypertrophy [8,9]. However, a few methodological limitations, 
including program design and hypertrophy assessment, raise 
several questions concerning the efficacy of each training program. 
Moreover, the hormonal response associated with these training 
programs, remain unclear. The aim of the present pilot study was 
to investigate the effects of a specific resistance training program 
with short rest periods on the physiological adaptations of muscle 
strength and hypertrophy.

Methods
Experimental Design

Prior to the onset of the study, the participants were required 
to complete a 2-weeks base training program. Assessment of body 
circumferences (arm, thigh, chest and waist), anthropometric 
parameter (weight, high, BMI), and strength were measured pre- 
and post-training. Subsequently, participants completed 8-week 
(3 session of workout a week) of two training resistance period: 
6 weeks with a hypertrophy and strength exercise program and 
the last 2 weeks with 3 sessions of only strength exercise program 
to avoid phenomena of adaptation. The participants attended 
University Sports Center (CUS) of Pisa, under the direct supervision 
of certified strength and conditioning specialists. Blood samples 
were collected on day 1 of week 3 (the first week of training after 
the base training period) and week 10. 

Participants

Ten healthy men (age 25.6±4.7 years, weight 82±11.2 kg; height 
176.4±14.2 cm) with sedentary lifestyle agreed to participate in this 
study. Following an explanation of all procedures, risks, and benefits, 
each participant provided his informed consent to participate in 
the study. The investigation was approved by the ethics committee 

of “Area Vasta Nord Ovest” for clinical experimentation (CEAVNO) 
of the University of Pisa, and all participants signed a written 
consensus for the study. All participants were free of any physical 
limitations (determined by medical history questionnaire) and 
had not been previously participating in resistance training for at 
least 2 years. Participants were instructed to maintain their normal 
eating habits throughout the course of the study. Kilocaloric and 
macronutrient intake were monitored via weekly food diaries.

Preparatory Phase of Training

The participants completed a 2 weeks of a base resistance 
training protocol. This time was necessary to familiarize 
participants with all the exercises. This phase encompassed a total 
of six workouts: three workouts (Monday, Wednesday, and Friday) 
during the first week and three workouts (Monday, Wednesday, and 
Friday) during the second week. The purpose of the preparatory 
training program was to instruct proper lifting technique, familiarize 
participants with all exercises, and ensure the participants initiated 
the study with a comparable training base. During this phase, the 
exercises, and their order, volume (8-10 reps x 60% of RM) and rest 
periods (150sec) were identical for all the participants.

Strength Testing

Strength in the bench press, pulley and leg press was assessed 
pre- and post-training. A general warm up consisting of riding 
a cycle ergometer and abs exercise such as bicycle crunch and 
traditional crunch for 5 min. Subsequently, the general warm up 
was followed by specific warm up for 10 smith machine, 10 leg 
press and 10 pulley with 20% of RM each other. The determination 
of one repetition maximum (1RM) was executed as described by 
Mangine et al.10. 1RM was estimated for the other exercise: curl 
with dumbbell, french press (dumbbell), hummer curl, hummer 
curl with relaxation, pull-ups pre- and post-training. 

Resistance Training Intervention

Participants reported to the Pisa University Sports Centre 
(CUS) three times per week (M/W/F) to complete their first 
assigned training program. Briefly, the first training program was 
structured to increase strength and hypertrophy. Number of series 
and repetitions change for each exercise, but the basic concept that 
linked the structure of the training program is that every repetition 
must be carried out as if it were the last, bringing muscle exhaustion. 
This was achieved by working with a weight that induced this 
condition. The participants performed at 87-100% of 1RM. The 
second training program was structured to increase strength. On 
Monday and Friday, participants performed pyramidal system to 
rise and fall for smith machine, leg press and pulley, starting from 
92% until 100% of 1RM. On Wednesday, participants performed 
3x1 at 100% of 1RM about smith machine, leg press and pulley plus 
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1xmax with 50% of RM and with a weight that allows the execution 
of 3 series to 6 reps for triceps and hummer curl. The gradual 
increase in weight for every exercise was calculated in order to 
obtain the muscular exhaustion before the completion of reps. The 
weight of exercise was increased in every training session. Training 
intensity was determined from 1RM testing (smith machine, leg 
press and pulley) and estimated 1RM (all other exercises) [10]. For 
each training program, the rest period between each series was 90 
s, while the rest period between each exercise was 2min. Only in 
the step between upper and lower body recovery, rest period was 5 
min. Both training programs had an average duration of 70±25 min.

Blood Sampling

Blood samples were obtained at two time points: baseline 
(BL) (after the two weeks of preparatory phase) and at the end of 
the resistance training intervention (E). Each blood samples were 
obtained on Monday. Participants were examined at 07:45AM 
in a quiet, air-conditioned room with temperature maintained at 
22-24 °C. After introduction of an indwelling cannula (Abbocath 
20G) into the left antecubital vein, the subjects were allowed to 
rest in a supine position for a 15min equilibration period. All 
blood samples were collected into two Vacutainer® tubes, one 
containing no anticlotting agent (6mL) and the second containing 
EDTA (6mL). A small aliquot of whole blood was removed and used 
for determination of hematocrit and hemoglobin concentrations 
and routine parameters such as HDL, LDL, and total cholesterol, 
triglycerides and glucose. The blood in the first tube was allowed to 
clot at room temperature for 30min and subsequently centrifuged 
at 3000g for 15 min along with the remaining whole blood from 
the second tube. The resulting plasma and serum were placed 
into separate microcentrifuge tubes and frozen at −80 °C for later 
analysis.

Biochemical Analysis

Circulating concentrations of testosterone (TEST), 
dehydroepiandrosterone (DHEA), dehydroepiandrosterone-sulfate 
(DHEA-S), dihydrotestosterone (DHT), cortisol (CORT), insulin-like 
growth factor (IGF-1), growth hormone (GH), adrenocorticotropic 
hormone (ACTH), and Luteinizing hormone (LH) were assessed 
via enzyme-linked immunosorbent assay (ELISA) and a 
spectrophotometer using commercially available kits. To eliminate 
the inter assay variance, all samples for each assay were thawed 
once and analyzed in duplicate in the same assay run by a single 
technician.

Statistical Analysis

The values are expressed as mean ± standard deviation (SD). 

The normality of distribution of the data was examined with the 
Kolmogorov-Smirnov test. To examine differences in the endocrine 
response to exercise from WK3 to WK10, a repeated measure 
analysis of variances (ANOVA) was calculated for each parameter. 
Bonferroni post-hoc tests were used when the interaction was 
significant. Quantitative chances of higher or lower differences were 
evaluated qualitatively as follows: <1%, almost certainly not; 1−5%, 
very unlikely; 5−25%, unlikely; 25−75%, possible; 75−95%, likely; 
95−99%, very likely; >99%, almost certain. If the chances of having 
higher or lower values than the smallest worthwhile difference were 
both >5%, the true difference was assessed as unclear. Pearson’s 
correlation coefficients were calculated to establish the respective 
relationships between the changes of all measured variables. The 
analyses were conducted using the software Prism 4.0 (GraphPad 
Software Inc., San Diego, CA, USA). Statistical significance was 
established at the P < 0.05 level.

Results
Anthropometric and Morphological Changes

After the anthropometric evaluation, the subjects’ BMI did not 
significantly differ before and after training program (Figure 1). 
Arm (29.01±1.67 vs 31.12±1.16cm, p<0.05), thigh (53.25±2.11 vs 
55.08±2.01cm, p<0.05) and chest (93.01±2.85 vs 98.11±3.31cm, 
p<0.01) circumferences were significantly increased after the 
training program (Figure 2). In contrast, the waist circumference 
was decreased (78.51±3.30 vs 77.86±2.44cm, p=n.s, Figure 2). An 
increase of free mass (83.64±3.86 vs 85.33±2.67%; p<0.05), with a 
decrease of free fat mass (17.36±3.96 vs 14.67±3.67 %; p<0.05;) and 
an increase of Total Area on upper (TAA 58.09±4.30 vs 66.12±5.50; 
P<0.01) and lower (TLA 177.06±29.92 vs 195.49±19.70; P<0.01) 
body were observed after training program. In particular, an 
increase of the muscular area was observed at the end of training 
program in the upper (AMA 49.60±2.73 vs 57.89±3.97; P<0.01) 
and lower (LMA 153.56±25.14 vs 172.56±16.18; P<0.01) body 
part. In contrast, a decrease of the fat area was evidenced at the 
end of training program on upper (AFA 8.49±1.58 vs 8.24±1.54; 
P=n.s) and lower (LFA 23.51±4.79 vs 22.92±3.51; P=n.s) body 
part. As concern strength parameters, the 1RM of every exercise 
was increased after protocol intervention, particularly with the 
use of smith machine, pulley and leg press, which produced an 
increase versus pre-training of 48.95% (P<0.05), 37.43% (p<0.05) 
and 88.73% (p<0.01), respectively (Figure 3). Finally, regarding 
the hummer with relaxation exercise, we observed a significant 
increase of total work (198±18 vs 264±16.97; P<0.05).
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Figure 1: Subjects’ BMI (Kg/m2) before and after training program. Ten men between the ages of 21 and 33 with sedentary 
lifestyle underwent resistance training for at least 2 years described in the Methods section. At the end the anthropometric 
evaluations were made. The data are expressed as level of BMI (Kg/m2). These data represent the men ± SEM of pre- and 
post-training program.

Figure 2: Subjects’ muscle size (cm) before and after training program. Ten men between the ages of 21 and 33 with sedentary 
lifestyle underwent resistance training for at least 2 years described in the Methods section. At the end, the anthropometric 
evaluations were made. The data are expressed as circumference (cm) of R arm, R thigh, waist and chest size before and after 
training. These data represent the men ± SEM of pre- and post-training program. P<**0,01 vs pre-training program.
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Figure 3: Strength parameters (Kg) before and after training program. Ten men between the ages of 21 and 33 with sedentary 
lifestyle underwent resistance training for at least 2 years described in the Methods section. At the end, the strength parameters 
evaluations were made. The data are expressed as Kg of bench, leg press and pulley before and after training. These data 
represent the men ± SEM of pre- and post-training program. **P<0.01, ***P<0.001 vs pre-training program.

Biochemical and Hormonal Parameters

Figure 4: Blood parameters (mg/dl) before and after training program. Ten men between the ages of 21 and 33 with sedentary 
lifestyle underwent resistance training for at least 2 years described in the Methods section. At the end, the blood parameters 
evaluations were made.
a) The data are expressed as mg/dl of glucose, total-cholesterol, HDL, LDL, triglycerides
b) and insulin μU/ml before and after training.
These data represent the men ± SEM of pre- and post-training program. *P<0.05 vs pre-training program.
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Blood parameters in response to training, during W3 and W10 
are shown in Figure 4. As concern the lipid profile, the training 
program produced an increase of total cholesterol (145.21±18.43 
vs 147.62±22.56mg/dL; P=n.s; Figure 4a), with an increase of 
HDL (53.21±10.04 vs 55.42±11.39mg/dL; P=n.s.; Figure 4a) and a 
decrease of LDL (89.62±17.11 vs 85.21±21.05mg/dL; P<0.05; Figure 
4a). The Total Cholesterol-HDL ratio was diminished significantly 
at the end of the training protocol (2.83±0.63 vs 2.76±0.60; P=n.s); 
this decrease was observed even in the LDL-HDL ratio (1.76±0.51 
vs 1.61±0.50; P<0.05). In addition, there was a decrease in the 
level of triglycerides (70.51±20.16 vs 60.75± 6.79; P<0.001; Figure 
4a). Finally, a decrease of glucose (85.4±5.57 vs 84.8±5.19 mg/
dL; P=n.s.; Figure 4a) and insulin (5.29±1.96 vs 3.73±1.57μU/
mL; P<0.01; Figure 4b) was evidenced after the training program. 
Regarding hormonal parameters (Figure 5), TEST level was 
increased at W10 (+1.13% P=n.s. ; Figure 5a), as well as DHT 
(+18.78% P<0.01; Figure 5b) and GH (+52.88% P<0.001; Figure 
5c). CORT (-7.95%P<0.05; Figure 5d), IGF1 (-3.23%P<0.05; Figure 
5e), DHEA (-10.67%P<0.01; Figure 5f), DHEA-S (-2.68%; P=n.s; 
Figure 5g), LH (-5.90%P<0.05; Figure 5h), ACTH (-5.58%P<0.05; 
Figure 5i) were decreased at the end of the training program. In 
addition, as a direct result, we observed an increase of TEST/CORT 
ratio (+3% P<0.05). This result is in line with the anabolic effect 
induced by the resistance training and confirmed by the increase 
of free fat mass.

Discussion
Two features are remarkable in our protocol: 

1)	 The recovery time used during training sessions (90 
seconds);

2)	 The onset of an anabolic condition.

Considering them, there was not only a great strength and 
hypertrophy rise, but also an important metabolic and hormonal 
adjustment. According to literature data, many resistance training 
protocols have been already demonstrated to increase strength 
and hypertrophy, but they differ as far as concerned the recovery 
time used [11-14]. For example, in terms of chronic adaptations, De 
Salles, et al. [15] suggested that 3-5 minute rest periods between 
sets can produce greater increases in absolute strength. Also 
Schoenfeld et al. (2016) argued that a longer inter-set rest period 
could better enhance muscle Strength and hypertrophy [16]. The 
other remarkable feature of our protocol is the significant fat free 
mass increase after only 8-week training: in fact, the increase of arm-
chest-thigh circumferences and the waist circumference decrease 
are usually observed in aerobic trainings programs or in longer 
resistance training ones [17]. It has also to be noticed that, in our 
study, participants performed a high-load/ low volume workouts as 
against other protocols that suggested exactly the opposite in order 
to obtain a protein accretion. For example, Burd et al. (2010) argued 

that low load/high volume resistance training is more effective in 
increasing muscle protein synthesis [18]. In the same way, other 
studies have demonstrated that the low load resistance, performed 
to muscular failure, induced a similar myofibrillar accretion [19]. 
From a metabolic point of view, the lipid profile improvement is 
huge, considering our 8-week high -load intensity training (87-
100% of 1RM) : some studies even suggest that resistance training 
doesn’t affect the lipid profile [20,21], while other authors argue 
that only low/moderate intensity resistance training can modulate 
LDL, triglycerides and HDL in a positive way [22].

Both the marked enhancement in muscle strength and the 
better lipid profile could result from the anabolic adaptations that 
happened in the present study (TEST-DHT-GH increase / IGF1-ACTH-
DHEA-CORT decrease): in particular, testosterone administration is 
known to reduce insulin resistance, total cholesterol, LDL cholesterol 
and triglycerides and improve anthropometric parameters [23]. As 
far as muscle strength concerned, any increase can be explained 
by the TEST/CORT ratio increase. The TC ratio may indicate the 
anabolic/catabolic environment of an organism due to their roles in 
protein synthesis and protein degradation, respectively [24]. Other 
resistance training protocols, indeed, have shown a decrease of TEST 
levels caused by an increase of Androgenic Receptors on muscle 
cell membranes that recruit TEST to enhance strength [25]. This 
difference about TEST level is probably due to the different exercise 
training program we used. Regarding the rest period influence on 
hormonal parameters, Scudese et al. (2016) stated that although 
both short and long rest periods enhance acute testosterone values, 
the longer rest promotes a long-lasting elevation for TEST [26]. 
In this case, the authors evaluated hormonal parameters after 
30min maximum. In contrast, we measured them after 2 days, in 
order to observe the long-term adaptation. The anabolic condition 
achieved in our study is also confirmed by the DHT rise and the 
DHEA-s decrease. Dyhidrotestosterone, a free TEST intermediate 
synthetized by 5α-reductase is the most active TEST metabolite 
thanks to a higher receptor activity and a lower dissociation rate 
compared to TEST. It has been showed that 12 weeks of resistance 
training significantly restored, in older man, free testosterone, and 
DHT to levels seen in young subjects [27].

DHEA-S, instead, is a TEST precursor [28] and so its decrease 
correlates with increased TEST levels. Conflicting data concerning 
DHEA response after exercise have been reported: studies reported 
its increase after resistance exercise [29] or any change after 
training [30]. On the other hand, Riechman et al. (2004) observed 
a small DHEA concentration decreased after 10 -week resistance 
training in men and women [31]. In all these studies, the evaluation 
has been conducted in acute, while we performed the analysis after 
48 hours. In addition, these authors have used training protocols 
with different load, intensity and rest periods making difficult the 
comparison among them. In our protocol, the anabolic process 
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activation is also supported by the evaluation of serum GH. It is 
a metabolic stressor related to body growth, hypertrophy and 
regulation of metabolism and its release seems to be dependent to 
rest intervals between sets [32]. Bottaro et al. (2009) observed that 
GH increases more significantly with short rest intervals (30s) than 
long-rest ones (60 or 120s) [33]. Similar results were obtained by 
Fink, et al. [34]. Even if we used similar short-rest intervals (90s), 
unlike them, who used low loads, our participants performed 
a high-load (87<>100%) with short rest period and medium 
repetitions. Moreover, the GH-hypertrophy effect is regulated by 
IGF1, but it has been shown that its local expression in skeletal 
muscle appears to act independently of any change in serum GH 
or IGF-1 [35]. Therefore, free fat mass increase and hypertrophy 
could be related to a local IGF-1 increase, since we did not observe 
a significant serum IGF-1 change. 

In our hands, no significant changes in LH serum level. LH 
stimulates intratesticular TEST secretion [36] but its response to 
physical activity has been rarely investigated. Consistent with our 
data, Taipale et al. (2017) have observed no alteration of serum 
LH after resistance training even though they used lower loads 
than ours [37]. Of note, both cortisol and ACTH serum levels 
decreased in our study, therefore favouring the TEST/CORT ratio 
enhancement. This is a significant result considering the fact that 
cortisol is usually involved in the inflammatory response to exercise 
becoming an important parameter of the overtraining syndrome 
[38]. In this sense, Izquierdo et al. (2009) showed how cortisol 
level can increase after resistance trainings with a consequent 
high release of pro-inflammatory cytokines [39]. Probably, in our 
protocol, cortisol reduction depends on our high load/low volume 
training program: in fact, its greatest acute elevation has been 
demonstrated to occur in different protocols from our workouts, 
such as medium -load, high-volume protocols, usually preferred by 
body builders [40].

Conclusion
The aim of our study was to investigate the effects of 8 weeks 

of resistance protocol based on high load (over 87%RM), medium 
repetition, short rest periods between sets (90s) and short rest 
periods between exercises on physiological point of view. Overall, 
we observed a significant increase of strength, related to significant 
increase of DHT and a trend of increase of testosterone, the major 
responsible to strength increase. In addition, we observed an 
increase of free fat mass related to increase of GH and the ratio 
of testosterone cortisol. As concern the lipid profile, a decrease 
of cardiovascular risk factors typical of aerobic exercise were 
observed. All these adaptations could be related to the use of short 
rest periods with high load, which induce a not completely recovery 
as concern muscular (i.e. lactide acid restore) and heart rate. 
Herein, we showed that a high load with short rest periods could 
induce typical adaptations of strength and hypertrophy training, as 

well as some typical adaptations of aerobic workouts. All authors 
have read and agreed to the final version of the manuscript.
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