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Abstract: The paper aims to analyze body composition and biochemical profile alterations in amateur
bodybuilders during the cutting phase of a contest preparation, and to discuss them in light of
scientific evidence. For the purpose of this study, bodybuilders and coaches provided details of
drug administration, supplement use and training schedule. The four participants were two men
competing in different Men’s Physique categories, one woman in the Wellness category, and one
woman competing in the Bikini category. Participants were evaluated for anthropometry and
body composition before and after the cutting phase. There was an evident decrease in body
fat for most of the participants during the cutting phase without evident loss of fat-free mass.
In general, participants performed high volume resistance training combined with aerobic training.
Regarding drug administration, participants used high doses of anabolic androgen steroids (AAS),
combined with clenbuterol, thyroid hormone, and ephedrine. Blood analysis revealed alterations
in lipid profiles, with increased total cholesterol and low-density lipoprotein (LDL), and reduced
high-density lipoprotein (HDL) levels. There were marked alterations in markers of liver (aspartate
aminotransferase) and cardiac (MB isoenzyme creatine kinase) damage. Our analysis suggests
that the strategies adopted by bodybuilders during the pre-contest phase (high use of AAS and
stimulant-based substances) may result in an increased risk of heart disease and liver dysfunction.
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1. Introduction

Bodybuilding contests involve the evaluation of aesthetic appearance and body composition.
Participants are judged on aspects, such as muscle size, definition, and symmetry. Bodybuilding
preparation is usually divided into two phases (bulking and cutting), and aims to increase muscle
mass followed by decrease in body fat (BF) [1].

Specifically in the pre-contest or cutting phase, the participants often abruptly reduce their caloric
intake and increase the total time spent on concurrent training, with high volume aerobic exercise [1].
During this period, high doses of anabolic androgen steroids (AAS) are used in association with
stimulant-based substances [2–4]. However, most recommendations in this regard are not based on
scientific evidence, and could lead to adverse health effects [5].

Long-term abuse of AAS is associated with cardiovascular and hepatic toxicity [6–8]. Some
case studies call attention to the chronic use of anabolic androgen steroids (AAS) and the potential
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risk for atherosclerotic disease, myocardial dysfunction, acute myocardial infarction (MI), and liver
injury [9–12]. Moreover, the addition of stimulant-based substances in association with AAS during
the pre-contest season may lead to additional risk of MI [11].

Regarding training recommendations, an increase in the volume of training is commonly
observed during the pre-contest phase, with an emphasis on concurrent training. Strength training is
often performed with high numbers of repetitions, combined with high volume moderate-intensity
continuous exercise (60 to >120 min a day) in a fasting state [1–3]. Gentil et al. [2], and Viana et al. [3]
suggest that these practices might impair morphological adaptations (loss of muscle mass) and/or
lead to some adverse health effects.

Considering that bodybuilding is becoming increasingly popular, and many exercise enthusiasts
might be likely to engage in it [13], it is important to provide some critical analysis of its procedures to
better inform the general public. Therefore, the purpose this study is to describe alterations in the body
composition and biochemical profile of amateur bodybuilders during the cutting phase of contest
preparation, and to discuss these in light of scientific evidence.

2. Materials and Methods

2.1. Experimental Procedures

This research is an observational study. All data comprises information provided by participants
and their coaches. For the purposes of this study, bodybuilders and coaches provided details of
drug administration, supplement use, and training schedules in both phases of preparation (bulking
and cutting). Additional details were obtained directly from bodybuilders/coaches when necessary.
The study protocol was approved by the Ethical Board of the Federal University of Goiás, and the
participants provided written informed consent for the use of these data, in conformity with the
Declaration of Helsinki.

2.2. Participants

The four participants enrolled in the study were selected through convenience sampling and
included two men competing in different Men’s Physique categories (MP1 and MP2), one woman in the
Wellness category (WW), and one woman in the Bikini category (WB). All participants were amateur
competitors, and were competing in accordance with the standards of the International Federation
of Bodybuilding and Fitness (IFBB). All participants had some experience as contests. MP1 and MP2
were 24 and 26 years old, and had 7 and 8 years of experience of resistance training, respectively,
and both were competing in their third contest. WW was 34 years old, had 16 years of experience of
resistance training, and was competing in her second contest. WB was 37 years old, had 9 years of
experience of resistance training, and was competing in her fourth contest. It is important to point out
that the participants were well ranked in the contest analyzed. MP1 and MP2 won in their respective
categories, WW was placed fourth, and WB was placed second.

2.3. Anthropometry and Body Composition

Participants were evaluated for anthropometry and body composition before and after the cutting
phase. Body mass was measured on a digital scale to the nearest 0.1 kg, with the individual barefoot and
wearing light clothes. A portable stadiometer with an accuracy of 1 mm was used to measure height
with the individuals in the Frankfurt position. Body composition was assessed by an experienced
examiner using a whole-body tetrapolar bioimpedance analyzer (Inbody230, Biospace, Seoul, Korea)
with an eight-point tetrapolar electrode system. The participants were oriented to stand upright, and
to grasp the handles of the analyzer, thereby providing contact with eight electrodes (two for each foot
and hand). Five segments (right and left arm, trunk, right and left leg) were independently analyzed
using two different frequencies (20 kHz and 100 kHz). The input variables included the participants’
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age, sex, height, and actual body weight. The percentage of body fat was computed through the
proprietary algorithms, displayed on the analyzer’s control panel, and recorded.

2.4. Biochemical Analysis

Whole blood samples were taken from the antecubital vein to determine the biochemical profile
after the bulking and cutting phases. Participants were in the bulking phase for approximately 3 months,
and were AAS users prior to preparation. However, they interrupted AAS administration 3–4 months
prior to the bulking phase. Blood was collected after overnight fasting, and was immediately analyzed
for the lipid profile (total cholesterol; high-density lipoprotein (HDL); low-density lipoprotein (LDL);
triglycerides), aspartate aminotransferase (AST), alanine aminotransferase (ALT), MB isoenzyme
creatine kinase (CK-MB), and cardiac troponin T (cTnT). The last blood sample was obtained 48–72 h
prior to competition. Exercise was not well controlled prior to blood being drawn, and thus, some
participants performed light workouts 24 h prior to or on the same day as blood collection. The lipid
profile, ASTs, and cardiac damage markers were determined by colorimetric methods using commercial
kits (DOLES® kit, Goiania, Brazil) specific to each parameter.

3. Results

The evaluations of the anthropometric measures and body composition of the participants before
and after the cutting phase are described in Table 1. For each participant, the first date represents
the beginning, and the second the end of the pre-contest phase. A decrease in body mass can be
observed for most of the participants, with the exception of MP2, who gained 0.7 kg in two months.
All participants lost a large amount of body fat. MP1, MP2, and WW were able to increase muscle
mass during the cutting phase, while MB and WB present reductions of 6.67% and 3% of muscle
mass, respectively.

Table 1. Characteristics of the participants.

Participants Date (Month/Day) Height (cm) Body Weight (kg) Muscle Mass (kg) Body Fat (%)

Men’s Physique 1 07/18 170 76.3 38 13.3
09/14 77 39 4

Men’s Physique 2 09/20 178 87.8 42 17.4
11/09 80.4 42.4 8.6

Wellness
09/20 158 61.6 26.4 23.6
11/10 58.9 27.2 17.3

Bikini
08/22 171 68 33 18
10/11 58 32 8.9

Note: the first date is the beginning of the cutting phase and the second date is the last measurement taken before
the competition at the end of the cutting phase.

The training schedules are available in Supplementary Material. In general, participants aimed
to train each muscle group once a week through multiples sets of multi- and single-joint exercises,
with the exception of calves and abdominals, which in some cases, were trained more times per week.
During the bulking phase, MP1 performed sets of 6–10 repetitions with 2–3 min rest between sets
for most muscle groups. During the cutting phase, the number of repetitions increased to 10–15 and
the rest between sets decreased to 45–60 s. MP1 trained calves and abdominals twice a week, and
performed 15–20 repetitions in both phases of preparation (bulking and cutting). In the cutting phase,
MP1 stopped aerobic exercise. MP2, WW, and WB performed the same routines in both phases of
preparation. MP2 and WW performed 12–20 repetitions with 1–2 min rest between sets. WB performed
8–20 repetitions with 1–2 min rest between sets. During the cutting phase, MP2, WW, and WB
performed around 80–120 min aerobic exercise in a fed or fasting state every day. WB, in particular,
undertook more than 2 h aerobic exercise every day prior to the contest.
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Drug use is presented in Table 2. MP2 reported no use of AAS during the bulking phase. In general,
participants used supratherapeutic doses of AAS in different combinations. Stimulant-based substances
were added during the cutting phase.

Table 2. Drug administration during bulking and cutting phases (mg/week).

Drug MP1 MP2 WW WB

Bulking
Testosterone Enanthate 500 - - -
Testosterone Propionate - - - 600
Nandrolone Decanoate 400 - - -

Boldenone Undecylenate 200 - - 400
Trenbolone Acetate 225 - - -

Methandrostenolone - - - -
Metenolone Enanthate - - 300 200

Cutting
Testosterone Propionate 300 300 -

Trenbolone Acetate - 300 -
Drostanolone Propionate 300 - 300 300

Stanozolol 300 300 150 200
Oxandrolone 140–210 280 - 140–280
Clenbuterol - 140 280–420 280–420

T3 87.5–262.5 140 87.5–262.5 87.5–262.5
T4 175–525 140 175–525 175–525

Ephedrine 105–315 - -
Aspirin 1750–5250 - -

All participants were supplemented with whey protein isolate, chromium picolinate, omega 3
fatty acids, branched chain amino acids (BCAA), vitamin C, vitamin D, vitamin E, poly-vitamins, and
glutamine in both phases of preparation. During the cutting phase, high doses of caffeine were added
to nutritional supplements, with doses in the range 420–960 mg/day.

Blood was analyzed before and after the cutting phase, and the results are shown in Table 3.
There were changes in the lipid profiles of all participants. Total cholesterol and LDL increased after
the cutting phase for MP2 and WW, and decreased for the other participants. HDL decreased for all
participants after the cutting phase, and triglycerides increased only for WB, but decreased for the other
participants. Regarding aminotransferases, the AST level increased for all participants after the cutting
phase, while ALT increased for MP2 and both women, but decreased for MP1. Most participants
presented increased CK-MB levels after the cutting phase, with the exception of MP2. After cutting,
cTnT levels increased only for WW, did not change for MP2, and decreased for the other participants.
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Table 3. Biochemical profile of the subjects.

Participants Date (Month/Day) Cholesterol (mg/dL) HDL (mg/dL) LDL (mg/dL) Triglyceride (mg/dL) AST (U/L) ALT (U/L) CK-MB (ng/mL) cTnT (ng/mL)

Men’s Physique 1 07/18 165 * 30 122.6 * 62 * 41 26 * 2.8 * 0.006 *
09/14 148 * 19 121.8 * 36 * 61 61 7.1 0.005 *

Men’s Physique 2 09/20 193 * 35 149.8 * 41 * 78 61 14.3 0.006 *
11/09 204 * 16 181 35 * 68 59 9.4 0.006 *

Wellness
09/20 230 * 40 * 171 93 * 36 * 14 * 2.6 * 0.003 *
11/10 262 38 212.4 58 * 38 * 27 * 4.7 * 0.005 *

Bikini
08/22 294 24 260.8 46 * 31 * 27 * 3.2 * 0.008 *
10/11 264 11 240.8 61 * 34 * 36 7.3 0.005 *

Note: The first date is the beginning of the cutting phase and the second date is the last measurement taken before the competition at the end of the cutting phase. HDL = high-density
lipoprotein; LDL = low-density lipoprotein; AST = aspartate aminotransferase; ALT = alanine aminotransferase; CK-MB = MB isoenzyme creatine kinase; cTnT = cardiac troponin T.
* Value in normal reference range.
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4. Discussion

This study aimed to describe the practices adopted by four amateur bodybuilders during contest
preparation, and their biochemical profile and body composition. In line with the findings of previous
studies [1–5], the pre-contest involved high doses of AAS, use of stimulants, severe caloric restriction,
and high volume resistance training and aerobic exercise. However, as previously noted, most
recommendations in this regard are not supported by scientific evidence, and may lead to certain
metabolic alterations and increase the risk of adverse health effects [2,3,5].

The high use of supratherapeutic doses of AAS by bodybuilding participants to improve body
composition is well known [14,15]. The amounts of AAS used by the participants in this present study
are similar to those previously reported [2,3], and are many times greater than endogenous testosterone
production, which is around 2.5–11 mg/day for men and 0.25 mg/day for women [16]. Long-term
abuse of AAS is associated with cardiomyopathy and atherosclerotic vascular disease caused by
detrimental lipid changes [15,17]. A recent retrospective study reinforced the association between
long-term abuse of AAS and premature cardiovascular disease (CVD) [7]. High total cholesterol and
LDL cholesterol contributes to vascular endothelial dysfunction, and represents an important risk
factor for coronary heart disease [18]. Moreover, lower HDL cholesterol levels are associated with
premature mortality [19].

All participants presented suboptimal lipid profile values. After the cutting phase, HDL decreased
for all participants, followed by an increase in total cholesterol and LDL for MP2 and WW. Both women
competitors presented high total cholesterol, while MP2, WW, and WB presented high LDL cholesterol
after the cutting phase [6]. CK-MB and cTnT are specific markers for myocardial damage. Increases in
these markers are associated with histological myocardial changes and represent sensitive indicators
for MI or myocardial dysfunction [20]. Recently, several studies have called attention to AAS abuse
and the risk of adverse cardiovascular events [7,10,12,17,21,22]. In this study, most of the participants
presented high levels of CK-MB after the cutting phase, with the exception of WW, who presented
borderline values. Although cTnT is a more sensitive marker for cardiac damage, CK-MB is more
effective during pre-procedural monitoring, and its elevation is a significant predictor of adverse
cardiac effects [23]. However, considering that CK-MB is a marker of muscle damage, as well as an
indicator of cardiac damage [20], the lack of adequate control for training prior to blood collection
may be a potential confounder in using this marker. In contrast, cTnT remained at normal levels for
all participants in both phases of preparation. Regarding AAS use, it is important to highlight the
reversible effect for most markers when AAS use is interrupted, while continued use may increase the
risk of adverse effects [24].

In addition to AAS, the participants used several stimulant-based substances, mainly during the
pre-contest season, which is similar to findings previously reported [2,3]. In this study, the participants
reported using ephedrine, caffeine, clenbuterol, and synthetic thyroid hormones (T3 and T4) during
the cutting phase. Considering that during the pre-contest phase there is an abrupt reduction in
nutrients and caloric intake [2–4,21], the rationale for the use of stimulant-based substances during
this phase is thought to be to avoid the reduced performance and increased perception of effort
observed during severe caloric restriction [21,25]. However, the cost–benefit of this practice might be
addressed critically, since the use of AAS might increase catecholamine release and β-adrenergic
receptor expression [12], which might potentiate the harmful effects of stimulants. Indeed, the
association of AAS with stimulants has been shown to give rise to an additional risk of MI [11].

Another adverse effect associated with long-term use of AAS is hepatotoxicity. The hepatotoxic
effect induced by AAS use has been associated with an increase in oxidative stress in the hepatic cells
through androgen receptor activation [8]. These harmful liver alterations could be determined by an
increase in aminotransferases [26]. In this study, MP1 and MP2 presented high AST values after the
cutting phase. High values were also observed for ALT, with exception of WW. The alterations observed
in aminotransferases suggest a potential risk of liver injury, in agreement with Schwingel et al. [27],
who suggest an association between chronic use of AAS and incidence of non-alcoholic fatty liver
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disease, which is commonly associated with metabolic syndrome and could progress to cirrhosis [28].
Furthermore, it has been reported that chronic use of AAS might result in cholestasis, peliosis hepatis,
and hepatocellular carcinoma, or adenoma [8,29].

All participants in this study reported use of oral AAS during the cutting phase. This is particularly
alarming considering that orally active 17-α-alkyl steroids have been shown to be particularly
dangerous to the liver [8], and to promote increases in cholesterol due to hepatic triglyceride lipase
stimulation [30].

The potential harm associated with chronic use of AAS seems to be dose-dependent [15]. Whilst
we agree that it might be difficult to become competitive in bodybuilding without drug use, it is
necessary to provide strategies that could provide better results and reduce the reliance on drug abuse
to help, in turn, to reduce the potential deleterious effects on the health of bodybuilders, as previously
discussed [2,3,5].

The dose response of training has recently been debated [31,32] and it seems that the amount
of resistance training performed by the participants is over the recommended limit for obtaining
optimal results. Moreover, the performance of resistance training concurrently with high volume
aerobic training might also negatively impact muscle mass [33]. While the practices adopted might be
considered successful as some participants increased muscle mass and lost body fat, it is important
to consider the extent to which it would be possible to reach similar, or even better results, while
decreasing the amount of drugs used. For example, Pardue et al. [21] observed a drop in resting
metabolic rate, reduced T3 and T4 hormones, and an increase in cortisol in natural bodybuilders
during the pre-contest phase. Considering that an excessive amount of training combined with a
restricted diet could lead to a catabolic state and decreased resting metabolic rate, one might question
if the abuse of AAS is a means of counteracting erroneous practices in both exercise and nutrition.

Regarding resistance training, during the cutting phase, participants performed a weekly number
of 10–20 sets for the main muscle group. Despite some authors proposing additional benefits for muscle
hypertrophy using more than 10 sets per week [34], there is a paucity of consistent data to support
this conclusion [31,32]. Furthermore, Wernbom et al. [35] suggest there is a plateau in hypertrophy
gain after a certain point, with a risk of muscle loss when the number of sets is carried beyond the
point of plateau. For example, Ostrowski et al. [36] observed similar gains for muscle hypertrophy
comparing 3- and 12-per-week sets for muscle groups after 10 weeks. However, the authors reported a
trend for hormonal imbalance, suggesting a catabolic state for the high-volume group [36]. Recently,
Viana et al. [3] reported a case of an amateur bodybuilder who experienced loss of muscle mass during
the pre-contest period, despite the use of AAS. It is plausible that high volume training plus inadequate
nutrition was responsible for this outcome. With this in mind, adjusting training volume to the reduced
energy intake often used during the pre-contest phases might be necessary to avoid a catabolic state.

One option for adjusting training volume is to review exercise choice, as proposed by
Gentil et al. [2] and Viana et al. [3]. In accordance with previous studies, training using multi-joint
or single-joint exercise has been shown to result in similar muscle activation, strength, and muscle
size gains in upper limbs [37]. Thus, performing multi-joint exercise can be a strategy for reducing
the number of sets and avoiding adverse training effects (overuse and/or overtraining). Another
alternative strategy is based on the high effort paradigm: high intensity training is a time-efficient
strategy and promotes the same muscle gains with a reduced training volume [38]. Performing
repetitions until momentary failure plays a key role in low volume resistance training [39]. In this
regard, performing multi-joint exercises with an incentive for competitors to perform sets to the point
of failure, as previously defined by Steele et al. [40], might be an optimal stimulus for promoting
muscle hypertrophy with reduced training volume, which could help to prevent a catabolic state
during the cutting phase.

In addition to resistance training, MP2, WW, and WB performed a high volume (>80 min) of
aerobic exercise every day during the cutting phase, which is in agreement with the findings of
previous studies [1–4]. However, a high volume and high frequency of concurrent aerobic training
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may increase catabolic state-led impairment of muscle gains [33]. Thus, reducing the volume of aerobic
exercises by performing high intensity aerobic exercises with reduced frequency, and utilizing cycling
instead of running, might contribute to preserving muscle mass [41]. In addition, MP2 performed
aerobic exercise in a fasting state. Although this seems to be a common practice in bodybuilding,
it brings no additional benefits in terms of fat loss [42], and might reduce energy expenditure and fat
oxidation, and induce a catabolic state [43,44].

By analyzing the current practices adopted by bodybuilders, it is possible to suggest that the high
use of AAS and stimulants during the cutting phase seems to be a strategy adopted to counteract the
potential deleterious effects of some aggressive practices. However, the abuse of these substances
might cause detrimental alterations in the lipid profile, transaminases, and markers of cardiac damage.
Based on this, we highly recommend that bodybuilders adjust their training and nutritional strategies
to reduce their reliance on drug use.

One possible limitation in this study is the lack of nutritional data during the cutting phase.
Notwithstanding, we believe that this limitation does not prevent conclusions being drawn from
the study.

5. Conclusions

These results suggest that the high use of AAS and stimulant-based substances may be necessary
to counteract the deleterious effects of inadequate training strategies adopted by amateur bodybuilders
during pre-contest preparation. However, our analysis shows that these strategies result in deleterious
effects on the lipid profile and alteration of transaminases, increasing the risk of atherosclerotic heart
disease and liver dysfunction.

Supplementary Materials: The following are available online at http://www.mdpi.com/2411-5142/3/2/26/s1.
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manuscript drafting; D.C.S., J.A.B.S., D.M.S. and P.G. data analysis and manuscript revision.

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

References

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

2. Gentil, P.; de Lira, C.A.B.; Paoli, A.; dos Santos, J.A.B.; da Silva, R.D.T.; Junior, J.R.P.; da Silva, E.P.;
Magosso, R.F. Nutrition, pharmacological and training strategies adopted by six bodybuilders: Case report
and critical review. Eur. J. Transl. Myol. 2017. [CrossRef] [PubMed]

3. Viana, R.; Gentil, P.; Brasileiro, E.; Pimentel, G.; Vancini, R.; Andrade, M.; de Lira, C. High Resistance
Training Volume and Low Caloric and Protein Intake Are Associated with Detrimental Alterations in Body
Composition of an Amateur Bodybuilder Using Anabolic Steroids: A Case Report. J. Funct. Morphol. Kinesiol.
2017, 2, 37. [CrossRef]

4. Chappell, A.J.; Simper, T.; Barker, M.E. Nutritional strategies of high level natural bodybuilders during
competition preparation. J. Int. Soc. Sports Nutr. 2018, 15, 1–12. [CrossRef] [PubMed]

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

6. Go, A.S.; Mozaffarian, D.; Roger, V.L.; Benjamin, E.J.; Berry, J.D.; Blaha, M.J.; Dai, S.; Ford, E.S.; Fox, C.S.;
Franco, S.; et al. Heart disease and stroke statistics—2014 update: A report from the American Heart
Association. Circulation 2014, 129, e28–e292. [CrossRef] [PubMed]

7. Baggish, A.L.; Weiner, R.B.; Kanayama, G.; Hudson, J.I.; Lu, M.T.; Hoffmann, U.; Pope, H.G. Cardiovascular
toxicity of illicit anabolic-androgenic steroid use. Circulation 2017, 135, 1991–2002. [CrossRef] [PubMed]

8. Solimini, R.; Rotolo, M.C.; Mastrobattista, L.; Mortali, C.; Minutillo, A.; Pichini, S.; Pacifici, R.; Palmi, I.
Hepatotoxicity associated with illicit use of anabolic androgenic steroids in doping. Eur. Rev. Med.
Pharmacol. Sci. 2017, 21, 7–16. [PubMed]

http://www.mdpi.com/2411-5142/3/2/26/s1
http://dx.doi.org/10.1519/JSC.0b013e318271272a
http://www.ncbi.nlm.nih.gov/pubmed/22990567
http://dx.doi.org/10.4081/ejtm.2017.6247
http://www.ncbi.nlm.nih.gov/pubmed/28458804
http://dx.doi.org/10.3390/jfmk2040037
http://dx.doi.org/10.1186/s12970-018-0209-z
http://www.ncbi.nlm.nih.gov/pubmed/29371857
http://dx.doi.org/10.1186/s12970-015-0111-x
http://www.ncbi.nlm.nih.gov/pubmed/26696792
http://dx.doi.org/10.1161/01.cir.0000441139.02102.80
http://www.ncbi.nlm.nih.gov/pubmed/24352519
http://dx.doi.org/10.1161/CIRCULATIONAHA.116.026945
http://www.ncbi.nlm.nih.gov/pubmed/28533317
http://www.ncbi.nlm.nih.gov/pubmed/28379599


J. Funct. Morphol. Kinesiol. 2018, 3, 26 9 of 10

9. Bispo, M.; Valente, A.; Maldonado, R.; Palma, R.; Gloria, H.; Nóbrega, J.; Alexandrino, P. Anabolic
steroid-induced cardiomyopathy underlying acute liver failure in a young bodybuilder. World J. Gastroenterol.
2009, 15, 2920–2922. [CrossRef] [PubMed]

10. Ilhan, E.; Demirci, D.; Güvenç, T.S.; Çalık, A.N. Acute myocardial infarction and renal infarction in a
bodybuilder using anabolic steroids. Turk Kardiyoloji Dernegi Arsivi 2010, 38, 275–278. [CrossRef] [PubMed]

11. Sogut, O.; Kaya, H.; Gokdemir, M.T.; Sezen, Y. Acute myocardial infarction and coronary vasospasm
associated with the ingestion of cayenne pepper pills in a 25-year-old male. Int. J. Emerg. Med. 2012, 5, 5.
[CrossRef] [PubMed]

12. Christou, G.A.; Christou, K.A.; Nikas, D.N.; Goudevenos, J.A. Acute myocardial infarction in a young
bodybuilder taking anabolic androgenic steroids: A case report and critical review of the literature. Eur. J.
Prev. Cardiol. 2016, 23, 1785–1796. [CrossRef] [PubMed]

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

14. Hartgens, F.; Lichtenbelt, W.D.V.M.; Ebbing, S.; Vollaard, N.; Rietjens, G.; Kuipers, H. Androgenic-Anabolic
Steroid—Induced Body Changes in Strength Athletes. Phys. Sportsmed. 2001, 29, 49–66. [CrossRef] [PubMed]

15. Kersey, R.D.; Elliot, D.L.; Goldberg, L.; Kanayama, G.; Leone, J.E.; Pavlovich, M.; Pope, H.G. National athletic
trainers’ association position statement: Anabolic-androgenic steroids. J. Athl. Train. 2012, 47, 567–588.
[CrossRef] [PubMed]

16. Basaria, S.; Wahlstrom, J.T.; Dobs, A.S. Clinical review 138: Anabolic-androgenic steroid therapy in the
treatment of chronic diseases. J. Clin. Endocrinol. Metab. 2001, 86, 5108–5117. [CrossRef] [PubMed]

17. Hartgens, F.; Rietjens, G.; Keizer, H.A.; Kuipers, H.; Wolffenbuttel, B.H.R. Effects of androgenic-anabolic
steroids on apolipoproteins and lipoprotein (a). Br. J. Sports Med. 2004, 38, 253–259. [CrossRef] [PubMed]

18. Katakami, N. Mechanism of Development of Atherosclerosis and Cardiovascular Disease in Diabetes
Mellitus. J. Atheroscler. Thromb. 2018, 25, 27–39. [CrossRef] [PubMed]

19. Hamer, M.; O’Donovan, G.; Stamatakis, E. High-Density Lipoprotein Cholesterol and Mortality: Too Much
of a Good Thing? Arterioscler. Thromb. Vasc. Biol. 2018, 38, 669–672. [CrossRef] [PubMed]

20. Ooi, D.S.; Isotalo, P.A.; Veinot, J.P. Correlation of antemortem serum creatine kinase, creatine kinase-MB,
troponin I, and troponin T with cardiac pathology. Clin. Chem. 2000, 46, 338–344. [PubMed]

21. Pardue, A.; Trexler, E.T.; Sprod, L.K. Case Study: Unfavorable but Transient Physiological Changes During
Contest Preparation in a Drug-Free Male Bodybuilder. Int. J. Sport Nutr. Exerc. Metab. 2017, 1–24. [CrossRef]
[PubMed]

22. Wysoczanski, M.; Rachko, M.; Bergmann, S.R. Acute myocardial infarction in a young man using anabolic
steroids. Angiology 2010, 59, 376–378. [CrossRef] [PubMed]

23. Gollop, N.D.; Dhullipala, A.; Nagrath, N.; Myint, P.K. Is periprocedural CK-MB a better indicator of prognosis
after emergency and elective percutaneous coronary intervention compared with post-procedural cardiac
troponins? Interact. Cardiovasc. Thorac. Surg. 2013, 17, 867–871. [CrossRef] [PubMed]

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

25. Shephard, R.J. The impact of Ramadan observance upon athletic performance. Nutrients 2012, 4, 491–505.
[CrossRef] [PubMed]

26. Bond, P.; Llewellyn, W.; Van Mol, P. Anabolic androgenic steroid-induced hepatotoxicity. Med. Hypotheses
2016, 93, 150–153. [CrossRef] [PubMed]

27. Schwingel, P.A.; Cotrim, H.P.; Salles, B.R.; Almeida, C.E.; Dos Santos, C.R.; Nachef, B.; Andrade, A.R.;
Zoppi, C.C. Anabolic-androgenic steroids: A possible new risk factor of toxicant-associated fatty liver
disease. Liver Int. 2011, 31, 348–353. [CrossRef] [PubMed]

28. Neuschwander-Tetri, B.A. Non-alcoholic fatty liver disease. BMC Med. 2017, 15, 1–6. [CrossRef] [PubMed]
29. Sánchez-Osorio, M.; Duarte-Rojo, A.; Martínez-Benítez, B.; Torre, A.; Uribe, M. Anabolic-androgenic steroids

and liver injury. Liver Int. 2008, 28, 278–282. [CrossRef] [PubMed]
30. Thompson, P.D.; Cullinane, E.M.; Sady, S.P.; Chenevert, C.; Saritelli, A.L.; Sady, M.A.; Herbert, P.N.

Contrasting effects of testosterone and stanozolol on serum lipoprotein levels. JAMA 1989, 261, 1165–1168.
[CrossRef] [PubMed]

31. Arruda, A.; Souza, D.; Steele, J.; Fisher, J.; Giessing, J.; Gentil, P. Reliability of meta-analyses to evaluate
resistance training programmes. J. Sports Sci. 2017, 35, 1982–1984. [CrossRef] [PubMed]

http://dx.doi.org/10.3748/wjg.15.2920
http://www.ncbi.nlm.nih.gov/pubmed/19533818
http://dx.doi.org/10.1177/0003319707304883
http://www.ncbi.nlm.nih.gov/pubmed/20935436
http://dx.doi.org/10.1186/1865-1380-5-5
http://www.ncbi.nlm.nih.gov/pubmed/22264348
http://dx.doi.org/10.1177/2047487316651341
http://www.ncbi.nlm.nih.gov/pubmed/27184497
http://dx.doi.org/10.3810/psm.2001.01.316
http://www.ncbi.nlm.nih.gov/pubmed/20086552
http://dx.doi.org/10.4085/1062-6050-47.5.08
http://www.ncbi.nlm.nih.gov/pubmed/23068595
http://dx.doi.org/10.1210/jcem.86.11.7983
http://www.ncbi.nlm.nih.gov/pubmed/11701661
http://dx.doi.org/10.1136/bjsm.2003.000199
http://www.ncbi.nlm.nih.gov/pubmed/15155420
http://dx.doi.org/10.5551/jat.RV17014
http://www.ncbi.nlm.nih.gov/pubmed/28966336
http://dx.doi.org/10.1161/ATVBAHA.117.310587
http://www.ncbi.nlm.nih.gov/pubmed/29326314
http://www.ncbi.nlm.nih.gov/pubmed/10702520
http://dx.doi.org/10.1123/ijsnem.2017-0064
http://www.ncbi.nlm.nih.gov/pubmed/28770669
http://dx.doi.org/10.1177/0003319707304883
http://www.ncbi.nlm.nih.gov/pubmed/18388062
http://dx.doi.org/10.1093/icvts/ivt303
http://www.ncbi.nlm.nih.gov/pubmed/23842761
http://www.ncbi.nlm.nih.gov/pubmed/24259990
http://dx.doi.org/10.3390/nu4060491
http://www.ncbi.nlm.nih.gov/pubmed/22822448
http://dx.doi.org/10.1016/j.mehy.2016.06.004
http://www.ncbi.nlm.nih.gov/pubmed/27372877
http://dx.doi.org/10.1111/j.1478-3231.2010.02346.x
http://www.ncbi.nlm.nih.gov/pubmed/21040407
http://dx.doi.org/10.1186/s12916-017-0806-8
http://www.ncbi.nlm.nih.gov/pubmed/28241825
http://dx.doi.org/10.1111/j.1478-3231.2007.01579.x
http://www.ncbi.nlm.nih.gov/pubmed/17900246
http://dx.doi.org/10.1001/jama.1989.03420080085036
http://www.ncbi.nlm.nih.gov/pubmed/2915439
http://dx.doi.org/10.1080/02640414.2016.1243799
http://www.ncbi.nlm.nih.gov/pubmed/27809704


J. Funct. Morphol. Kinesiol. 2018, 3, 26 10 of 10

32. Souza, D.C.; Viana, R.B.; Coswig, V.S.; Fisher, J.P.; Steele, J.; Gentil, P. Comment on: Volume for muscle
hypertrophy and health outcomes: The most effective variable in resistance training. Sports Med. 2018, 48,
1281–1284. [CrossRef] [PubMed]

33. Wilson, J.M.; Marin, P.J.; Rhea, M.R.; Wilson, S.M.C.; Loenneke, J.P.; Anderson, J.C. Concurrent Training.
J. Strength Cond. Res. 2012, 26, 2293–2307. [CrossRef] [PubMed]

34. Schoenfeld, B.J.; Ogborn, D.; Krieger, J.W. Dose-response relationship between weekly resistance training
volume and increases in muscle mass: A systematic review and meta-analysis. J. Sports Sci. 2017, 35,
1073–1082. [CrossRef] [PubMed]

35. Wernbom, M.; Augustsson, J.; Thome, R. The Influence of Frequency, Intensity, Volume and Mode of Strength
Training on Whole Muscle Cross-Sectional Area in Humans This material is the copyright of the original
publisher. Unauthorised copying and distribution is prohibited. Training 2007, 37, 225–264. [CrossRef]

36. Ostrowski, K.J.; Wilson, G.J.; Weatherby, R.; Murphy, P.W.; Lyttle, A.D. The effect of weight training volume
on hormonal output and muscular size and function. J. Strength Cond. Res. 1997, 11, 148–154.

37. 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. [CrossRef] [PubMed]

38. Giessing, J.; Eichmann, B.; Steele, J.; Fisher, J. A comparison of low volume “high-intensity-training” and
high volume traditional resistance training methods on muscular performance, body composition, and
subjective assessments of training. Biol. Sport 2016, 33, 241–249. [CrossRef] [PubMed]

39. Gieβsing, J.; Fisher, J.; Steele, J.; Rothe, F.; Raubold, K.; Eichmann, B. The effects of low-volume resistance
training with and without advanced techniques in trained subjects. J. Sports Med. Phys. Fit. 2016, 56, 249–258.

40. Steele, J.; Fisher, J.; Giessing, J.; Gentil, P. Clarity in reporting terminology and definitions of set endpoints in
resistance training. Muscle Nerve 2017. [CrossRef] [PubMed]

41. 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]

42. Schoenfeld, B.J.; Aragon, A.A.; Wilborn, C.D.; Krieger, J.W.; Sonmez, G.T. Body composition changes
associated with fasted versus non-fasted aerobic exercise. JISSN 2014, 11, 54. [CrossRef] [PubMed]

43. Harber, M.P.; Konopka, A.R.; Jemiolo, B.; Trappe, S.W.; Trappe, T.A.; Reidy, P.T. Muscle protein synthesis
and gene expression during recovery from aerobic exercise in the fasted and fed states. AJP Regul. Integr.
Comp. Physiol. 2010, 299, R1254–R1262. [CrossRef] [PubMed]

44. 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]

© 2018 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/10.1007/s40279-018-0865-9
http://www.ncbi.nlm.nih.gov/pubmed/29396783
http://dx.doi.org/10.1519/JSC.0b013e31823a3e2d
http://www.ncbi.nlm.nih.gov/pubmed/22002517
http://dx.doi.org/10.1080/02640414.2016.1210197
http://www.ncbi.nlm.nih.gov/pubmed/27433992
http://dx.doi.org/10.2165/00007256-200737030-00004
http://dx.doi.org/10.1007/s40279-016-0627-5
http://www.ncbi.nlm.nih.gov/pubmed/27677913
http://dx.doi.org/10.5604/20831862.1201813
http://www.ncbi.nlm.nih.gov/pubmed/27601778
http://dx.doi.org/10.1002/mus.25557
http://www.ncbi.nlm.nih.gov/pubmed/28044366
http://dx.doi.org/10.1007/s40279-016-0496-y
http://www.ncbi.nlm.nih.gov/pubmed/26932769
http://dx.doi.org/10.1186/s12970-014-0054-7
http://www.ncbi.nlm.nih.gov/pubmed/25429252
http://dx.doi.org/10.1152/ajpregu.00348.2010
http://www.ncbi.nlm.nih.gov/pubmed/20720176
http://dx.doi.org/10.1123/ijsnem.21.1.48
http://www.ncbi.nlm.nih.gov/pubmed/21411835
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Experimental Procedures 
	Participants 
	Anthropometry and Body Composition 
	Biochemical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

