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Abstract

:

Androgenic-Anabolic Steroids (AAS) abuse is known to play an important role in causing the systemic inflammatory response and multiple-organ dysfunction in healthy individuals. Although many of the undesirable effects of steroid abuse have been reported, at present, little is known about the effect of anabolic supplements and the correlation between cardiac and metabolic pathology. This paper presents a case of a 25 year old patient with a complex medical history after 6 months of steroid administration. Myocardial infraction, dyslipidemia, obesity, hyperuricemia, secondary diabetes, and chronic renal disease were identified after clinical and para-clinical examinations. The particularities of this case were interpreted in the context of a literature review, highlighting the effect of multi-organ damage as a result of the uncontrolled use of anabolic steroid supplements.
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1. Introduction


Although it is restricted by law, substance abuse among adolescents represents an important public health concern. Substance use and dependence are among the most prevalent causes of adolescent morbidity and mortality in the United States. The most used substances are ethanol, nicotine, and cannabis, and 1.5% of adolescents use Androgenic-Anabolic Steroids (AAS) [1]. In the general population, a meta-analysis published in 2014 reported that 6.4% of males and 1.6% of females appealed to AAS use in their life although AAS abuse is associated with an approximately 4.6-fold higher mortality rate compared to the general population [2,3]. In a world governed by aesthetic appearance and social networks, methods for improving body composition by lowering the fat/lean mass ratio are issues of extreme interest. Regular exercising and eating a healthy and balanced diet are unfortunately not as fast rewarding as society demands, and therefore, in order to impress, some adolescents often choose methods that are not only illegal but can also put their health and lives in danger.



The general belief is that elite athletes are the biggest AAS consumers, but antidoping regulations are very strict and very few risk their careers. Surveys have shown that up to 80% of anabolic steroids use is by nonathletes, including bodybuilders and young adults [4]. AAS are synthetic derivatives of the male hormone testosterone. In normal doses and over a short time, they can improve muscle strength and increase lean body mass, but sometimes, these steroids are used in doses much higher than the recommended levels [5].



The aim of this case report is to raise awareness of the dangerous possible side effects of steroid misuse and abuse. The article exemplifies the cardiovascular, renal, and metabolic consequences of anabolic steroid administration in a healthy physically active male, in the context of a literature review. Multi-organ damage as a result of uncontrolled use of anabolic steroid supplements will be highlighted in this paper.




2. Case Presentation


A 25-year-old patient was brought to the emergency department for confusion, episodes of passing out, fruity-smelling breath, acute dehydration, very high blood glucose level (648 mg/dL), and an arterial blood pH of 6.9 (Table 1). A diagnosis of diabetic ketoacidosis was established, and the patient was admitted to the Diabetes Mellitus—Internal Medicine ward of Clinical County Hospital Oradea, Romania, where proper treatment for diabetic ketoacidosis was initiated.



Physical examination revealed an obnubilated, normal weight (BMI 22.3 kg/m2) male, with dehydrated skin, fruity-smelling breath, and polypnea. The examination of cardiovascular system revealed tachycardia combined with low blood pressure and a weak pulse.



The patient’s past medical history was complex and revealed that at age 19, the patient, who was an amateur judo player with no recorded illness but with a family history of diabetes and cardiovascular disease (mother-hypertension, father-myocardial infraction, hypertension, and insulin-dependent diabetes mellitus type 2), was convinced by friends to take AAS in order to increase his muscular mass and sport performance. He followed the friend’s advice and took immense doses of AAS IV, alternating the following products each day: 2500 mg testosterone isocaproate, 400 mg testosterone enanthate, 500 mg Stanozolol, 1000 mg Trenbolone, and 500 mg Nadrolone. With these excessive doses, he obtained impressive effects in a short period of time. In less than 6 months, his weight increased from 80 kg to 157 kg, but a few days before finishing the 6 months cycle, he felt severe chest pain shortly after injecting the AAS. He was transported to the Emergency Room, where the EKG showed extensive anterior ST-Elevation Myocardial Infarction (STEMI), and blood samples indicated elevated cardiac necrosis biomarkers (High sensitivity cardiac troponin I (hs-cTnI)). Coronarography was proposed. He refused the procedure but remained admitted in the Cardiology department. At release, the EKG showed QS waves in the range of V1–V4 and Q waves in DI, aVL, presented in Figure 1. At the same time, the echocardiography showed severe systolic disfunction of the LV with apical LV hypokinesia and dilatation, a condition that also persisted in follow-up examinations, as shown in Table 2. Cholesterol levels were high, and dyslipidemia was also diagnosed. Chronic treatment was prescribed for the cardiovascular disease.



Three years later, at age 23, based on increased blood glucose values and specific symptoms, he was diagnosed with diabetes mellitus. The specialist recommended treatment with a basal-bolus regimen with 30–30–30 IU of rapid acting insulin before meals and 30 IU basal insulin. Unfortunately, the patient was not compliant with the treatment due to glycemic drops after rapid insulin administration and remained without any treatment for diabetes mellitus 2 years until when his condition worsened, as presented above. The fact that the patient was not compliant between 2015 and 2017 regarding his diabetes mellitus treatment is both due to the lack of interest regarding his condition but also due to an improperly prescribed insulin regimen in 2017 with very high doses of rapid-acting insulin, 30–30–30 IU/day, compared to the basal dose of 30 IU/day. In the current presentation, in December 2020, the patient was prescribed a modified insulin therapy regimen with low doses of rapid-acting insulin at a dose of 10–8–8 IU/day and a higher dose of long-acting insulin at a dose of 0–0–34 IU/day in order to avoid hypoglycemia and treatment withdrawal. The patient was also referred to a clinician psychologist in order to better understand his condition, the implications of his actions, and the importance of taking the prescribed treatment.




3. Paraclinical Examination


Interpretation of the case at its current evaluation is secondary diabetes complicated with diabetic ketoacidosis (DKA). Given the fact that the patient’s previous Hba1c levels were not available, the pathophysiology of his diabetes mellitus is unclear, however, given the fact that the patient has a positive family history of diabetes mellitus, our opinion is that his diabetes was accelerated by steroid consumption as well as by the patient having a very high genetic burden of cardiometabolic pathology due to his mother’s hypertension, and his father’s myocardial infraction, hypertension, and insulin-dependent diabetes mellitus type 2. Further investigations are required to exclude other differential diagnostics such as diabetes type 1 (younger age at diagnosis, ketoacidosis episodes) or type 2 diabetes (positive familial history, the presence of dyslipidemia, and hyperuricemia are relevant for metabolic syndrome).



Overall, the complete diagnostic after less than 6 months of steroid administration, over a period of 5 years was as follows: past myocardial infraction, dyslipidemia, obesity, past hyperuricemia, secondary diabetes, and chronic renal disease. All of these features are, in fact, the most feared known effects that may occur after AAS administration.




4. Discussion


Adverse effects of AAS are known and well documented. Since antiquity, different testicular extracts have been used in order to promote virilization, although effects were mostly placebo due to the low hormonal concentration of the product and the inactivation of orally taken testosterone in first liver pass [6]. A breakthrough was made in 1935, when testosterone was synthetized for the first time, and since then, it has been used along with other steroids to treat gonadal disfunctions [7]. Illicit use was also a fact, and side effects began to appear. Table 3 includes some of the most noticed adverse effects of steroid abuse.



As shown above, steroid supplementation is not harmless or without unwanted effects. The cardiovascular system is affected by the promotion of atherogenesis, hypercoagulability, and increased myocardial oxygen requirements caused by hypertrophy. Kaşikçioğlu et al. studied the effect of steroids on the cardiac system, presenting cases of myocardial infarction [9]. Chang et al. reviewed the implication of AAS in coagulation, thrombus formation, and fibrinolysis, demonstrating that almost all coagulation factor concentrations are modified after steroid administration [11]. Several studies and case reports presented AAS induced direct myocardial injury, and the most common pathological finding in autopsied hearts revealed LV hypertrophy, frequently associated with fibrosis and myocytolysis [14,15,16]. Even if complications may be more frequent in AAS users suffering acute myocardial infraction (AMI), AAS-related cardiac events are expected to be underreported in the medical literature considering the socio-psychological aspects and the intention to hide AAS use, both for legal reasons and social stigmatization.



In this context, Table 4 presents 20 examples of acute myocardial infarction after AAS abuse. The multiple key components of the cardiovascular system are affected by these substances. Several studies have demonstrated alteration in lipid metabolism after AAS administration, consisting of rising LDL cholesterol and lowering HDL cholesterol concentration, leading to dyslipidemia, one of the most important elements in aterogenesis and cardiovascular disease [3,57,58,59,60,61]. Glazer et al. reviewed the effect of lowering HDL cholesterol and the increase of insulin resistance caused by AAS, concluding that AAS consumption can lead to an increase in cardiovascular risk that is more than 6 times higher compared to the general population [8].



Regarding blood pressure and endothelial function, other important risk factors in cardiovascular disease, the effects of AAS are controversial. Although some animal model studies have demonstrated the capacity of AAS to lower blood pressure by increasing NO synthetase activity [62,63], multiple clinical studies have demonstrated an increase in both systolic and diastolic blood pressure values after AAS administration [14,64,65].



This explanation may lay in the fact that at high doses, the effect of nitric oxide is neutralized by Reactive Oxygen Species (ROS) generated by increased oxidative stress, resulting in vasospasms combined with high sodium retention [65,66].



Hypercoagulability is a reality after AAS administration and can be explained by the increase in hemoglobin concentration, thromboxane A2, and fibrinogen synthesis, while prostacyclin production is inhibited [11,12,13,21,67,68,69,70].
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Table 4. Examples of acute myocardial infarction after AAS abuse.






Table 4. Examples of acute myocardial infarction after AAS abuse.





	Case Nr
	Patient
	Type of Steroid Consumption
	Negative Effect
	Comorbidities/Associated Treatment
	Ref.





	1.
	39-year-old man
	testosterone

enanthate 500 mg intramuscularly every 2 weeks
	Acute Myocardial Infarction-LAD artery
	HIV

zidovudine 300 mgtwice/day, lamivudine 150 mg twice/day, and

indinavir 800 mg every 8 h, all orally.

albuterol inhaler
	[71]



	2.
	25-year-old male
	Nandrolone decanoate

100–200 mg
	Acute Myocardial Infarction-proximal LAD artery
	none
	[72]



	3.
	61-year-old
	metenolone enanthate (45 mg)
	Acute Myocardial Infarction-RCA
	Diabetes, hypertension

Aplastic anemia
	[73]



	4.
	24-year-old bodybuilder
	Stanozol 40 mg orally

Nadrolone 200 mg intramuscularly twice a week

Sustanon 250 intramuscularly weekly
	Acute Myocardial Infarction

Dyslipidemia
	none
	[74]



	5.
	59-year-old female
	metenolone enanthate (100 mg) oxymetholone (30 mg)
	Acute Myocardial Infarction-RCA
	Secondary glucose intolerance

Aplastic anemia
	[73]



	6.
	31-year-old man
	Multiple AAS cycles
	Acute Myocardial Infarction-distal RCA
	Crohn’s disease-infliximab
	[75]



	7.
	41-year-old male
	oxymetholone and methenolone
	acute inferior myocardial

infarction

RCA proximal

large renal infarction
	none
	[76]



	8.
	27-year-old
	Not specified
	Acute Myocardial Infarction-LAD
	none
	[77]



	9.
	41-year-old male
	Not specified/more than 20 years of use
	acute inferior myocardial

infarction

RCA

arrhythmias with variable atrioventricular blocks

acute kidney injuryacute liver injury
	none
	[78]



	10.
	24-year-old male
	stanozolol, testosterone, tamoxifen, mesterolone, and nandrolone
	Death

Thrombosis LCA LAD

Cardiomegaly
	precordial pain
	[79]



	11.
	26-year-old physically active male
	Sustanon 250 mg, once per week for 6 months
	acute inferior myocardial

infarction

LAD ostium occlusion
	none
	[80]



	12.
	31-year-old
	Several AAS including enanthate, decanoate, and sipanate
	Acute Myocardial Infarction-totally occluded RCA
	none
	[81]



	13.
	25-year-old Caucasian male
	oxandrolone, 40 mg/day (daily); clenbuterol, 0.08 mg/day (daily); mesterolone, 50 mg/day (daily); hGH, 10 IU/day (daily); nandrolone, 600 mg/day (twice a week); testosterone cypionate, 400 mg/day (twice a week); stanozolol, 100 mg/day (thrice a week); drostanolone, 200 mg/day (thrice a week); trenbolone at 200 mg/day (thrice a week); testosterone propionate, 100 mg/day (thrice a week); boldenone, 400 mg/day (twice a week); and methenolone, 200 mg/day (twice a week)
	Posteroinferior Acute Myocardial Infarction-RCA stenosis
	none
	[82]



	14.
	26-year-old male
	trenbolone acetate, stanozolol, and testosterone.
	Acute Myocardial Infarction-LAD
	Peptic gastric disease 8 years before
	[83]



	15.
	26-year-old male
	Stanozolol 2 mL each week, Inj Testosterone 1 mL each week, and oral T3 (triiodothyronine) 25 mcg each day
	Acute Myocardial Infarction-90% proximal LAD occlusion
	hepatitis A 2 years before
	[84]



	16.
	25-year-old man
	testosterone
	Acute Myocardial Infarction-proximal LAD

right renal artery thrombosis/embolus
	none
	[85]



	17.
	38-year-old African American mal
	Not specified
	Acute Myocardial Infarction-proximal LAD occlusion
	none
	[86]



	18.
	30-year-old male
	oral testosterone for several years
	Acute Myocardial Infarction-LAD stenosis
	none
	[87]



	19.
	23-year-old body builder male
	Trenbolone Acetate
	Acute Myocardial Infarction-LAD and LCX stenosis
	none
	[88]



	20.
	50-year-old body-builder Caucasian man
	nandrolone and erythropoietin
	Acute Myocardial Infarction-LAD thrombosis
	none
	[89]








Vascular disease and hypercoagulability lead to microcirculatory disfunction in sensible organs such as the heart, brain, and kidney. Parente et al. unraveled the pathophysiology behind the kidney injury due to AAS use [22]. miR-21 and miR-205 are newly identified and useful biomarkers that can be used to detect the potential damage of AAS consumption on kidney tissue, including fibrotic changes connected to their known adverse effects on renal and cardiovascular function [90,91].



A total of nine case reports exemplified in Table 5 presented renal injury in conjunction with cardiac disorders after AAS use. Although there is strong evidence on the relationship between AAS and kidney injury, the pathophysiological mechanisms behind it are multiple and intricate. AAS are thought to have a direct nephrotoxic effect that, when combined with hyperfiltration, cause high creatine levels, leading to focal segmental glomerulosclerosis [92]. On other side, secondary to cholestasis caused by AAS, bile acid nephropathy has been shown to cause acute kidney injury (AKI) [93]. Last, but not to be forgotten, are hypercoagulability and polycythemia, which are secondary to AAS administration and have been proven to cause renal infarction/thrombosis in multiple cases [76,85]. The high protein diet followed by body builders should also be taken into consideration. Most of the time, AAS supplementations is associated with high levels of protein isolates and concentrates. There is enough evidence in the literature to prove the harmful effects on the kidney’s glomerular filtration rate (GFR) caused by high protein intake [94,95,96].



The particularity of the case presented in our paper is the development of secondary diabetes. Testosterone is known to increase insulin sensitivity to lower the glycemic index, while testosterone deficit can lead to metabolic syndrome and diabetes [102,103,104]. However, only a few pieces of evidence suggest AAS to be the cause of diabetes development. Table 6 presents briefly two cases of diabetes presenting after consumption of AAS and growth hormone. The causative effect of AAS alone is not powerful in these two cases, as growth hormone is known to raise the blood sugar levels. In a study with 100 participants, Rasmusssen et al. demonstrated lowering insulin sensitivity among AAS users [105], while Geraci et al. suggests that androgens significantly affect insulin sensitivity [55]. Further investigations are required to determine the exact dose-metabolic effect of AAS, as most of the reported studies are limited to the recommended dose, and many consumers exceed these values. Even if there is little evidence directly linking AAS and diabetes, these substances influence some risk of the factors for diabetic disease, such as hypertension, increased body weight, dyslipidemia, and dysfunctions in other systems that can alter the metabolic balance.



This aim of our paper was to raise awareness of the real danger represented by the ease of access to different AAS formulations. While elite athletes are subjected to rigorous antidoping testing in conformity with World Anti-Doping Agency (WADA) regulations, the general population, especially young people, is just a few clicks away from receiving an entire pharmacy of AAS [106,107]. Besides the original packaged products, a black market of “home bottled” products exists, where the final product combination, doses, and sterilization are vaguely known.



However, technology advances the role of miRNA are gaining importance because the negative effects of AAS can be detected in different tissues, and these miRNAs can serve as biomarkers of AAS doping abuse, given the fact that AAS induces significant negative effects on gene expression and therefore on cellular function as well [108,109].



Adolescents represent an easy target for this type of products in their desire to show off and impress. The case presented above is a clear example of what happens if AAS are administered without medical consultation. Living with myocardial infraction and diabetes beginning in the early 20s is a serious chronic health condition. The economic implications are hard to estimate, but they should also be taken in consideration. The burden on the health system from this type of patient is heavy and long lasting. A national and international strategy should be considered in order to limit the general population’s accessibility to this type of substance.




5. Conclusions


The use of AAS represents a serious public health issue. As exemplified above, steroids can and will cause immediate or long-term side effects, especially considering that most consumers exceed the recommended doses. It are young healthy people who are at risk. The abuse of AAS drugs has been linked to many pathological conditions, such as acute myocardial infarction, dyslipidemia, hypertension, hepatic dysfunction, kidney injury, infertility, metabolic, neurologic, and psychiatric disorders. We suggest that long-term AAS abuse predisposes young people to multiple organ dysfunction syndromes. The particularity of the case presented in this paper is the development of secondary diabetes as a result of AAS consumption.
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Figure 1. The EKG of the patient, recorded in 2015 at age 20, after consumption of AAS IV. 
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Table 1. A comparison of the laboratory results recorded at the time of hospitalization.
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	Test
	October 2015
	April 2017
	December 2020
	UM
	Normal Values





	White blood cells (WBC)
	20.13
	11.60
	26.65
	103/μL
	4.0–10.0



	Neutrophils (NEU)
	17.51
	7.87
	16.28
	103/μL
	2.4–6.5



	Lymphocytes (LYM)
	1.58
	2.39
	8.978
	103/μL
	1.0–4.0



	Monocytes (Mono)
	0.76
	0.43
	1.001
	103/μL
	0.3–1.0



	Red blood cells (RBC)
	4.68
	5.53
	5.106
	106/μL
	3.8–5.1



	Hematocrit (HCT)
	48.49
	52.77
	49.92
	%
	35–47



	Hemoglobin (HGB)
	17.52
	16.97
	16.59
	g/dL
	13.2–17.3



	pH
	-
	-
	6.9
	
	7.35–7.45



	Serum creatinine
	0.96
	1.11
	1.95
	mg/dL
	0.10–1.2



	Glycemia
	122
	95
	648
	mg/dL
	65–115



	Hemoglobin A1c (HbA1C)
	-
	-
	14.7
	%
	4–6



	Glomerular filtration rate (GFR)
	-
	-
	34.28
	mL/min/1.73 m2
	>90 mL/min/1.73 m2



	Uric acid
	6.9
	7.8
	3.6
	mg/dL
	3.5–7.2



	Aspartate aminotransferase (AST/GOT)
	52
	19
	12
	U/L
	5–34



	Alanine aminotransferase (AST/GOT)
	77
	26
	20
	U/L
	0–55



	Bilirubin
	0.65
	0.75
	0.45
	mg/dL
	0.2–1.2



	Cholesterol (CHOL)
	216
	201
	146
	mg/dL
	0–199



	HDL CHOL
	54
	38
	32
	mg/dL
	40–60



	High sensitive Troponin I
	103,252.5
	-
	-
	pg/ml
	–



	Urine glucose
	-
	-
	≥1000 mg/dL
	mg/dL
	negative



	Urine proteins
	-
	-
	50 mg/dL
	mg/dL
	negative



	Urine ketones
	-
	-
	100 mg/dL
	mg/dL
	negative
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Table 2. Echocardiographic evaluation: acute and follow up.
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	Year/Anatomical Area
	2015
	2017
	2020





	Aortic anulus
	25 mm
	24 mm
	29 mm



	Ascendent aorta
	32 mm
	40 mm
	37 mm



	Left atrium
	36 mm
	35 mm
	36 mm



	Interventricular sept
	13 mm Akinesia 2/3 apical
	11.2 apical Akinesia
	16 mm septal hypokinesia



	Left ventricle
	With moderate wall hypertrophy, 1/3 basal hypokinesia

2/3 apical akinesia
	20 mL apical aneurisms
	apical hypokinesia



	left ventricular ejection fraction
	30%
	44%
	45%



	General Observation/Valvular Disfunction
	1–2 mm pericardial effusion
	Arrythmia

Mitral regurgitation grade I

Aortic regurgitation grade I
	Mitral regurgitation grade II

Aortic regurgitation grade I
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Table 3. Negative effects of steroid consumption on different systems.
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System

	
Effect

	
Reference






	
Cardiovascular

	
Dyslipidemia

	
[8]




	
Myocardial infarction

	
[9]




	
Hypertension

	
[10,11]




	
Thrombosis/thromboembolism

	
[11,12,13]




	
Aortic Dissection

	
[14]




	
Myocardial hypertrophy/LVH

	
[15]




	
Dilatative cardiopathy/heart failure

	
[16,17]




	
Arrhythmia

	
[18]




	
Sudden death

	
[19]




	
Hematological

	
Polycythemia

	
[20]




	
Hypercoagulability

	
[21]




	
Renal

	
Renal failure

	
[22]




	
Hepatic

	
hepatic adenoma

hepatocellular carcinoma

	
[23]




	
Peliosis

	
[24]




	
Hepatotoxicity

	
[25]




	
Steatosis

	
[26]




	
Cholestasis

	
[27]




	
Musculoskeletal

	
Short stature (Premature epiphyseal closure)

	
[28,29]




	
Tendon ruptures

	
[30]




	
Rhabdomyolysis

	
[31,32]




	
Neurological

	
Neurotoxicity

	
[33,34]




	
Dementia

	
[35]




	
Psychiatric

	
Aggressiveness, Criminal behavior

antisocial behavior

	
[36,37,38,39]




	
Delirium, mania

	
[40]




	
Suicidal behavior

	
[41]




	
Dermatological

	
Acne

	
[42]




	
Alopecia

	
[43]




	
Hirsutism

	
[44]




	
Stretch marks (striae distensae)

	
[45]




	
Male reproductive system

	
Anabolic steroid induced Hypogonadism (ASIH)

	
[46,47]




	
Infertility

	
[48]




	
Erectile dysfunction

	
[49]




	
Gynecomastia

	
[50]




	
Female reproductive system

	
Infertility

	
[51]




	
Breast atrophy

	
[52]




	
Voice deepening

	
[53]




	
Metabolic disorders

	
Relative energy deficiency in sport syndrome RED-S

	
[51]




	
Hypoleptinemia

	
[54]




	
DiabetesInsulin resistance

	
[55,56]
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Table 5. Examples of kidney injury after AAS abuse.
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	Case Nr
	Patient
	Type of Steroid Consumption
	Negative Effect
	Comorbidities/Associated Treatment
	Ref.





	1.
	41-year-old male
	oxymetholone and methenolone
	acute inferior myocardial

infarction

RCA proximal

large renal infarction
	none
	[76]



	2.
	41-year-old male
	Not specified/more than 20 years of use
	acute inferior myocardial

infarction

RCA

arrhythmias with variable atrioventricular blocks

acute kidney injury

acute liver injury
	none
	[78]



	3.
	25-year-old man
	testosterone
	Acute Myocardial Infarction-proximal LAD

right renal artery thrombosis/embolus
	none
	[85]



	4.
	30-yr-old white male pr
	testosterone, methyl-1-testosterone [taken orally], growth hormone, and insulin
	Nephrotic syndromeFocal Segmental Glomerulosclerosis
	none
	[93]



	5.
	43-year-old male
	trenbolone acetate

testosterone
	left renal parenchymal infarct and acute kidney injury
	OCD

escitalopram 20 mg
	[97]



	6.
	28 years
	Methandienone 10–50 mg

Stanozolol 50 mg
	Acute kidney injury

Acute liver injury
	none
	[98]



	7.
	33-year-old man
	Oxymetholone

methadone, tramadol,

opium
	Acute kidney injury
	drug dependence

borderline personality disorder
	[99]



	8.
	31-year-old man
	Chloromethylandrostenediol 50 mg

Epitiostanol 54 mg
	Acute kidney injury

Acute liver injury
	none
	[100]



	9.
	26-year-old male
	Stanozolol
	Cholestasis

Acute renal failure
	none
	[101]
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Table 6. Cases of diabetes presenting after consumption of AAS and growth hormone.
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	Case Nr
	Patient
	Type of Steroid Consumption
	Negative Effect
	Comorbidities/Associated Treatment
	Ref.





	1.
	33-year-old male
	bovine growth hormone and testosterone
	diabetes
	none
	[55]



	2.
	36-year-old male
	Multiple including growth hormone, Testosterone propionate

Testosterone enanthate

Stanozolol

Trenbelone acetate
	Diabetes
	none
	[105]
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