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Abstract: Cytokine and hormone concentrations can be linked to the manipulation of training
variables and to subsequent alterations in performance. Subjects: Nine D-1 collegiate throwers and
4 control subjects participated in this preliminary and exploratory report. Methods: Hormone
(testosterone (T) and cortisol (C)) and adipokine (adiponectin, leptin, and resistin) measurements
were taken at weeks 1, 7, and 11 for the throwers and weeks 1 and 11 for the control group. The
throwers participated in an 11-week periodized resistance training and throws program during the
fall preparatory period. Volume load was recorded throughout the study. Results: Hormone values
did not exhibit statistically significant changes across time; however, there were notable changes for
C, the testosterone to cortisol ratio (T:C), and adiponectin. Conclusions: T:C was increased as
volume load decreased, and adiponectin increased in concert with decreases in C and increases in
the T:C, possibly suggesting a lesser degree of obesity-related inflammation and a higher degree of
“fitness” and preparedness.
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1. Introduction

Training is a process in which a stimulus is applied, and with proper planning and associated
recovery, adaptations can then occur. The stressors of daily life and training are cumulative and can
overwhelm the adaptive ability of the athlete resulting in symptoms related to poor fatigue
management, such as excessive inflammation and certain hormonal responses [1]. In some instances,
chronic fatigue can potentially lead to the development of overtraining syndrome, where prolonged
periods of high volume or intense training begin to result in otherwise unexplained deteriorations in
performance along with symptoms such as fatigue, depression, muscle and joint discomfort, reduced
appetite, and disrupted sleep [1,2]. Therefore, in addition to providing a sufficient stimulus to disrupt
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homeostasis, fatigue management is of primary importance in producing optimum performance
adaptations. Poor fatigue management that results in maladaptations is often reflected by changes in
resting hormone and cytokine concentrations that are indicative of accumulated fatigue [1,2].

Fatigue is a necessary consequence of training. Indeed, fatigue, in some form and to some degree,
is required to elicit adaptation, and thus is not simply always undesirable [3,4]. Grandou [4] describes
important aspects of the time course for recovery in an attempt to help coaches better understand
and utilize functional overreaching, a strategy in which performance and/or relevant performance-
based adaptation(s) rebounds beyond baseline following a period of increased fatigue. In contrast,
nonfunctional overreaching involves a fatigue state that either lasts longer than desired and/or only
leads to an eventual return to baseline and thus no performance improvement or adaptation
enhancement [3,4]. While nonfunctional overreaching is ideally avoided, it is acute and thus less
severe than overtraining syndrome (OTS), which is a chronic issue that requires a substantial de-
loading period simply to return to baseline [3,4]. Cadegiani and Kater [3] describe that the general
hormone symptomology between overreaching (functional and nonfunctional) and OTS can be
similar (e.g., increased cortisol); however, important differences can exist in the magnitude and time
course. Therefore, the monitoring of biochemical markers may offer some insight into how an athlete
is responding to the training process.

Hormone and cytokine concentrations have been linked to the manipulation of training
variables and subsequent alterations in performance [5-7]. An athlete’s total training volume (work
performed) has been shown to influence the athlete’s hormone and cytokine profile [1,8]. For
example, alterations in the testosterone/cortisol ratio (T:C) have been associated with changes in
training volume as well as physiological aspects such as lean body mass (LBM), fat content, and
strength/power performance [5,8,9]. Thus, the T:C ratio is commonly referred to as a marker of an
athlete’s preparedness [5,8,9]. When the T:C ratio is elevated, an athlete is better able to express their
cumulative adaptations, as fitness is higher in comparison to fatigue [5]. Cytokine production is part
of the adaptive process; however, markedly increased/excessive cytokine accumulation has been
related to poor fatigue management and overtraining [1,9]. Thus, the T:C ratio in combination with
cytokine responses may provide a composite indication of how the volume and intensity of training
are affecting the athlete physiologically.

Chronic fatigue, as well as the overtraining syndrome, both resulting from poor fatigue
management, have been associated with excessive cytokine production and inflammation [1,9]. The
adipokines adiponectin, resistin, and leptin are cytokines that have been associated with a number of
health-related conditions related to obesity-induced inflammation [10]. Resting adiponectin
concentrations are generally inversely related to these inflammatory conditions, while leptin and
resistin are positively associated [10]. However, adiponectin appears to be positively correlated with
non-obesity-related inflammatory conditions [10] and inflammation in tissues such as the joint
synovium and colonic epithelium. This indicates that adiponectin may be regulated in the opposite
direction in tissue-specific versus obesity-associated inflammatory conditions [10]. These findings
suggest that all inflammation is not the same or at least is produced as a result of differing
mechanisms. Although adiponectin concentration has been shown to increase acutely as a result of
resistance exercise among weight-trained athletes [11], studies comparing the effects of endurance or
resistance training on resting adiponectin concentration have found little effect over 12 [12] and 16
weeks [13]. An increased concentration of adiponectin would be a potentially advantageous trend
because adiponectin is generally associated with reductions in obesity-related inflammation [14]; on
the other hand, it could be related to increased joint inflammation, which is a more negative outcome
of training. Therefore, further study needs to be conducted to better understand the response of
adiponectin in athletes throughout a training period or competitive season.

Interestingly, adiponectin has been shown to have an inverse relationship with resting cortisol
concentrations [15]. Fallo [15] demonstrated that glucocorticoids inhibit adiponectin due to both
exogenous administration to healthy subjects and endogenous cortisol hyperproduction [15].
Prolonged poor fatigue management, often associated with increased glucocorticoid production, and
an increase in an athlete’s overtraining potential can accompanied by increased psychological stress
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[16]. Increased cortisol and low adiponectin concentrations may be associated with psychological
manifestations accompanying accumulated training-induced fatigue. For example, lower
adiponectin concentrations have been associated with increased susceptibility to depressive
behaviors and impaired glucocorticoid-mediated negative feedback on the hypothalamic—pituitary
axis [17], which is a process related to cumulative fatigue. Therefore, decreased cortisol and
corresponding increased adiponectin concentrations may be indicative of lower psychological stress
levels, but this is not yet well studied in athletic populations.

Adiponectin, leptin, and resistin are proteins (adipokines) that are synthesized and released
from adipose tissue, with small amounts being produced in muscle [14,18] Often measured in obesity
studies, these three cytokines have been linked to body fat content, inflammation, increased resting,
and exercise-induced peripheral resistance as well as increased blood pressure. Adiponectin is
believed to be cardioprotective in nature, producing increases in nitric oxide and vasodilatation, and
it is generally associated with reduced inflammation [14] Resistin and lepin are directly related to fat
mass and are atherogenic; they promote oxidative stress by decreasing nitric oxide production and
promote inflammation [18-20].

Among sedentary populations, leptin and resistin have both been positively correlated with a
wide range of adverse health outcomes [18-20]. However, among well-trained athletes [21] (sprinters,
middle distance, and marathon runners), resistin has been shown to be elevated in comparison to
controls, even though whole-body insulin sensitivity and lipid oxidation levels were higher [20].
From a speculative standpoint, it may be possible that the elevated concentrations of resistin and
leptin noted among track athletes by Peresghin et al. [22] were a result of non-obesity-linked
inflammation (e.g., perhaps training related). Two studies examining leptin response to resistance
training [23,24] found no significant changes, while a study by Guadalupe-Grau et al. [25] found
significant changes in serum leptin levels in females after 9 weeks of resistance training (no significant
differences were found in the males). Varady et al. [26] investigated acute adipokine responses for
males placed in different exercise groups (resistance exercise, resistance exercise plus running,
running only). The 2 groups that involved resistance training demonstrated statistically significant
increases in adiponectin and statistically significant decreases in resistin. Leptin did not change.

Unique Aspects: Nature of the Report

This investigation was intended to be largely descriptive and exploratory in an effort to better
understand biochemical alterations in a real world, athlete monitoring setting (high ecological
validity). Due to low sample size and other factors (mix of males and females, control group being
non-athletes, low in size, lack of clear parameters for adipokines in a sport/training context), the
authors did not consider this work to be a traditional biochemical experiment but rather more in the
nature and style of a scientific report and fitting of the growing interest in applied sport science work
(e.g., sport scientists writing and submitting data collected with athletes under their care). The project
involved several unique aspects:

e  The athletes were highly resistance trained and possessed high strength levels. As evidence of
this, all of the males produced a peak force over 6000 Newtons and the females produced a peak
force over 4000 Newtons in the isometric clean-grip mid-thigh pull, which was carried out
periodically throughout the study (weeks 1, 7, and 11). See Haff et al. [5] for methodology used.

e  The training prescription was measured and reported in detail, including both the weight room
work performed (sets and reps, exercises, prescribed intensities, volume load, and training
intensity) as well as the athletes’ practice data (particularly unique was the monitoring of every
throws practice). To the authors” knowledge, for training studies on throwers, the inclusion of
the number of throws has yet to be included along with weight room data. Indeed, a primary
goal was for the ability of the training plan to be replicated; thus, the specific sets and reps and
intensities provided for each training day.

e  There is an extensive body of literature investigating the effects of training on testosterone and
cortisol. Of note is a highly ecologically valid study recently conducted by Painter et al. [27] in
which the T:C ratio was monitored across several months of training in D1 track and field
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athletes. However, there is a lack of research in athletes examining the potential concomitant
changes to adipokine concentrations over a given training period (e.g., training study). Of
particular interest (secondary outcome) was the potential usefulness of the adipokines measured
throughout as a monitoring tool, thus the inclusion of commonly utilized biochemical markers
(T and C) along with the more exploratory adipokines.

2. Materials and Methods

Testing was conducted as part of an ongoing athlete monitoring program. All testing took place
in the Exercise and Sport Science Laboratory on the campus of East Tennessee State University in
accordance with East Tennessee State University Institutional Review Board approval (IRB # 09-233s,
9/4/09). All subjects read and signed informed consent documents pertaining to all testing
procedures.

2.1. Subjects

Nine D-1 collegiate throwers and four control subjects participated in the study. Anthropometric
data are presented in Table 1. These athletes had a resistance training background ranging from 2 to
4 years at the collegiate level. The ability level of the throwers (6 male and 3 female) ranged from
conference champions and contending National Collegiate Athletic Association (NCAA) Division I
regional qualifiers to conference non-scorers. Throwing performance (taken from NCAA sanctioned
meets) ranged from 10.98 to 16.9 m in the shot put and 12.03 to 18.6 m in the weight throw. The
throwers were instructed not to change their dietary habits during the study. Additionally, based on
questionnaire data, none of the female athletes reported taking oral contraceptives during the study.
The control subjects (3 males and 1 female) were sedentary individuals and were instructed not to
change their dietary habits and to remain sedentary throughout the study. It is worth mentioning
that the control group was overfat and thus, this potentially influenced adipokine concentrations
(e.g., elevated leptin).

Table 1. Initial Subject Characteristics for Throwers and Controls.

Variable Throwers (n=9) Controls (n=4)

Age (y) 19.9+1.1 23.6+4.1
Height ((m)  181.8+10.6 175.1 7.4
Weight (kg)  105.5+20.8 83.0+13.6
Body Fat (%) 22.8+5.8 28.0 +8.9

means and standard deviations.

2.2. Experimental Design

Prior to the initiation of the study, the throwers executed 4 weeks of moderately high volume,
moderate training intensity (loading) resistance, conditioning, and throwing. This 4-week period
consisted of 3 x 5 (1 x 5 down set) repetitions in the weight room using a 3-week increasing load and
1-week unloading scheme. Additionally, there was a moderate to high volume of throws, 2-3 days
per week of 20-50 throws/day. Furthermore, throwing days (throughout the 11 weeks) were
preceded with various warm-up/conditioning drills, including high knees, butt kicks, karaoka, and
3-5 short submaximal (70-90% effort) sprints). Throws were followed by mid-section exercises
(basket hangs, candlesticks) and light stretching.

This study was viewed as a hypothesis-generating study of a longitudinal nature, analyzing
physiological changes over 11 weeks of training in 9 D-1 collegiate throwers. Throwers executed a
block periodized/programmed [28-30] throws and resistance training and conditioning program
(e.g., various weighted medicine ball throws, sprints) that was structured and sequenced to enhance
strength characteristics to potentially optimize performance for the upcoming indoor conference
championships and produce an initial foundation for training for the outdoor season. Laboratory
personnel observed and recorded all training for every weight room and throwing session. A series
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of three testing periods were implemented periodically during the study (weeks 1, 7, and 11) to
measure total T, C, adiponectin, leptin, and resistin. The control group were measured at weeks 1
and 11 (no mid-testing) and underwent the same testing protocol as the throwers.

2.3. Procedures

Subject height was measured using a stadiometer (Detecto, Webb City, MO, USA) and recorded
to the nearest centimeter. Body mass was determined using an electronic scale and was measured to
the nearest 0.1 kg (BodPOD, COSMED USA, Chicago, IL). Body composition was assessed through
the use of plethysmography (BodPOD, COSMED USA, Chicago, IL USA) [31].

Blood was collected by a trained phlebotomist from an antecubital vein using 21Gx 1-1/2”
multiple sample needles and 8.5 mL (16 x 100 mm) clot activator blood collection tubes. Blood draws
occurred first thing Monday morning after a (minimum) 12 h fast. The samples were allowed to clot
and were then centrifuged to separate the serum. Then, the serum was pipetted into Eppendorf tubes
and frozen in a -80 °F freezer. All samples were analyzed in duplicate at the end of the study.
Testosterone (T), cortisol (C), adiponectin, leptin, and resistin were measured by ELISA (DRG
International, Mountainside, NJ, USA), intra assay CVs were <4.1%.

2.4. Testing/Training Protocol and Timeline

Multiple sources in the literature served as the foundation for the training prescription [30,32,33].
Although indoor track and field is a season, it is unlike many team sports in that every competition
is not of equal importance. For this group of athletes, the primary competition of the indoor season
is the conference championships. Thus, the thrower’s overall program was designed to peak the
athletes for this event. Since the experiment only continued until the start of the indoor season, the
study primarily involved the preparation period of training, which preceded the competitive season.
The primary objective of this training period was to raise the work capacity and strength endurance
levels of the athletes and ensure a reasonable level of preparedness prior to the indoor season.

The resistance training program was sequenced with a series of three 3—4 week concentrated
loads (summated microcycles) of training. These concentrated loads were based on Plisk and Stone
[32] and Stone et al. [33,34] and consist of a primary adaptation objective for a given period of time.
This periodization method is similar in construction to “Block” and “Phase Potentiation” models of
periodization/programming, which encompass several concentrated loads and periods of
accumulation, transmutation, and realization [29]. The approach of this model is to take advantage
of training after-effects that can potentiate adaptations in the subsequent phases of training [29,32,33].

The study began with a brief period of higher volume and less technical work with an emphasis
on strength endurance, eventually shifting to a focus on strength and a slight increase in technical
work. Table 2 shows the weekly set and repetition schemes, Table 3 shows the relative intensities for
the target sets (warm-up sets are not shown, but all warm-up sets were recorded and used in volume
load data analyses) and down sets, and Table 4 illustrates the exercises. Volume load was calculated
as repetitions times load. Exercises were chosen in concert with the set/repetition scheme to achieve
the goals and objectives of each concentrated load.

Table 2. Training Phase and Corresponding Set and Repetition Scheme.

Block1 Strength Endurance

Week 1 3x10
Week 2 3 x5 (1x10)
Week 3 3x5(1x10)
Block 2 Strength Phase 1
Week 4 5x5

Week 5 3x5(1x5)
Week 6 3x5(1x5)
Week 7 3x5(1x5)

Block 3 Strength Phase 2
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Week 8 3x10

Week 9 3x5(1x5)
Week 10 3x3(1x5)
Week 11 3x2(1x5)

Table 3. Prescribed Relative Intensities in the Form of Percentage of Set-Rep Best.

Week Monday Wednesday Thursday Saturday
B1

1 75-80% 70-75% 70-75% 80-85%

2 85-90% 75-80% 80-85% 80-85%

3 90-95% 80-85% 80-85% 80-85%
B2
4 80-85% 70-75% 70-75% 80-85%

5 85-90% 70-75% 80-85% 80-85%

6 90-95% 80-85% 80-85% 80-85%

7 80-85% 80-85% 70-75% 70-75%
B3

8 80-85% 70-75% 75-80% 80-85%

9 85-90% 75-80% 80-85% 80-85%
10 90-95% 80-85% 80-85% 80-85%
11 95-100% 80-85% 85-90% 80-85%

Table 4. Exercises across the Three Blocks of Training.

Block 1 Block 2 Block 3
Monday Monday Monday
AM AM AM
Squats Squats Squats

Press Push Press Push Jerk
PM PM PM
Bench Press Incline Press Incline Press
Dumbbell Front Raise Dumbbell Front Raise Dumbbell Front Raise
Wednesday Wednesday Wednesday
AM AM AM
Light Power Snatch Light Power Snatch Light Power Snatch

Clean Grip Shoulder Shrugs
Clean Grip Mid-Thigh Pulls

Clean Grip Shoulder Shrugs
Clean Grip Mid-Thigh Pulls

Clean Grip Shoulder Shrugs
Clean Grip Mid-Thigh Pulls

PM

PM

PM

Light Power Snatch
Clean Grip Shoulder Shrugs
Clean Grip Pulls from Knee

Light Power Snatch
Clean Grip Shoulder Shrugs
Cleans (1 target set)

Light Power Snatch
Clean Grip Shoulder Shrugs
Cleans (1 target set)

Friday Friday Friday
AM AM AM
Squats Squats Squats
Press Push Press Push Jerk
PM PM PM
Bench Press Incline Press Incline Press
Dumbbell Front Raise Dumbbell Front Raise Dumbbell Front Raise
Saturday Saturday Saturday
Light Power Snatch Light Power Snatch Light Power Snatch
Ball Throws Ball Throws Ball Throws

Pull Ups
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2.5. Statistical Analyses

Data were analyzed using the Statistical Package for the Social Sciences (SPSS) 17.0 (SPSS Inc.,
Chicago, IL, USA). Multiple (1 x 3) repeated measures analysis of variance (ANOVA) (with
Mauchley’s sphericity) was used to determine if statistically significant differences existed between
the measurement times for all throwers tested. Additionally, multiple (1 x 2) ANOVAs were used to
determine if statistically significant differences existed between the measurement times for all control
subjects tested. To control for potential sex differences, a between-subjects factor was included for
the repeated measures ANOVA. The alpha criterion for determining statistical significance was set
at p <0.05. Additional analyses were performed using effect size (eta squared)) and the coefficient of
variation for the percent gain over time and 95% confidence intervals [35]. Additionally, when
appropriate, Pearson’s r was utilized to assess relationships. Where applicable, data were
allometrically scaled to help obviate body mass differences among individuals and between sexes
using the following equation: absolute value/body mass ©[34,36].

3. Results

Training data are presented in Table 5 and Figure 1 (volume load and average training intensity)
and 2 (throwing data). No statistically significant differences were found between the control group
and the throwers when analyzing resting T, C, adiponectin, leptin, and resistin blood concentrations.
Additionally, there was no significant interaction effect for sex for any of the variables. Furthermore,
neither the controls nor the throwers statistically changed body mass or body composition over the
investigation. Group means, standard deviations, and statistical differences for the throwers’
hormone concentrations are presented in Table 6. Resting T, C, adiponectin, leptin, and resistin
concentrations did not significantly change from T1 through T3. However, from a practical
standpoint, it is important to note that based on effect size, %A (see Table 6), and the CV (see Table
7), T:C ratio (see Figure 3), C (see Figure 4), and adiponectin showed trends suggesting that training
may have affected the resting concentrations. Interestingly, both C and adiponectin showed
consistent alterations; C concentrations decreased over all 3 testing sessions (see Table 6 and Figure
4). Furthermore, adiponectin demonstrated increases across the 3 testing sessions (see Table 6 and
Figure 5). An inverse relationship (r = -0.57) between the percent change in C and adiponectin was
observed from T1 to T3.

Table 5. Training Program Summary Data.

Volume Load (kg) Training Intensity (kg)
Weeks 1-7 136,639.9 =+ 41,143.7  59.3 14.9
Weeks 8-11 94,159.2 + 28,389.6  62.3 15.0
Weeks 1-11 230,799.1 + 69,2722  60.4 * 14.9
Volume Load: Wks 1-7 > wks 8-11 (p = 0.93, ES = 1.24).

+

+ O+
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Figure 2. Throwers’” Weekly Throwing Volume.
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35000 T/C Ratio 0.04
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Figure 3. Throwers’ Volume Load and the Testosterone/Cortisol (T:C) Ratio.

Table 6. Hormone and Adipokine Data over Time for Throwers (Means +/— SD, Effect Size and %A).

Testing 1 Testing 2 Testing 3 N2> %A Pre to Week 11
Testosterone (nmol/L) 14.6 £10.3 18.9+15.7 149+11.1 0.24 0.2
Cortisol (nmol/L) 673 197 612 + 265 586 + 235 0.39 -12.9
T:C ratio (nmol/L) 0.025 £ 0.018 0.039 +0.036 0.032+0.029 0.23 28
Adiponectin (ug/mL)  6.573 + 3.539 7.181 +5.175 7.842+4.501 0.29 19.3
Leptin (ng/mL) 19.877 +10.739 17.902+16.363 20.851+12.18 0.066 4.9
Resistin (ng/mL) 30.7+12.3 37.9+16.6 254+14.4 0.48 -17.3
Cortisol
1500 +

1000 A

nmol/L

5004

Figure 4. Cortisol Measures Pre and Post for the Throwers and Control Group.
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Figure 5. Adiponectin Measures Pre and Post for the Throwers and Control Group.
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Table 7. Coefficient of Variance for Throwers.

Coefficient of Variance

Comparison Times Variable (%)  95% Confidence Interval
Testosterone  45.3 28.7 - 104.6
Cortisol 18.3 12.0 - 38.0
T1 vs. T2 T:.C Ratiq 44.8 28.4 - 103.3
Adiponectin  81.7 49.7 - 214.0
Leptin 88.7 53.5 - 237.4
Resistin 31.6 20.4 - 69.3
Testosterone  39.3 25.1 - 88.8
Cortisol 16.0 10.5 - 32.8
T:C Ratio 37.5 24.0 - 84.1
Thvs. 13 Adiponectin 358 230 - 79.8
Leptin 49.1 31.0 - 115.1
Resistin 35.6 22.8 - 79.2
Testosterone  31.0 20.0 - 67.7
Cortisol 20.4 13.3 - 42.6
T2 vs. T3 T:C Ratio 37.2 23.8 - 83.2
Adoponectin  59.8 37.3 - 145.5
Leptin 1134 66.9 - 327.3
Resistin 36.3 23.3 - 81.0

4. Discussion

10 of 14

Based on the results of this investigation, it appears that the training program may have
produced some beneficial physiological effects. These effects indicate a reasonable degree of fatigue
management in that C decreased, and the T:C ratio was increased as the volume load decreased. The
present observation indicates that adiponectin increased in concert with decreases in C and
improvements in the T:C ratio. If increases in adiponectin are a positive outcome of a sound training

protocol, these findings indicate a lesser degree of obesity-related inflammation and a higher degree
of “fitness” and preparedness. Although the hormone and cytokine changes were relatively small,



J. Funct. Morphol. Kinesiol. 2020, 5, 44 11 of 14

they may have been practically meaningful. Very small alterations in physiology and training
performance can make large differences in competition [35]. It is also likely that these variables do
not change to a large magnitude in the absence of very extreme training stimuli. Therefore, typical
training periods where fatigue is effectively managed likely will not result in substantial hormonal
or adipokine fluctuations.

No statistically significant changes were demonstrated in resting T, C, adiponectin, leptin, or
resistin by the throwers or the control group. However, certain trends in the data may be associated
with important alterations in the throwers’ physiology and performance. Three potential changes (C,
T:C, and adiponectin) noted in the data are discussed below.

Cortisol is an anti-inflammatory and catabolic hormone. Increases in the concentration of C have
been associated with relatively long-term (weeks) increased resistance training volume [8]. The
steady decreases in C within this sample suggest that training stress was decreased at specific points
in time. In support of this contention, measurements from weeks 7 and 11 corresponded to periods
in which the volume load had been decreased, and training stress should have been at its lowest.

Of particular importance is the T:C ratio, as this is the ratio of a strong anabolic hormone and a
strong catabolic hormone and is viewed as an anabolic index [5,37]. Thus, training-induced
alterations in this ratio may reflect changes in the athlete’s physiology and preparedness. It has been
suggested that only minimal changes in the T:C ratio may be necessary to effect performance
alterations and preparedness for sport [5,27,37]. Before the present study was initiated, the throwers
had just completed a moderate to a high volume of training lasting several weeks, which may
partially explain the relatively low T:C ratio noted at T1. Subsequently, the T:C ratio was markedly
higher compared to T1 at weeks 7 and 11 when training volume load had been reduced (Figure 3).

In the present study, there was a gradual increase in the throwers’ adiponectin levels (T1 = 6.573
ng/mL, T2 =7.181 ng/mL, T3=7.842 ng/mL), which appeared to parallel the reduction in C (T1 = 673
nmol/L, T2 = 612 nmol/L, T3 = 586 nmol/L). These findings perhaps suggest less fatigue and lower
stress as training volume was reduced. It is particularly noteworthy that the increased serum
adiponectin is perhaps reflective of a release of adiponectin caused by alterations in muscle
production. This may have resulted in a “localized” protective mechanism that could counteract
oxidative stress and resultant cellular damage [38]. While fluctuations occurred for the hormones and
adipokines throughout the study, all 5 variables were considered to remain in “normal ranges”. Thus,
this suggests that fatigue was properly managed.

It is worth noting that the female subjects’ menstrual cycles were not monitored. A recent study
be Wyskida et al. [39] assessed menstrual cycle changes in 52 young, healthy, normal weight females
measuring adiponectin, leptin and resistin (among other adipokines) at 2-4 days, 12-14 days, and
days 24-26. Leptin (and vaspin) were affected by changes via menstrual cycle while resistin and
adiponectin were not altered [39]. More specifically, leptin (and vaspin) demonstrated increases in
both midcycle and luteal phases corresponding with changes in the secretion of testosterone, 17-OH
progesterone, and insulin in the luteal phase [39]. Thus, a limiting factor of this is study is that for
leptin, the menstrual cycle may have potentially influenced alterations for the female subjects. It is
worth noting that none of the female athletes reported using hormonal contraceptives.

4.1. Practical Application

Coaches can use scientifically supported periodization models to manage fatigue and optimally
direct training processes to optimally develop the preparedness of their athletes. The monitoring of
biochemical markers may provide coaches some insight into how an athlete’s physiology changes
throughout training. Some practical limitations for measuring biochemical markers include financial
constraints and the understanding that values for biochemical markers are often not obtained
immediately after a blood draw session. Due to the delay in receiving the values for a given marker(s),
biochemical monitoring commonly is used for global reflection (e.g., responses across several phases
of training). Thus, if a fatigue-related problem exists for an athlete, it may not be detected soon
enough. Consequently, other monitoring tools are recommended for coaches to utilize (e.g.,
neuromuscular tests, questionnaires, etc.). Even in cases in which biochemical testing is far too
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impractical, detailed periodized/programming training studies using athletes, such as this one, can
be useful for coaches that are determining what periodization/programming model they find most
appropriate for their given situation. In this study, the periodized/programming training prescription
appeared to soundly manage stress and fatigue as reflected by the small trends in certain biochemical
markers such as C and adiponectin.

4.2. Relevant Contribution

In athletic populations and training environments, parameters (boundaries) for adipokines are
not nearly as established as T and C; however, it is promising that all markers (both T and C and the
three adipokines) stayed within “normal” ranges. While further study is certainly needed, it appears
that adipokines are a potentially promising group of biochemical markers for the purposes of athlete
monitoring. A major goal of athlete monitoring is to better understand both the training performed
and the individual physiological response over time. Monitoring the training process of an athlete is
best done with a constellation of markers versus a single marker and including the inflammatory-
related hormone response may be another helpful piece of the overall athlete response puzzle.

Author Contributions: Conceptualization, W.G.H.,, M.H.S.,, M.E.S.,, TN.T., G.G.H.; methodology, W.G.H.,
M.W.R., M.H.S; formal analysis, G.G.H.; investigation, W.G.H., M.H.S. ].P.H.; resources, M.H.S.,, M.W.R,, T.N.T.;
writing—original draft preparation, W.G.H.,, M.H.S., G.G.H.; writing—review and editing, W.G.H., D.A.S,,
J.P.H..; supervision, W.G.H., M.H.S.; project administration, M.H.S. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: All authors have read and agreed to the published version of the manuscript. The authors
declare no conflict of interest.

References

1. Smith, L.L. Cytokine hypothesis of overtraining: A physiological adaptation to excessive stress? Med. Sci.
Sports Exerc. 2000, 32, 317-331.

2. Angeli, A,; Minetto, M.; Dovio, A.; Paccotti, P. The overtraining syndrome in athletes: A stress-related
disorder. J. Endocrinol. Investig. 2004, 27, 603—-612.

3.  Cadegiani, F.A ; Kater, C.E. Hormonal aspects of overtraining syndrome: A systematic review. BMC Sports
Sci. Med. Rehabil. 2017, 9, 14.

4. Grandou, C.; Wallace, L.; Impellizzeri, F.M.; Allen, G.N.; Coutts, A.]. Overtraining in Resistance Exercise:
An Exploratory Systematic Review and Methodological Appraisal of the Literature. Sports Med. 2020, 50,
815-828.

5. Haff, G.G,; Jackson, J.R.; Kawamori, N.; Carlock, ].M.; Hartman, M.].; Kilgore, ]J.L.; Morris, R.T.; Ramsey,
M.W.; A Sands, W.; Stone, M. Force-time curve characteristics and hormonal alterations during an eleven-
week training period in elite women weightlifters. J. Strength Cond. Res. 2008, 22, 433—446.

6. Ishigaki, T.; Koyama, K.; Tsujita, J.; Tanaka, N.; Hori, S.; Oku, Y. Plasma leptin levels of elite endurance
runners after heavy endurance training. J. Physiol. Anthropol. Appl. Hum. Sci. 2005, 24, 573-578.

7. Jurimae, J.; Maestu, J.; Jurimae, T.; Mangus, B.; von Duvillard, S.P. Peripheral signals of energy homeostasis
as possible markers of training stress in athletes: A review. Metab. Clin. Exp. 2011, 60, 335-350.

8.  Hakkinen, K. Neuromuscular and hormonal adaptations during strength and power training. A review. J.
Sports Med. Phys. Fit. 1989, 29, 9-26.

9.  Stone, M.H; Keith, R.; Kearney, J.T.; Fleck, S.J.; Wilson, G.D.; Triplett, N.T. Overtraining: A review of the
signs and symptoms and possible causes of overtraining. J. Appl. Sports Sci. Res. 1991, 5, 35-50.

10. Fantuzzi, G. Adiponectin and inflammation: Consensus and controversy. J. Allergy Clin. Immunol. 2008, 121,
326-330.

11.  Vincent, W.J. Statistics in kinesiology, 3rd ed.; Human Kinetics: Champaign, IL, USA, 2005

12.  Ahmadizad, S.; Haghighi, A.H.; Hamedinia, M.R. Effects of resistance versus endurance training on serum
adiponectin and insulin resistance index. Eur. J. Endocrinol. 2007, 157, 625-631.



J. Funct. Morphol. Kinesiol. 2020, 5, 44 13 of 14

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

Ihalainen, ].K.; Peltonen, H.; Paulsen, G.; Ahtiainen, ].P.; Taipale, R.S.; Himaéldinen, M.; Moilanen, E.; Mero,
A.A. Inflammation status of healthy young men: Initial and specific responses to resistance training. Appl.
Physiol. Nutr. Metab. 2018, 43, 252-258.

Bouassida, A.; Chamari, K;; Zaouali, M.; Feki, Y.; Zbidi, A.; Tabka, Z. Review on leptin and adiponectin
responses and adaptations to acute and chronic exercise. Br. . Sports Med. 2010, 44, 620-630.

Fallo, F.; Scarda, A.; Sonino, N.; Paoletta, A.; Boscaro, M.; Pagano, C.; Federspil, G.; Vettor, R. Effect of
glucocorticoids on adiponectin: A study in healthy subjects and in cushing's syndrome. Eur. J. Endocrinol.
2004, 150, 339-344.

Morgan, W.P.; Brown, D.R,; Raglin, ]J.5.; O’Connor, P.J.; Ellickson, K.A. Psychological Monitoring of
Overtraining and Staleness. Br. |. Sports Med. 1987, 21, 107-114.

Liu, J.; Guo, M.; Zhang, D.; Cheng, S.Y.; Liu, M.; Ding, J.; Scherer, P.E.; Liu, F.; Liu, X.Y. Adiponectin is
critical in determining susceptibility to depressive behaviors and has antidepressant-like behavior. Proc.
Natl. Acad. Sci. USA 2012, 109, 12248-12253.

La Cava, A.; Alviggi, C.; Matarese, G. Unraveling the multiple roles of leptin in inflammation and
autoimmunity. |. Mol. Med. 2004, 82, 4-11.

Li, J.; Li, F.; Zhao, A. Inflammation and leptin. Drug Discov. Today Dis. Mech. 2006, 3, 367-393.

Pang, S.S.; Le, Y.Y. Role of resistin in inflammation and inflammation-related diseases. Cell. Mol. Immunol.
2006, 3, 29-34.

Kraska, J.M.; Ramsey, M.W.; Haff, G.G.; Fethke, N.; A Sands, W.; Stone, M.E.; Stone, M.H.; Nate, F.;
Gregory, H.G. Relationship between strength characteristics and unweighted and weighted vertical jump
height. Int. J. Sports Physiol. Perform. 2009, 4, 461-473.

Perseghin, G.; Burska, A.N.; Lattuada, G.; Alberti, G.; Costantino, F.; Ragogna, F.; Oggionni, S.; Scollo, A.;
Terruzzi, 1.; Luzi, L. Increased serum resistin in elite endurance athletes with high insulin sensitivity.
Diabetologia 2006, 49, 1893-1900.

Ara, LP.-G,; Vicente-Rodriguez, G.; Chavarren, J.; Dorado, C.; Calbert, J.A. Serum free testosterone, leptin
and soluble leptin receptor changes in a 6-week strength training programme. Br. ]. Nutr. 2006, 96, 1053—
1059.

Zafeirdis, A.; Smilios, I.; Considine, R.V.; Tokmakidis, S.P. Serum leptin after acute resistance exercise
protocols. J. Appl. Physiol. 2003, 94, 591-597.

Guadalupe-Grau, A.; Perez-Gomez, ].; Olmedilla, H.; Chavarren, J.; Dorado, C.; Santana, A.; Serrano-
Sanchez, J.A. Strength training with plyometric jumps in adults in fat-bone axis adaptations. J. Appl. Physiol.
2009, 106, 1100-1111.

Varady, K.A.; Bhutani, S.; Church, E.C.; Phillips, S.A. Adipokine responses to acute resistance exercise in
trained and untrained men. Med. Sci. Sports Exerc. 2010, 42, 456-462.

Painter, K.B.; Haff, G.G.; Triplett, N.T.; Stuart, C.; Hornsby, W.G.; Ramsey, M.R.; Bayzler, C.D.; Stone, M.H.
Resting hormone alterations and injuries in block vs. DUP weight training among D-1 track and field
athletes. Sports 2018, 6, 1-15.

Bompa, T.O.; Haff, G.G. Periodization: Theory and Methodology of Training, 5th ed.; Human Kinetics:
Champaign, IL, USA, 2009

Issurin, V.B. Block periodization versus traditional training theory: A review. J. Sports Med. Phys. Fit. 2008,
48, 65-75.

Harris, G.R.; Stone, M.H.; O’Bryant, H.O.; Proulx, C.; Johnson, R. Short term performance effects of high
power, high force, or combined weight-training methods. J. Strength Cond. Res. 2000, 14, 14-20.

Hames, C.J.; Anthony, J.A.; Thornton, J.C.; Gallagher, D.; Goodpaster, B.H. Body composition analysis by
air displacement plethysmography in normal weight to extremely obese adults. Obesity 2013, 22, 1078-1084.
Plisk, S.; Stone, M.H. Periodization strategies. Strength Cond. J. 2003, 25, 37.

Stone, M.H.; Stone, M.E.; Sands, W.A. Principles and Practice of Resistance Training; Human Kinetics:
Champaigne, IL, USA, 2007

Stone, M.H.; Sands, W.A.; Pierce, K.C.; Carlock, J.; Cardinale, M.; Newton, R.U. Relationship of maximum
strength to weightlifting performance. Med. Sci. Sports Exerc. 2005, 37, 1037-1043.

Hopkins, W.G.; Marshall, S.W.; Batterham, A.M.; Hanin, J. Progressive statistics for studies in sports
medicine and exercise science. Med. Sci. Sports Exerc. 2009, 41, 3-13.



J. Funct. Morphol. Kinesiol. 2020, 5, 44 14 of 14

36. Storer, T.W.; Magliano, L.; Woodhouse, L.; Lee, M.L.; Dzekov, C.; Dzekov, J.; Casaburi, R.; Bhasin, S.
Testosterone dose-dependently increases maximal voluntary strength and leg power, but does not affect
fatigability or specific tension. J. Clin. Endocrinol. Metab. 2003, 88, 1478-1485.

37. Adlercreutz, H.; Harkonen, M.; Kuoppasalmi, K.; Néaveri, H.; Huhtaniemi, I.; Tikkanen, H.; Remes, K,;
Dessypris, A.; Karvonen, J. Effect of training on plasma anabolic and catabolic steroid hormones and their
response during physical exercise. Int. J. Sports Med. 1986, 7 (Suppl. 1), 527-528.

38. Jortay, J.; Senou, M.; Abou-Samra, M.; Noel, L.; Robert, A.; Many, M.C.; Brichard, S.M. Adiponectin and
skeletal muscle: Pathophysiological implications in metabolic stress. Am. J. Pathol. 2012, 18, 245-256.

39. Wyskida, K.; Franik, G.; Wikarek, T.; Owczarek, A.; Delroba, A.; Chudek, J.; Sikora, J.; Olszanecka-
Glinianowicz, M. The levels of adipokines in relation to hormonal changes during the menstrual cycle in
young, normal-weight women. Endocr. Connect. 2017, 6, 892-900.

©2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ ® \ article distributed under the terms and conditions of the Creative Commons

Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).



