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Abstract: Many bodybuilders use anabolic androgenic steroids (AAS) to potentiate muscle mass
gain as a result of specific resistance training and nutrition. The case we describe hereafter outlines
alterations in body composition of an amateur bodybuilder during his pre-competitive period
(11 weeks). The Participant was a 28-year old Caucasian male who was aiming to participate in his first
bodybuilding competition under the “Men’s Physique” category. The Participant self-administered
AAS for the whole pre-competitive period, followed a 13 set-meal plan consisting of 10 daily meals
interspersed by approximately 2 h, and performed six high-volume resistance-training sessions a
week. Body mass and anthropometric variables were measured at the beginning, during and at the
end of his pre-competitive period. Dietetic analysis revealed a reduction in protein intake at the
10th (% decrease: −51.3%) and 11th weeks (% decrease: −64.5%) and in calorie intake at the 10th (%
decrease: −57.9%) and 11th weeks (% decrease: −59.5%) in comparison to the 1st week. As a result,
the Participant reduced both total body mass and fat percentage. However, there was a reduction in
absolute fat free mass, despite the use of AAS. Apparently, the combination of excessive volumes of
training with inadequate protein consumption was responsible for this outcome.

Keywords: anabolic androgenic steroids; bodybuilding; resistance training; body composition;
weight training

1. Introduction

Bodybuilding is a sport aimed at increasing muscle mass and decreasing body fat percentage [1].
These changes in body composition occur due to an association of resistance and aerobic training
with a strict nutritional diet [1]. Bodybuilding is usually planned in two phases: a preparatory phase
that emphasizes muscle hypertrophy (off-season), followed by another phase that emphasizes muscle
definition (pre-competitive) [2]. The preparatory phase usually consists of combining resistance
training with a high caloric and protein intake, with the purpose of increasing muscle mass [3]. The
pre-competitive phase is mainly characterized by an increased volume of aerobic exercise, caloric
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restriction and dehydration in order to potentiate muscle definition [4]. Together, these phases are
responsible for substantial changes in the bodybuilder’s body composition.

In addition to training and diet, bodybuilders also employ other strategies to maximize their
desired body composition, including a massive usage of dietary supplements and anabolic-androgenic
steroids (AASs) [5–7]. AASs are derivatives of androgenic hormones such as testosterone.
Supraphysiological elevations in testosterone concentrations stimulate protein synthesis, and results
in an increase in muscle size, body mass and strength [8]. Nonetheless, indiscriminate use of AAS
can lead to many well-known side effects, such as detrimental lipid profile changes, elevated blood
pressure, decreased myocardial function, gynecomastia, decreased sperm count, testicular atrophy,
sexual impotence, increased risk of liver tumors and liver damage, premature epiphyseal plate closure,
increased risk of tendon tears, intramuscular abscess, psychological disorders and, specifically in
women, menstrual irregularities, clitoromegaly and masculinization (for a review, see Hoffman and
Ratamess) [9].

In the present case, we report the practices adopted and the changes in body composition of
an amateur bodybuilder during the pre-competitive period, and also make a critical analysis of the
current practices adopted based on scientific evidence, offering alternatives for people involved or
willing to be involved in bodybuilding.

2. Case Report

2.1. The Participant

The Participant for the case is a 28-year old Caucasian man, night-watchman, 1.77 m who practices
amateur bodybuilding, and was preparing to compete in his first event in the Men’s Physique category
(allowed for bodybuilders up to 1.78 m). He was followed during the 11 weeks of the pre-competitive
period. The competition was a regional contest held in Goiânia, in 2016. This competition was devoted
to debutant athletes and the Participant placed seventh among 24 participants. The Participant
had seven years of experience with resistance training, was a non-smoker, and did not consume
alcoholic drinks.

This study was carried out in accordance with the recommendations of the Federal University of
Goiás Ethics Committee, in accordance with the Declaration of Helsinki, and with written informed
consent from the Participant. The protocol was approved by the Federal University of Goiás
Ethics Committee.

2.2. Self-Administration of AAS (Anabolic Androgenic Steroids)

The Participant admitted having self-administered AAS during the entire pre-competitive phase,
and the last time he had used AAS was 14 weeks before the beginning of the pre-competitive phase. He
used four types of AAS, varying according to the week‘s workout: drostanolone propionate, trenbolone
acetate, testosterone propionate and testosterone enanthate. AAS were administered in the gluteal
region alternating each side. Table 1 shows the schedule of self-administration by the Participant.

Table 1. The AAS (anabolic androgenic steroids) self-administered during the 11 weeks.

AAS
1st–4th Week 5th–6th Week 7th–10th Week 11th Week

A (mg) WF A (mg) WF A (mg) WF A (mg) WF

Testosterone Enanthate 300 2 —– —– —– —– —– —–
Testosterone Propionate 50 7 70 7 70 7 —– —–

Trenbolone Acetate 50 DODO 50 DODO 100 DODO 75 7
Drostanolone

Propionate 50 DODO 50 DODO 100 DODO 75 7

A = Amount used; WF = Weekly frequency; DODO = Day on, day off.
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Briefly, the Participant took around 1250 mg of AAS from weeks 1 to 4, 790 mg during weeks 5 and
6, 1090 mg from week 7 to week 10, and 1050 mg of during the 11th week. According to him, the AAS
administration protocol was “prescribed” by another amateur bodybuilder, and purchased online.

In addition, the Participant ingested 15 mg/day of ephedrine sulphate (Sanofi Aventis, São Paulo,
Brazil) and 120 mg of theophylline (Sanofi Aventis) with 200 mL of coffee 15 min before each training
session. In the last three weeks, he ingested 35 mg/day of ephedrine sulphate (Sanofi Aventis) and
240 mg of theophylline (Sanofi Aventis) again with 200 mL of coffee 15 min before each training session.

2.3. Nutritional Advice

The Participant followed a 13 set-meal plan designed by a sports nutritionist, comprising ten
daily meals interspersed by approximately 2 h. The Participant did not take any dietary supplements.
Carbohydrate recommendations focused on low and medium glycemic index (GI) sources to improve
satiety [10] and enhance lipolysis [11]. During the last two weeks preceding the championship,
carbohydrate intake was abruptly reduced, while the Participant was instructed to consume high
biological value protein, such as chicken and eggs, and to distribute protein intake throughout the
day in order to improve satiety [10], retain fat-free mass (FFM), and augment fat loss whilst in energy
deficit [12]. The analysis of the Participant’s diet was performed with help of DietBox software (Dietbox,
Porto Alegre, Brazil, version 1.0) using the USDA database for nutrient quantification. We requested
that the participant record his food intake using the 24-h dietary recall for each week. Dietetic analysis
revealed a reduction in protein intake at the 10th (absolute decrease: −113.6 kcal; % decrease: −51.3%)
and 11th weeks (absolute decrease: −142.9 g; % decrease: −64.5%), and in calorie intake at the 10th
(absolute decrease: −2194 kcal; % decrease: −57.9%) and 11th weeks (absolute decrease: −2252 kcal;
% decrease: −59.5%) in comparison to the 1st week (see Table 2).

Table 2. Food intake during the 11 weeks.

Nutrients
Weeks

1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th 11th

Total Calorie (kcal) 3788 2346 2769 2402 2279 2123 2072 1680 2051 1594 1536
Protein (g/kg b.m.) 2.7 3.5 3.9 3.3 3.3 2.9 2.1 3.4 2.9 1.3 1.0

Protein (g) 221.5 288.4 320.9 269.3 265.0 234.0 175.3 269.7 227.7 107.9 78.6
Protein (%) 23.5 50.5 48.0 45.1 47.9 43.6 34.6 65.2 45.5 26.8 20.9

Carbohydrate (g) 578.7 161.1 179.4 151.0 146.2 144.9 141.8 9.2 138.5 249.6 232.6
Carbohydrate (%) 61.2 28.8 25.4 26.6 26.2 27.1 29.7 2.3 27.9 62.1 61.1

Total lipids (g) 64.1 52.83 77.0 75.5 63.5 69.5 86.1 57.5 59.2 19.5 33.4
Total lipids (%) 15.2 20.6 26.5 28.2 25.8 29.1 35.5 32.4 26.5 10.9 17.9
Sodium (mg) 2593 1801 1807 1755 1973 1766 1920 1888 1559 657 3213

b.m. = body mass.

2.4. Resistance Training Protocol

The training protocol was designed and supervised by an experienced kinesiologist specialized in
resistance training. The Participant completed six resistance-training sessions per week. Training was
performed during the evening, and each session lasted about an hour. Briefly, on Monday, muscles
from chest and calf were targeted; on Tuesday, thigh (emphasis on quadriceps muscles) and abdomen;
on Wednesday, biceps and calf; on Thursday, triceps and abdomen; on Friday, thigh (emphasis on
hamstrings) and calf; on Saturday, back; and Sunday was a “day off”. The resting period between sets
suggested was 30–60 s. Table 3 summarizes the resistance exercise used.
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Table 3. Resistance training sessions carried out weekly for 11 weeks.

Monday Sets RM Tuesday Sets RM

Bench press 3 6 Lying hamstring curl machine 1 30
Bench press (inclined) 3 6 Barbell back squat 2 4–6

Cable crossover 2 15 Barbell back squat 1 10–12
Peck deck 2 15 Lying hamstring curl machine 1 30

Standing bilateral calf raise 1 4 20 Leg Press 2 4–6
Leg Press 1 2 10–12

Stiff legged deadlift 1 15
Knee extension machine 2 10

Stiff legged deadlift 1 15
Full abdominal in the machine 3 16

Wednesday Sets RM Thursday Sets RM

Standing barbell curl 2 6 Lying Barbell Triceps Extension 2 6
Alternating Standing Dumbbell Biceps Curl 2 6 Lying Barbell Triceps Extension 1 12

Machine Biceps Curl 2 4 12 Triceps Pushdown (V Bar) 2 6
Machine Biceps Curl 2 12 Triceps Pushdown (straight bar) 2 6

Hammer Curl 3 10 Supinated Triceps Pushdown (straight bar) 3 15
Wrist flexion (unilateral) 3 15 Triceps Bench Dips 2 Max

Hammer Curl 2 15 Abdominal curl machine 3 3 16
Seated calf raise 1 4 20

Friday Sets RM Saturday Sets RM

Knee extension machine 1 30 Pull-Ups (pronated grip) 2 Max
Lying hamstring curl machine 2 6 Lat Pulldown (triangle bar) 4 2 10–12
Lying hamstring curl machine 1 15 Unilateral seated row (supinated grip) 4,5 2 10–12

Knee Extension Machine 1 30 Reverse grip bent over barbell row 2 10
Barbell back squat 1 4 12 Bent Over Barbell Row 2 10

Knee extension machine 1 30 Straight-arm pulldown 2 15
Stiff 4 15 Trunk extension 3 15

Unilateral knee flexion with shinguard 2 15
Standing bilateral calf raise 1 4 20

Sunday Day off

Max: repetitions up to volitional fatigue. RM: Repetition maximum. 1 50% of sets emphasized concentric phase and
50% of sets emphasized eccentric phase. 2 Two sets performed with supinated grip and two sets performed with
semi-pronated grip. 3 Eight repetitions maximum followed by eight repetitions with reduced load. 4 After concentric
fatigue, exercise was continued through eccentric contractions until eccentric-fatigue. 5 Performed unilaterally.

In the week of competition, the Participant ran twice while fasting; in the first session (Monday),
the Participant ran for 20 min at 10 km/h, and in the second session (Thursday), the Participant
performed interval training. He was instructed to perform six 30-s bouts at 14 km/h, interspersed with
30-s active recovery at 5.5 km/h. Intensity was defined subjectively.

2.5. Anthropometric Measurements

Height (in centimeters) and body mass (in kg) were measured with a precision of 0.1 cm and
0.1 kg, respectively. Body mass index (BMI) was calculated by dividing body mass by height squared
(kg/m2).

Skinfold thicknesses (in millimeters) were obtained from the right side of the body at seven sites
(triceps, subscapular, suprailiac, chest, abdomen, thigh and midaxillary) to estimate body fat percentage
using a Lange skinfold caliper (Cambridge Scientific Industries, Inc., Cambridge, MA, USA). To avoid
inter-examiner variability, skinfold thicknesses were measured by the same examiner, who had been
previously trained, and was experienced in the use of skinfold calipers. Skinfold measurements
were carried out in duplicate, and the mean recorded value was used [13]. The Jackson and Pollock
equation for male athletes was used [14]. Body density was converted to body fat percentage using
the Siri equations [15]. Anthropometric assessment was performed in the 4th, 7th, 10th and 11th
weeks (Table 4). Unfortunately, no data was collected before the preparatory period. The intraclass
correlation coeficient (ICC) for all skinfold measurements was between 0.87 and 0.99 and the coefficient
of variation (CV) for all skinfold measurements was between 0 and 4%.
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Table 4. Body composition variation during 11 weeks’ AAS self-administration.

Variable
Week

4th 7th 10th 11th

BM (kg) 81.7 80.3 78.7 76.9
BMI (kg/m2) 26.1 25.6 25.1 24.5

ΣSF (mm) 35.5 33.5 31.5 29.0
BF% 4.5 4.1 3.8 3.4

FFM (kg) * 78.0 77.0 75.7 74.3
FFM% * 95.5 95.9 96.2 96.6

AAS: anabolic-androgenic steroids, ΣSF: sum of all skinfolds, BF%: percentage of body fat, BM: body mass, BMI:
body mass index, FFM: fat-free mass, FFM%: fat free mass percentage. * The fat-free mass was estimated based on
the percentage of body fat.

The Participant lost 4.8 kg (% decrease: −5.9% in body mass) between the 4th and last weeks.
This decrease in body mass was accompanied by a decrease of body fat (BF; absolute decrease: −1.1kg;
% decrease: −24.4%), sum of skinfolds (absolute decrease: −6.5 mm; % decrease: −18.3%) and BMI
(absolute decrease: −1.6 kg/m2; % decrease: −6.1%). Regardless of the intake of doses of AAS, fat free
mass decreased by 4.7% (3.7 kg) in the same period.

3. Discussion

Here, we describe the effects of practices adopted by an amateur bodybuilder (Men’s Physique
category) on his body composition during the pre-competitive period of his first competition.
Bodybuilders are judged by appearance rather than performance; therefore, increased muscle size
and definition are critical elements of success [16]. Preparation for a bodybuilding competition ideally
involves reductions in %BF and maintenance or increase in muscle mass. In the current study, despite
the Participant’s %BF decrease during the pre-competition period, a reduction in FFM also took place.
Such results seem contradictory, since several studies show increases in body mass ranging between
2 and 5 kg of FFM when AAS is administered [17,18]. However, decreases in FFM have been also
reported in bodybuilders [6].

We believe these negative outcomes were a result of a high weekly training volume adopted by
the Participant, combined with a 59.5% reduction in caloric intake with 64.5% reduction in protein
ingestion. It would be advisable to adopt strategies not only to gain definition, but also to preserve
FFM loss.

With regard to low caloric and protein intake, studies in bodybuilders indicate that severe energy
restriction significantly decreases the concentrations of anabolic hormones [19]. As a consequence,
hypertrophic pathways may be impaired. Therefore, we would follow previous suggestions to lose
~0.5 kg of body mass per week in order to promote body mass reduction without activating catabolic
pathways [20,21], which seems to be attainable with a caloric restriction of 300–750 kcal per day [21].
This reduction in caloric intake should be accompanied by a protein intake of around 1.2 to 2.0 g/kg,
as has been previously suggested for bodybuilders [6,22].

One alternative would be adjusting training volume to account for the reduction in nutrient and
caloric intake. Rebaï et al. [23] examined the effect of maintaining or reducing resistance training
volume during Ramadan-intermittent-fasting on muscle strength and power of soccer players. The
authors found that a reduced training volume during Ramadan-intermittent-fasting may lead to
significant improvements in muscle strength and power. Therefore, it is advisable to decrease training
volume and/or frequency during the caloric restriction period in order to maintain FFM. Bickel, Cross,
& Bammman [24] conducted a study to test the efficacy of two maintenance training prescriptions
on muscle mass, muscle fiber size, type distribution, and strength. To this end, the authors recruited
70 adults, who participated in a two-phase exercise trial that consisted of resistance training on 3
days/week for 16 weeks (phase 1), followed by a 32-week period (phase 2) with random assignment
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to detraining or one of two maintenance prescriptions (reducing the dose to one-third or one-ninth of
that during phase 1). According to the results, muscle size can be maintained with one third of the
training volume performed in phase 1.

One strategy for reducing training volume is to review exercise choice. The resistance training
program adopted by the Participant had many single-joint exercises, such as bicep curls and knee
extensions. Some bodybuilders and resistance training practitioners believe that single-joint exercises
promote greater muscle hypertrophy than multi-joint exercises, because they are easier to learn, and
therefore have less reliance on neural factors. Gentil, Soares and Bottaro [25] compared the effects of
multi-joint vs. Single-joint exercises on upper body muscle size and strength gains in untrained young
men. The authors found that multi-joint and single-joint exercises are equally effective for promoting
increases in upper body muscle strength and size in untrained men. The use of multi-joint exercises
can save time and decrease the number of exercises, which equates to training volume. Nonetheless,
the addition of single-joint exercises failed to promote gains in muscle and strength of both trained [26]
and untrained participants [27]. Hence, it is possible save time and prevent adverse training effects
(e.g., injury and overtraining) by restricting the use of single-joint exercises [28].

In addition to resistance training, the Participant also performed two sessions of aerobic exercise
while fasting at the 11th week. Bodybuilders usually perform “aerobic-fasting” training in order to
potentiate fat loss. However, studies have shown that strategy to be inefficient, probably due to the
decrease in energy expenditure [29] and negative interference in metabolism throughout the day [30].
Such a practice has also been linked to nausea, syncope and cerebral damage [31,32]. Therefore,
exercising while fasting should be avoided, and replaced with a safer and more efficient strategy, such
as high-intensity aerobic exercise while properly nourished. In addition, running appears to be more
detrimental than cycling for muscle mass maintenance [33]. Hence, performing high-intensity aerobic
cycling training would be adivisible [34].

The amount of AAS used by the Participant (between 790–1250 mg/week or 113–179 mg/day)
is alarming, but similar to what has been reported by Gentil et al. [6] and Perry et al. [7], previously.
Considering that the normal production of steroids in men is 4–11 mg/day [35,36], the dosage is
10–45 times higher than the natural androgen production. Despite the elevated amount of AAS used,
the Participant did not present any acute complications associated with AAS misuse; however, we have
no data about past chronic effects, or what happened after the study. There is a large body of evidence
suggesting that the indiscriminate use of AAS is not safe [9,37,38], and the literature provides many
cases of serious cardiovascular events associated with anabolic steroid abuse by bodybuilders [39,40].
Additionally, many studies confirm that the abuse of anabolic substances produces profound and
partly irreversible changes in various organs and systems, and that these changes tend to be related to
the type, duration and dosage of anabolic steroids used [40,41]. Certainly, not everybody who uses
or has used AAS will present side effects; at the same time, not all effects are evident. It is therefore
recommended to avoid such drugs unless prescribed by a doctor.

In addition, the high amount of ephedrine (35 mg/day) ingested by the Participant during the
week preceding the championship may impose extra health risks, as the use of ephedrine has been
associated with cardiovascular and central nervous systems problems [42,43].

The results of the current case are also in agreement with previous studies performed by Gentil [22]
and Gentil et al. [6], who questioned the use of “bulking and cutting phases”. According to the actual
body of evidence, bodybuilders seem to risk their health in order to increase fat-free mass, and then
again to lose fat; but end up, in fact, losing most of the fat-free mass previously gained [6,39,40].
Perhaps it would be more reasonable to gain smaller amounts of muscle mass while minimizing
fat gain, and then adopting strategies for losing body fat while preserving lean mass, which would
virtually eliminate the traditional preparatory and pre-competitive (also known as “bulking” and
“cutting”, respectively) phases and promote less aggressive variations in body composition together
with less drug abuse.
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A considerable limitation of the current study is the lack of baseline body composition data.
Nevertheless, we believe that this limitation does not prevent the drawing of conclusions from
the study.

4. Conclusions

The results of the current case showed a reduction in body mass and fat percentage of an amateur
bodybuilder during the pre-competitive period, which involved 11 weeks of resistance training
associated with a specific diet and AAS administration. Our analysis also showed a reduction in lean
mass, which suggested mistakes in preparation, apparently caused by a combination of excessive
training volumes and inadequate protein consumption. Since only the pre-competitive period was
studied, other studies analyzing changes in body composition of amateur bodybuilding throughout
the preparatory phase are required. Additionally, it is important to conduct studies aiming to identify
the prevalence of AAS use, as well as the awareness of bodybuilders regarding the consequences of
the indiscriminate use of these drugs.

Author Contributions: Ricardo Viana and Eloy Brasileiro observed the case and contributed to the acquisition
of data; Ricardo Viana, Eloy Brasileiro, Paulo Gentil, Gustavo Pimentel, Rodrigo Vancini, Marilia Andrade and
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de Lira wrote the paper; all authors contributed to revision of the paper.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Helms, E.; Fitschen, P.; Aragon, A.; Cronin, J.; Schoenfeld, B. Recommendations for natural bodybuilding
contest preparation: Resistance and cardiovascular training. J. Sports Med. Phys. Fitness. 2015, 55, 164–178.
[PubMed]

2. Hackett, D.; Johnson, N.; Chow, C. Training practices and ergogenic aids used by male bodybuilders. J. Cond.
Strength Cond. Res. 2013, 27, 1609–1617. [CrossRef] [PubMed]

3. Manore, M.; Thopson, J.; Russo, M. Diet and exercise strategies of a world-class bodybuilder. Int. J. Sport Nutr.
1993, 3, 76–86. [CrossRef] [PubMed]

4. Andersen, R.E.; Barlett, S.J.; Morgan, G.D.; Brownell, K.D. Weight loss, psychological, and nutritional
patterns in competitive male body builders. Int. J. Eat. Disord. 1995, 18, 49–57. [CrossRef]

5. Della Guardia, L.; Cavallaro, M.; Cena, H. The risks of self-made diets: The case of an amateur bodybuilder.
J. Int. Soc. Sports Nutr. 2015, 12, 16. [CrossRef] [PubMed]

6. Gentil, P.; Andre, C.; Barbosa de Lira, C.A.; Paoli, A.; Barbosa dos Santos, J.A.; Teixeira da Silva, R.D.;
Pereira, J.R., Jr.; Pereira da Silva, E.; Magosso, R.F. Nutrition, pharmacological and training strategies
adopted by six bodybuilders: Case report and critical review. Eur. J. Transl. Myol. 2017, 27, 51–66. [CrossRef]
[PubMed]

7. Perry, P.J.; Lund, B.C.; Deninger, M.J.; Kutscher, E.C.; Schneider, J. Anabolic steroid use in weightlifters
and bodybuilders: An internet survey of drug utilization. Clin. J. Sport Med. 2005, 15, 326–330. [CrossRef]
[PubMed]

8. Bhasin, S.; Woodhouse, L.; Storer, T. Proof of the effect of testosterone on skeletal muscle. J. Endocrinol. 2001,
170, 27–38. [CrossRef] [PubMed]

9. Hoffman, J.R.; Ratamess, N.A. Medical issues associated with anabolic steroid use: Are they exaggerated?
J. Sports Sci. Med. 2006, 5, 182–193. [PubMed]

10. Halton, T.L.; Hu, F.B. The effects of high protein diets on thermogenesis, satiety and weight loss: A critical
review. J. Am. Coll. Nutr. 2004, 23, 373–385. [CrossRef] [PubMed]

11. Wee, S.-L. Ingestion of a high-glycemic index meal increases muscle glycogen storage at rest but augments
its utilization during subsequent exercise. J. Appl. Physiol. 2005, 99, 707–714. [CrossRef] [PubMed]

12. Mettler, S.; Mitchell, N.; Tipton, K.D. Increased protein intake reduces lean body mass loss during weight
loss in athletes. Med. Sci. Sports Exerc. 2010, 42, 326–337. [CrossRef] [PubMed]

13. Heyward, V.H.; Stolarczyk, L.M. Applied Body Composition Assessment; Human Kinetics: Champaign, IL, USA,
1996; ISBN 0873226534.

http://www.ncbi.nlm.nih.gov/pubmed/24998610
http://dx.doi.org/10.1519/JSC.0b013e318271272a
http://www.ncbi.nlm.nih.gov/pubmed/22990567
http://dx.doi.org/10.1123/ijsn.3.1.76
http://www.ncbi.nlm.nih.gov/pubmed/8499940
http://dx.doi.org/10.1002/1098-108X(199507)18:1&lt;49::AID-EAT2260180106&gt;3.0.CO;2-C
http://dx.doi.org/10.1186/s12970-015-0077-8
http://www.ncbi.nlm.nih.gov/pubmed/25908930
http://dx.doi.org/10.4081/ejtm.2017.6247
http://www.ncbi.nlm.nih.gov/pubmed/28458804
http://dx.doi.org/10.1097/01.jsm.0000180872.22426.bb
http://www.ncbi.nlm.nih.gov/pubmed/16162991
http://dx.doi.org/10.1677/joe.0.1700027
http://www.ncbi.nlm.nih.gov/pubmed/11431134
http://www.ncbi.nlm.nih.gov/pubmed/24259990
http://dx.doi.org/10.1080/07315724.2004.10719381
http://www.ncbi.nlm.nih.gov/pubmed/15466943
http://dx.doi.org/10.1152/japplphysiol.01261.2004
http://www.ncbi.nlm.nih.gov/pubmed/15831796
http://dx.doi.org/10.1249/MSS.0b013e3181b2ef8e
http://www.ncbi.nlm.nih.gov/pubmed/19927027


J. Funct. Morphol. Kinesiol. 2017, 2, 37 8 of 9

14. Jackson, A.S.; Pollock, M.L. Generalized equations for predicting body density of men. Br. J. Nutr. 1978, 40,
497–504. [CrossRef] [PubMed]

15. Siri, W. Body composition from fluid spaces and density: Analysis of methods. In Techniques for Measuring
Body Composition; National Academy of Sciences: Washington, DC, USA, 1961; pp. 223–244.

16. Lambert, C.P.; Frank, L.L.; Evans, W.J. Macronutrient considerations for the sport of bodybuilding. Sport. Med.
2004, 34, 317–327. [CrossRef]

17. Alén, M.; Häkkinen, K. Physical health and fitness of an elite bodybuilder during 1 year of self-administration
of testosterone and anabolic steroids: A case study. Int. J. Sports Med. 1985, 6, 24–29. [CrossRef] [PubMed]

18. Hartgens, F.; Kuipers, H. Effects of androgenic-anabolic steroids in athletes. Sport. Med. 2004, 34, 513–554.
[CrossRef]

19. Maestu, J.; Eliakim, A.; Jurimae, J.; Valter, I.; Jurimae, T. Anabolic and catabolic hormones and energy
balance of the male bodybuilders during the preparation for the competition. J. Strength Cond. Res. 2010, 24,
1074–1081. [CrossRef] [PubMed]

20. Mero, A.A.; Huovinen, H.; Matintupa, O.; Hulmi, J.J.; Puurtinen, R.; Hohtari, H.; Karila, T.A. Moderate
energy restriction with high protein diet results in healthier outcome in women. J. Int. Soc. Sports Nutr. 2010,
7, 4. [CrossRef] [PubMed]

21. Huovinen, H.T.; Hulmi, J.J.; Isolehto, J.; Kyröläinen, H.; Puurtinen, R.; Karila, T.; Mackala, K.; Mero, A.A.
Body Composition and Power Performance Improved After Weight Reduction in Male Athletes Without
Hampering Hormonal Balance. J. Strength Cond. Res. 2015, 29, 29–36. [CrossRef] [PubMed]

22. Gentil, P. A nutrition and conditioning intervention for natural bodybuilding contest preparation:
Observations and suggestions. J. Int. Soc. Sports Nutr. 2015, 12, 50. [CrossRef] [PubMed]

23. Rebaï, H.; Chtourou, H.; Zarrouk, N.; Harzallah, A.; Kanoun, I.; Dogui, M.; Souissi, N.; Tabka, Z. Reducing
Resistance Training Volume during Ramadan Improves Muscle Strength and Power in Football Players.
Int. J. Sports Med. 2013, 35, 432–437. [CrossRef] [PubMed]

24. Bickel, C.S.; Cross, J.M.; Bamman, M.M. Exercise dosing to retain resistance training adaptations in young
and older adults. Med. Sci. Sports Exerc. 2011, 43, 1177–1187. [CrossRef] [PubMed]

25. Gentil, P.; Soares, S.; Bottaro, M. Single vs. Multi-Joint Resistance Exercises: Effects on Muscle Strength and
Hypertrophy. Asian J. Sports Med. 2015, 6, e24057. [CrossRef] [PubMed]

26. De França, H.S.; Branco, P.A.N.; Guedes, D.P., Jr.; Gentil, P.; Steele, J.; Teixeira, C.V.L.S. The effects of adding
single-joint exercises to a multi-joint exercise resistance training program on upper body muscle strength
and size in trained men. Appl. Physiol. Nutr. Metab. 2015, 40, 822–826. [CrossRef] [PubMed]

27. Gentil, P.; Soares, S.R.S.; Pereira, M.C.; da Cunha, R.R.; Martorelli, S.S.; Martorelli, A.S.; Bottaro, M.
Effect of adding single-joint exercises to a multi-joint exercise resistance-training program on strength
and hypertrophy in untrained subjects. Appl. Physiol. Nutr. Metab. 2013, 38, 341–344. [CrossRef] [PubMed]

28. Gentil, P.; Fisher, J.; Steele, J. A Review of the Acute Effects and Long-Term Adaptations of Single- and
Multi-Joint Exercises during Resistance Training. Sports Med. 2016, 47, 843–855. [CrossRef] [PubMed]

29. Lee, Y.S.; Ha, M.S.; Lee, Y.J. The effects of various intensities and durations of exercise with and without
glucose in milk ingestion on postexercise oxygen consumption. J. Sports Med. Phys. Fitness. 1999, 39, 341–347.
[PubMed]

30. Paoli, A.; Marcolin, G.; Zonin, F.; Neri, M.; Sivieri, A.; Pacelli, Q.F. Exercising fasting or fed to enhance fat
loss? Influence of food intake on respiratory ratio and excess postexercise oxygen consumption after a bout
of endurance training. Int. J. Sport Nutr. Exerc. Metab. 2011, 21, 48–54. [CrossRef] [PubMed]

31. De Courten-Myers, G.M.; Xi, G.; Hwang, J.-H.; Dunn, R.S.; Mills, A.S.; Holland, S.K.; Wagner, K.R.; Myers, R.E.
Hypoglycemic Brain Injury: Potentiation From Respiratory Depression and Injury Aggravation From
Hyperglycemic Treatment Overshoots. J. Cereb. Blood Flow Metab. 2000, 20, 82–92. [CrossRef] [PubMed]

32. Dolinak, D.; Smith, C.; Graham, D.I. Hypoglycaemia is a cause of axonal injury. Neuropathol. Appl. Neurobiol.
2000, 26, 448–453. [CrossRef] [PubMed]

33. Wilson, J.M.; Marin, P.J.; Rhea, M.R.; Wilson, S.M.C.; Loenneke, J.P.; Anderson, J.C. Concurrent training:
A meta-analysis examining interference of aerobic and resistance exercises. J. Strength Cond. Res. 2012, 26,
2293–2307. [CrossRef] [PubMed]

34. Murach, K.A.; Bagley, J.R. Skeletal Muscle Hypertrophy with Concurrent Exercise Training: Contrary
Evidence for an Interference Effect. Sports Med. 2016, 46, 1029–1039. [CrossRef] [PubMed]

http://dx.doi.org/10.1079/BJN19780152
http://www.ncbi.nlm.nih.gov/pubmed/718832
http://dx.doi.org/10.2165/00007256-200434050-00004
http://dx.doi.org/10.1055/s-2008-1025808
http://www.ncbi.nlm.nih.gov/pubmed/3921472
http://dx.doi.org/10.2165/00007256-200434080-00003
http://dx.doi.org/10.1519/JSC.0b013e3181cb6fd3
http://www.ncbi.nlm.nih.gov/pubmed/20300017
http://dx.doi.org/10.1186/1550-2783-7-4
http://www.ncbi.nlm.nih.gov/pubmed/20205751
http://dx.doi.org/10.1519/JSC.0000000000000619
http://www.ncbi.nlm.nih.gov/pubmed/25028999
http://dx.doi.org/10.1186/s12970-015-0111-x
http://www.ncbi.nlm.nih.gov/pubmed/26696792
http://dx.doi.org/10.1055/s-0033-1353216
http://www.ncbi.nlm.nih.gov/pubmed/24048913
http://dx.doi.org/10.1249/MSS.0b013e318207c15d
http://www.ncbi.nlm.nih.gov/pubmed/21131862
http://dx.doi.org/10.5812/asjsm.24057
http://www.ncbi.nlm.nih.gov/pubmed/26446291
http://dx.doi.org/10.1139/apnm-2015-0109
http://www.ncbi.nlm.nih.gov/pubmed/26244600
http://dx.doi.org/10.1139/apnm-2012-0176
http://www.ncbi.nlm.nih.gov/pubmed/23537028
http://dx.doi.org/10.1007/s40279-016-0627-5
http://www.ncbi.nlm.nih.gov/pubmed/27677913
http://www.ncbi.nlm.nih.gov/pubmed/10726436
http://dx.doi.org/10.1123/ijsnem.21.1.48
http://www.ncbi.nlm.nih.gov/pubmed/21411835
http://dx.doi.org/10.1097/00004647-200001000-00012
http://www.ncbi.nlm.nih.gov/pubmed/10616796
http://dx.doi.org/10.1046/j.1365-2990.2000.00273.x
http://www.ncbi.nlm.nih.gov/pubmed/11054185
http://dx.doi.org/10.1519/JSC.0b013e31823a3e2d
http://www.ncbi.nlm.nih.gov/pubmed/22002517
http://dx.doi.org/10.1007/s40279-016-0496-y
http://www.ncbi.nlm.nih.gov/pubmed/26932769


J. Funct. Morphol. Kinesiol. 2017, 2, 37 9 of 9

35. Meikle, A.W.; Stringham, J.D.; Bishop, D.T.; West, D.W. Quantitating Genetic and Nongenetic Factors
Influencing Androgen Production and Clearance Rates in Men. J. Clin. Endocrinol. Metab. 1988, 67, 104–109.
[CrossRef] [PubMed]

36. Vierhapper, H.; Nowotny, P.; Waldhäusl, W. Determination of Testosterone Production Rates in Men and
Women Using Stable Isotope/Dilution and Mass Spectrometry. J. Clin. Endocrinol. Metab. 1997, 82, 1492–1496.
[CrossRef] [PubMed]

37. Cafri, G.; Van den Berg, P.; Thompson, J. Pursuit of muscularity in adolescent boys: Relations among
biopsychosocial variables and clinical outcomes. J. Clin. Child Adolesc. Psychol. 2006, 35, 283–291. [CrossRef]
[PubMed]

38. Grieve, F. A conceptual model of factors contributing to the development of muscle dysmorphia. Eat. Disord.
2007, 15, 63–80. [CrossRef] [PubMed]

39. Fineschi, V.; Riezzo, I.; Centini, F.; Silingardi, E.; Licata, M.; Beduschi, G.; Karch, S.B. Sudden cardiac death
during anabolic steroid abuse: Morphologic and toxicologic findings in two fatal cases of bodybuilders.
Int. J. Legal Med. 2006, 121, 48–53. [CrossRef] [PubMed]

40. Frati, P.; Busardo, F.; Cipolloni, L.; Dominicis, E.; Fineschi, V. Anabolic Androgenic Steroid (AAS) Related
Deaths: Autoptic, Histopathological and Toxicological Findings. Curr. Neuropharmacol. 2015, 13, 146–159.
[CrossRef] [PubMed]

41. Robles-Diaz, M.; Gonzalez-Jimenez, A.; Medina-Caliz, I.; Stephens, C.; García-Cortes, M.; García-Muñoz, B.;
Ortega-Alonso, A.; Blanco-Reina, E.; Gonzalez-Grande, R.; Jimenez-Perez, M.; et al. Distinct phenotype of
hepatotoxicity associated with illicit use of anabolic androgenic steroids. Aliment. Pharmacol. Ther. 2015, 41,
116–125. [CrossRef] [PubMed]

42. Andraws, R.; Chawla, P.; Brown, D.L. Cardiovascular effects of ephedra alkaloids: A comprehensive review.
Prog. Cardiovasc. Dis. 2005, 47, 217–225. [CrossRef] [PubMed]

43. Forte, R.Y.; Precoma-Neto, D.; Chiminacio Neto, N.; Maia, F.; Faria-Neto, J.R. Myocardial infarction associated
with the use of a dietary supplement rich in ephedrine in a young athlete. Arq. Brassileiro Cardiol. 2006, 87,
e179–e181. [CrossRef]

© 2017 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/).

http://dx.doi.org/10.1210/jcem-67-1-104
http://www.ncbi.nlm.nih.gov/pubmed/3379126
http://dx.doi.org/10.1210/jc.82.5.1492
http://www.ncbi.nlm.nih.gov/pubmed/9141539
http://dx.doi.org/10.1207/s15374424jccp3502_12
http://www.ncbi.nlm.nih.gov/pubmed/16597224
http://dx.doi.org/10.1080/10640260601044535
http://www.ncbi.nlm.nih.gov/pubmed/17162642
http://dx.doi.org/10.1007/s00414-005-0055-9
http://www.ncbi.nlm.nih.gov/pubmed/16292586
http://dx.doi.org/10.2174/1570159X13666141210225414
http://www.ncbi.nlm.nih.gov/pubmed/26074749
http://dx.doi.org/10.1111/apt.13023
http://www.ncbi.nlm.nih.gov/pubmed/25394890
http://dx.doi.org/10.1016/j.pcad.2004.07.006
http://www.ncbi.nlm.nih.gov/pubmed/15991150
http://dx.doi.org/10.1590/S0066-782X2006001800023
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Case Report 
	The Participant 
	Self-Administration of AAS (Anabolic Androgenic Steroids) 
	Nutritional Advice 
	Resistance Training Protocol 
	Anthropometric Measurements 

	Discussion 
	Conclusions 

