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Abstract
Purpose  This study aimed to analyze the expression of the IGF type-1 receptor gene (IGF-1r) and IGF-I, GH, testosterone, 
and IGFBP-3 concentrations in young people subjected to 10 weeks of muscle hypertrophy training.
Methods  IGF-1r expression, serum concentrations of IGF-I, IGFBP-3, GH, and total testosterone, as well as body com-
position, fat percentage, and body mass index, were determined for 22 healthy young males at three moments of resistance 
training (first, fifth, and tenth week of training).
Results  Throughout the 10 weeks of training, a reduction was observed in the relative expression of the IGF-1r gene (2−ΔΔCT) 
and an increase in IGF-I and GH concentrations. A reduction in total testosterone concentrations was detected during the 
recovery period in the fifth week. The IGFBP-3 concentrations did not change throughout the training.
Conclusions  The resistance training protocol prescribed for muscle hypertrophy did not suppress the GH-IGF-I axis, but it 
did cause alterations in IGF-1r gene expression and in IGF-I kinetics compatible with increased IGF bioactivity.
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Introduction

Growth is the main characteristic that differentiates children 
and adolescents from adult individuals [1]. The regulation 
of growth involves a complex and continuous interaction of 
genes, hormones, nutrients, and the physical environment. 
The integrity of the growth hormone (GH)—insulin- like 
growth factors (IGFs) axis, composed of the GH, IGF-I, and 
IGF-II hormones, IGF binding proteins (IGFBPs 1–6), and 
by the GHR, IGF-1r, IGF-2r, and insR receptors, plays an 
essential role in the human growth process, enabling the 
individual to achieve their full genetic potential [1]. The 
GH-IGF axis also participates in intermediary metabolism 
regulation, cellular multiplication and differentiation, as well 
as influencing the tissue development process [2]. Increases 
in anabolic hormones, such as testosterone, GH, and IGF-I, 
can cause muscle growth and strength gain [2, 3].

The importance of the GH/IGF-I axis in adapting to phys-
ical exercise continues to be a topic of great interest, due to 
its role in protecting myocardial cells, glucose homeostasis, 
and skeletal muscle hypertrophy [3]. However, changes in 
the GH/IGF-I axis induced by exercise and physical training 
and their consequences are far from being fully understood 
[4–6]. The safety of resistance training for adolescents in 
relation to the possible impact that this sporting activity can 
have over growth and final stature, as well as the possible 
modifications induced in the different components of the 
GH-IGF-I axis, continues to be a topic of debate. It is some-
times asked whether this type of training should be restricted 
to adult individuals.

Therefore, this study aimed to analyze the impact of 
resistance training over components of the GH/IGF axis, 
particularly over serum concentrations of IGF-I, IGFBP-3, 
GH, and testosterone and IGF-1r gene expression in young 
male adults.
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Materials and method

Individuals

Twenty-two healthy young males aged 22 ± 2.8  years 
old, with a body weight of 75 ± 3.3  kg and height of 
175 ± 3.3 cm, were studied in a convenience sample. As 
inclusion criteria the volunteers had to be aged between 18 
and 25, have a minimum of 6 months experience in weight 
training, and they could not present any orthopedic injury or 
use anabolic steroids or food supplements. A minimum of 6 
months experience with weight training was adopted as the 
efficacy measurement of a training protocol in an untrained 
population is hard to observe, since untrained individuals 
respond favorably to a myriad of training stimuli [7]. Hence, 
the responses of these physically active volunteers would 
better represent the responses of many young males who 
engage in this exercise modality.

Experimental design

All participants were subjected to 10 weeks of resistance 
training and assessed in the first (M1), fifth (M2), and tenth 
(M3) weeks. An anthropometric assessment and blood 
collection for dosing the serum concentrations of IGF-I, 
IGFBP-3, GH, and testosterone and analyzing IGF1r expres-
sion were carried out at each one of those moments (M1, 
M2, and M3). The blood collections were taken before start-
ing the training session (pre M1; pre M2; pre M3), preceded 
by 15 min of rest, 30 min after ending the training session 
(post M1; post M2; post M3), and on the following day 24 h 
after the initial sample (24 h M1; 24 h M2; 24 h M3), before 
starting the new training session (Fig. 1). In total, nine sam-
ples were obtained from each individual. The collections 
occurred in the afternoon, between 4 and 6 pm. The sam-
ples were stored between 0 and 4 °C until being processed 
and subsequently stored at − 80 °C until the analyses. The 
anthropometric assessments were carried out before the first 
training session in each phase.

The resistance training protocol was applied from Mon-
day to Friday in the afternoon between 4 and 6 pm over 
10 weeks.

Training protocol

The protocol was elaborated based on the recommenda-
tions of the American College of Sport Medicine [8]. 
Before the first week of training, the volunteers carried 
out a week of leveling and familiarization with the training 
protocol in the same protocol of exercises as the experi-
ment, but executing sets with a greater number of repeti-
tions (15–20 repetitions). The objective of the familiariza-
tion was to teach the appropriate execution technique for 
each exercise, familiarize the participants with all exer-
cises, and guarantee that the participants started the study 
with comparable grounding. The intensity was determined 
per zone of maximum repetitions (10–12 maximum rep-
etitions). The participants were directed to use a load that 
enabled them to execute at least 10 and at most 12 repeti-
tions. When they managed to execute more than 12 repeti-
tions for a particular resistance, the load was increased, so 
that no more than 12 repetitions could be executed [8, 9].

The training protocol was divided into three train-
ing sessions: A, B, and C. Training A was composed 
of straight bench press, incline bench press, cross-over, 
dumbbell shoulder rotation, dumbbell lateral raise, dumb-
bell shoulder shrug, pulley tricep, and cable tricep exer-
cises. Training B was composed of back pulldown, seated 
rowing, supinated grip pulldown, inverted dumbbell cross, 
bar curl, Scott curl, and hammer curl exercises. Training 
C was composed of free squats, 45º leg press, seated leg 
extension, table flexion, seated flexion, seated adductor, 
seated calf, and abdominal exercises. The volunteers car-
ried out 3 sets of 10–12 repetitions in each exercise with a 
60–90 s rest interval. The weekly training frequency was 
five days. All the participants carried out the three training 
sessions, that is, on the first day the volunteers did training 
A, on the second they did training B, and on the third they 
did training C. On the fourth day they went back to train-
ing A and so on. In all the training sessions the volunteers 
were monitored by a physical education professional. The 
frequency of the training sessions was greater than 80% 
(40 sessions).

Fig. 1   Study design
Anthropometric Anthropometric 

measures measures Training sessionTraining session 30’30’ 24 h24 h 15’15’15’15’
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Diet and control of physical activity

All the participants were instructed to maintain their normal 
dietary habits and to not consume supplements during the 
study. The participants were instructed to abstain from other 
physical activities throughout the experimental protocol.

Immunoassays

The serum concentrations of IGF-I and IGFBP-3 were deter-
mined by specific immunocolorimetric assays (Immulite 
2000, Siemens, Los Angeles, CA, USA). All the samples 
were analyzed in duplicate in a single assay. The intra-assay 
coefficients of variation for IGF-I and IGFBP-3 were 2.4% 
and 2.3%, respectively.

The serum concentrations of GH were determined by 
chemiluminescence (Immulite 2000, Siemens, Los Ange-
les, CA, USA). All the samples were analyzed in duplicate 
in a single assay. The intra-assay coefficient of variation was 
2.3%.

The serum concentrations of total testosterone were deter-
mined by radioimmunoassay (RIA). All the samples were 
analyzed in duplicate in a single assay. The intra-assay coef-
ficient of variation was 9.4%.

IGF‑1r mRNA expression

Lymphocyte IGF-1r mRNA expression has been considered 
as a possible marker of IGF-1r expression in the whole body 
[10]. Therefore, the IGF-1r expression assessment was car-
ried out through mRNA extraction from peripheral blood 
lymphocytes after separation using the TRISOL technique. 
The extracted mRNA was converted to cDNA by means of 
the reverse transcription technique using the Applied High 
Capacity kit and quantified by specific probes (TaqMan®) 
using the real-time PCR technique (quantitative PCR). The 
IGF-1r gene was analyzed in duplicate using the Real-time 
PCR System device (Applied Biosystems) and as an endog-
enous reference the β2 microglobulin and β-glucoronidase 
(GUSβ) genes were used. As a calibrator a sample obtained 
from a normal individual with age-appropriate weight and 
height was used [11, 12]. IGF-1r gene expression was deter-
mined using the 2−ΔΔCT method [13].

Anthropometric measures

Heights were obtained on a stadiometer fixed to the wall. 
Body weight was measured by a Lucastec—Ple 180 elec-
tronic balance. The skin fold measures were tricep (TR), 
subscapular (SB), suprailiac (SI), and abdominal (AB), 
using a Cescorf adipometer, following the standardiza-
tion of Behnke and Wilmore [14]. The fat percentage esti-
mates were obtained according to the equation proposed by 

Faulkner [15]. After the fat percentage prediction the for-
mulas of Guedes and Guedes [16] were used to determine 
lean mass. For the body muscle mass estimate the equation 
proposed by Lee et al. [17] was used. All the anthropometric 
measures were taken by the same investigator.

Statistical treatment

Bayesian linear regression models, including a random effect 
to contemplate the dependence of the measures on the same 
individual over time, were adjusted after the description of 
the variables according to the time in weeks (pre M1 vs. pre 
M2; pre M1 vs. pre M3; pre M2 vs. pre M3; post M1 vs. post 
M2; post M1 vs. post M3; post M2 vs. post M3; 24h1 vs. 
24h2; 24h1 vs. 24h3; 24h2 vs. 24h3) and within the same 
moment (pre vs. post; pre vs. 24 h; post vs. 24 h at M1, M2, 
and M3). Thus, the differences between the means and the 
95% confidence intervals (95% CIs) were estimated. The 
interpretation of these intervals is that the probability of the 
true difference between means (population) being within the 
lower limit (LL) and the upper limit (UL) is 95%. When the 
zero value is outside these limits we can infer a possible dif-
ference between the times. The JAGS package from the R 
3.5.1 software was used.

Results

IGF‑1r expression

The relative expression of the IGF-1r gene (2−ΔΔCT) 
decreased throughout the 10 weeks of training. A reduction 
in IGF-1r expressions was observed at the pre M2 (− 0.19; 
95% CI − 0.32, − 0.05) and pre M3 (− 0.15; 95% CI − 0.29, 
− 0.01) moments when compared to the pre M1 IGF-1r val-
ues (Table 1). No significant differences were found in any 
of the other comparisons made.

IGF‑I

Over the 10 weeks of training it was possible to observe 
increases in IGF-I concentrations. The pre M3 and post M3 
IGF-I concentrations increased when compared to the pre 
M1 (23.08; 95% CI 4.6, 41.53) and post M1 (14.83; 95% CI 
0.85, 29.23) IGF-I concentrations, respectively (Table 1). 
No significant differences were found in any of the other 
comparisons made.

IGFBP‑3

The variations in IGFBP-3 concentrations over the 10 weeks 
of training did not obtain statistical significance.
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GH

Increases in GH concentrations were observed in the post-
training samples when compared with the pre-training sam-
ples at M1 (2.72; 95% CI 0.82, 4.54) and at M2 (2.16; 95% 
CI 0.36, 4.01) and M3 (3.74; 95% CI 1.22, 6.3). Moreover, 
post 24 h GH serum concentrations were also lower than 
in the post training sample at M3 (− 3.79; 95% CI − 6.33, 
− 1.42) (Table 1). No significant differences were found in 
any of the other comparisons made.

Testosterone

The serum concentrations of total testosterone presented sig-
nificant alterations only at M2. It was possible to observe a 
reduction in total testosterone concentrations after 24 h (24 h 
M2) when compared with pre M2 total testosterone concen-
trations (− 38.94; 95% CI − 69.25, − 9.25) and a reduction 
in 24 h (24 h M2) total testosterone concentrations when 
compared with post M2 total testosterone concentrations 

(− 59.47; 95% CI − 88.61, − 30.43) (Table 1). No signifi-
cant differences were found in any of the other comparisons 
made.

Anthropometry

A reduction in fat percentage was observed between M1 
and M2 (− 0.54; 95% CI − 1.04, − 0.02). Body weight, lean 
mass, muscle mass, and body mass index did not present 
alterations at any moment evaluated (Table 2).

Discussion

This study observed in an original way alterations in IGF-1r 
expression and in IGF-I kinetics over 10 weeks of resistance 
training in young males compatible with increased IGF-I 
bioactivity. After 10 weeks of resistance training a reduction 
was observed in IGF-1r expression and an increase in IGF-I 
concentrations. Acute increases in GH concentrations were 
also observed.

Greater IGF-1r mRNA expression is described in cases 
of reduced IGF-I bioactivity, such as hypoxia [11], partial 
GH/IGF-I resistance [10, 18], and in girls with decelerated 
growth velocity due to central precocious puberty treatment 
with GnRH analogue [19], suggesting the presence of an 
ultrashort feedback cycle dependent on IGF-I bioactivity. 
However, greater IGF-1r expression is often associated 
with greater proliferation and growth of tissues and in tall 
obese children [20]. The expression of an additional allele 
of the IGF-1r gene has been associated with tallness [21] 
and inactivating mutations have been described in cases of 
low height [22] This suggests regulation of the U-shaped 
IGF-1r expression curve, with greater expression in cases 
of reduced bioactivity or an increase in the IGF system and 

Table 1   Serum concentrations of IGF-I, IGF-1r expression, IGF-BP3, 
GH concentrations and serum concentrations of total testosterone of 
the volunteers at the different moments over the 10 week training

Values expressed in mean and standard deviation
Notes: M1: first data collection; M2: second data collection; M3: 
third data collection
*ICr95% for 1st moment vs 2nd moment vs 3rd moment
+ICr95% for pre vs post vs 24 h

Moments

M1 M2 M3

IGF-I (ng/mL)
 Pre 237 ± 48* 250 ± 50 260 ± 59*
 Post 248 ± 50* 249 ± 45 265 ± 61*
 24 h 243 ± 46 250 ± 52 258 ± 56

IGF-1r (2−ΔΔCT)
 Pre 0.71 ± 0.30* 0.52 ± 0.17* 0.56 ± 0.24*
 Post 0.64 ± 0.23 0.56 ± 0.17 0.61 ± 0.24
 24 h 0.65 ± 0.28 0.55 ± 0.15 0.55 ± 0.18

IGFBP-3 (ng/mL)
 Pre 4.00 ± 0.66 4.03 ± 0.62 4.15 ± 4.15
 Post 4.11 ± 0.69 4.12 ± 0.66 4.15 ± 0.77
 24 h 4.06 ± 0.68 4.01 ± 0.77 4.18 ± 0.63

hGH (ng/mL)
 Pre 0.86 ± 1.21+ 0.91 ± 2.34+ 1.06 ± 1.62+

 Post 3.60 ± 5.34+ 3.11 ± 4.49+ 4.85 ± 6.56+

 24 h 0.40 ± 0.86 1.46 ± 2.90 1.02 ± 1.62+

Testosterona (mg/dL)
 Pre 388 ± 81.75 425 ± 18.54+ 388 ± 127.54
 Post 384 ± 86.51 446 ± 31.49+ 400 ± 128.30
 24 h 369 ± 86.51 386 ± 12.29+ 371 ± 127.45

Table 2   Body weight, lean mass, muscle mass, fat percentage, and 
body mass index values of the volunteers at the different moments 
over the 10 week training

Values expressed in mean and standard deviation
M1: first data collection; M2: second data collection; M3: third data 
collection
*95% CI for 1st  moment vs 2nd moment (− 0.54; 95% CI − 1.04, − 
0.02)

Moments

Variables M1 M2 M3

Weight (kg) 76 ± 10.25 76 ± 9.97 76 ± 9.38
Lean mass (kg) 63 ± 7.56 64 ± 7.15 64 ± 6.51
Muscle mass estimate (Kg) 33 ± 2.81 33 ± 2.74 33 ± 2.58
% of fat 16 ± 3.64* 15 ± 3.05* 15 ± 3.14
BMI 24 ± 2.54 24 ± 2.47 24 ± 2.33
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lower expression in normal eutrophic individuals [20]. This 
would enable the modular organism to express the receptor 
in order to offset the alteration of the action provided by 
the modification of the binder concentrations. In the pre-
sent study the increase in IGF-I, without the corresponding 
increase in IGFBP-3, could be responsible for increasing the 
bioactivity of this hormone and inducing a compensatory 
reduction in the expression of its main receptor. It is worth 
mentioning that the metabolic stress caused by exercise cre-
ates an accumulation of metabolites, especially lactate, pyru-
vate, and hydrogen ions [23] which can increase anabolic 
hormone concentrations. This metabolic stress could thus 
explain the increases in GH and IGF-I concentrations [24] 
with it being important to highlight the possibility of the 
increase in IGF-I concentrations also being influenced by 
the increase in GH concentrations [25].

Gonzalez et al. [26] compared the acute effects of two 
resistance training protocols, one with a high volume (5 sets 
of 10–12 repetitions) and the other with a high intensity (5 
sets of 2–5 repetitions). The authors observed greater IGF-
1r phosphorylation in the high-volume training protocol, 
acute increases in IGF-I and GH concentrations after the 
two protocols were executed, and a reduction in testoster-
one concentration one and two hours after training. Under 
this approach, Fragala et al. [27] observed increased IGF-
1r expression and IGF-I concentrations in volunteers after 
three days of a high- intensity training protocol (4 sets of 
10 repetitions). Unlike in the cited studies, in the present 
study the volunteers were subjected to a protocol of high-
volume exercises for 10 weeks, where a reduction in IGF- 1r 
expression and increases in IGF-I and GH concentrations 
were observed.

Researching acute and chronic endocrine responses in 
young people (aged 18–25) with experience with resistance 
training and monitored for 12 weeks, McCall et al. [28] did 
not observe any differences in IGF-I, GH, and testosterone 
concentrations after the 12 weeks, in which the volunteers 
trained three times a week with a high volume (3 sets of 
10 repetitions). Investigating acute endocrine responses in 
physically active young people (± 25 years old), Walker 
et al. [29] monitored their volunteers for 20 weeks of resist-
ance training. The training sessions were applied twice a 
week, with 2–3 sets of 12–14 repetitions being executed for 
10 weeks and 3–5 sets of 8–10 repetitions and a 1–2 min 
interval being executed for 10 weeks. An acute increase in 
total testosterone and hGH concentrations was observed 
immediately after the exercises, remaining like that for 
15 min after the end of the training. Recently, Miranda et al. 
[30] researched acute endocrine responses in 12 trained vol-
unteers (± 25 years old) after executing a resistance training 
session. The volunteers were subjected to a traditional train-
ing protocol (3 sets of 10 repetitions) and a protocol with 
bi-set training exercises (agonistic and antagonistic; 3 sets 

of 10 repetitions). The authors verified an acute increase in 
total testosterone and hGH concentrations after the exer-
cise in the traditional protocol. In the present study, it was 
observed that the protocol of resistance exercises prescribed 
with a high volume executed five days a week chronically 
increased IGF-I concentrations and acutely increased GH 
concentrations over the 10 weeks and, unlike in the cited 
studies, it caused a reduction in testosterone concentrations 
only in the fifth week of training(M2). The higher weekly 
load in the present experimental design may have contrib-
uted to the differences observed.

Eliakin and Nemet [31] postulated the possibility of there 
being a biphasic kinetic of the GH/IGF-I axis, that is, a cata-
bolic phase that is accompanied by a reduction in the con-
centrations of those hormones and that would last approxi-
mately 3–5 weeks, and a second anabolic phase that would 
occur 5–6 weeks into training. According to these same 
authors, exactly how and when this phase change occurs 
and whether a catabolic phase is needed for the occurrence 
of a second, so-called anabolic phase remains unknown. As 
a result of this evidence, Tourinho Filho et al. [32] studied 
young swimmers during a season and observed a biphasic 
kinetic of the GH/IGF-I axis. A reduction was observed 
in IGF-I concentrations during the most intense phase of 
training and an increase in IGF-I concentrations during the 
polishing phase. Fornel et al. [33] also observed a biphasic 
kinetic of the GH/IGF-I axis when monitoring young soc-
cer players during a season. The authors found increases 
in IGF-I concentrations during the initial and intermediate 
phases and a reduction at the end of the season. The present 
study only observed a physiological increase in IGF-I con-
centrations, coinciding with the postulated anabolic phase of 
the exercise. It is believed that this increase was identified as 
a result of an adaptation to the exercise protocol.

The bioavailability of muscle IGF-I and IGF-1r is con-
trolled by the IGF binding proteins [34]. Thus, the adapta-
tions of the IGFBP-3 binding protein to the resistance train-
ing were measured due to their potential action over IGF-I. 
Kraemer and Ratamess [9] also add that little is known about 
the kinetics of IGFBP-3 in chronic protocols in resistance 
training. In the study conducted by Borst et al. [35] a 20% 
reduction was observed in IGFBP-3 concentrations between 
the 13th and 25th week of weight training. Unlike in the 
present study, IGFBP-3 was not sensitive to the effects of 
the training. IGFBP-3 showed independent and insensitive 
kinetics over the 10 weeks of training.

Despite no alterations being observed in lean and muscle 
mass, it is not possible to ignore the action exerted by the 
hormonal alterations. Increases in anabolic hormones, such 
as testosterone, hGH, and IGF-I, can cause muscle growth 
and strength gain [9]. For Gomes et al. [36] a reduced quan-
tity of muscle growth after resistance training is observed 
in trained individuals. Grgic et al. [37] also adds that as 
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the “adaptation window” decreases during resistance train-
ing over the long run, more scientific recommendations are 
needed to adequately address the elaboration of a training 
program focused on trained populations that seek to increase 
strength and muscle hypertrophy.

The limitations of the study include the sample size. 
However, the number of subjects who participated is in 
line with the literature. Another limitation was the lack of 
gene expression analysis of GH receptors, Testosterone and 
IGFBP-3 binding protein. We believe future studies could 
include them.

In conclusion, the resistance training protocol prescribed 
for muscle hypertrophy did not suppress the GH-IGF-I axis, 
but it did cause alterations in IGF-1r gene expression and in 
IGF-I kinetics compatible with increased IGF bioactivity. 
The reduction in IGF-1r expression would reflect greater 
IGF- I action, through an increase in serum concentrations 
or alterations in bioavailability. These alterations could be 
induced both by the acute increase in GH in each training 
cycle and by the metabolic state triggered by the exercises.
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