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Case Presentation 1
 25 y/o soldier presents to the 

sports medicine clinic for 
heat tolerance testing and a 
return to duty assessment;
 He sustained an exertional 

heat stroke (EHS) during 
Special Forces accession.
 Soldier was acclimatized 

with no history of EHS; he 
had been using a pre-
workout stimulant.



Case Presentation 2
 25 y/o soldier presents to 

the medical aid station 
complaining of 
palpitations, agitation 
and insomnia.
 He has sinus tachycardia 

on the monitor and reports 
regular use of Red Bull 
and caffeine gum.
 Unit is requesting guidance 

on strategies for sleep.



Case Presentation 3

 A warfighter contacts the 
Human Performance 
Resource Center looking 
for help.
 Recently using a new pre-

workout supplement to 
enhance training. 
 Unfortunately the soldier 

“popped positive” on a 
recent urine drug screen.



Case Presentation 4

 Alison is a 19 y/o transfer 
female basketball player.
 She states she has a 

personal history of ADHD 
and would like to renew her 
prescription for Ritalin.
 At the present point in time, 

she has no supporting 
documentation in her 
medical record.



Objectives

 Review the epidemiology, 
purported performance 
benefits, and adverse 
effects of stimulants.
 Discuss stimulant use in the 

NCAA athlete with ADHD.
 Identify resources to assist 

with patient education, 
physician reporting and 
athletic participation.



Stimulant 
Use In 

Athletes



Epidemiology: NCAA

 NCAA study of 21,000 college students 
from 713 NCAA member institutions in 
2001 showed an increase in ephedrine 
use from 3.5% to 3.9% c/w rates in 1997. 

 Men's lacrosse (5.5%) and women's 
gymnastics (8.3%) had the highest rate 
of ephedrine use among NCAA athletes. 

 Reasons: improved athletic performance 
(27.3%), improved physical appearance 
(27.3%), and weight control (19.7%). 

NCAA Research Staff: NCAA study of substance use habits of college student-athletes. 
The National Collegiate Athletic Association, 2001. http://www.ncaa.org/library/research/ 

substance_use_habits/2001/substance_use_habits.pdf



Epidemiology: Stimulants

 139 collegiate hockey 
players were surveyed;
 52% of hockey players 

admitted to using 
stimulants.
 17% utilization of 

pseudoephedrine.
 33% would use if it would 

help them get in the NHL.

Bents, R.T., and E. Marsh. Patterns of ephedra and other 
stimulant use in collegiate hockey athletes. Int. J. Sport Nutr. 

Exerc. Metab. 2006;16: 636- 643.



Epidemiology: Supplement 
use in Warfighters

 Eighty-two percent of deployed and 
74% of garrison soldiers used DSs ≥1 
time·week(-1).

 Logistic regression analyses, 
adjusted for significant demographic 
and health predictors of DS use, 
showed deployed personnel were 
more likely than garrison soldiers
to use protein, amino acids, and 
combination products.

Austin KG, McLellan TM, Farina EK, McGraw SM, Lieberman HR.
Soldier use of dietary supplements, including protein and body 

building supplements, in a combat zone is different than use in garrison. 
Appl Physiol Nutr Metab. 2016 Jan;41(1):88-95. 



Stimulant Use in Deployed Marines
 A total of 329 active duty Marines 

completed the survey. 
 The prevalence of supplement use was 

72% for males and 42% for females (p = 
0.009). 

 Of the 12% of Marines reporting side 
effects, 79% were taking 
multiple supplements and 89% were 
using stimulants. 

 Deployment was significantly associated 
with new supplement use (p < 0.001).

Cassler NM, Sams R, Cripe PA, McGlynn AF, Perry AB, Banks BA. 
Patterns and perceptions of supplement use by U.S. Marines deployed 

to Afghanistan. Mil Med.2013 Jun;178(6):659-64. 



Epidemiology: 
Energy Drinks (ED)

 692 college students completed surveys 
at a large private university.

 36% (197 non-athletes, 58 student 
athletes) of participants reported ED 
consumption in the preceding 30 days. 

 No difference in ED consumption 
based on status. 

 Episodic drinking and prescription 
stimulant misuse were both correlated 
with increased ED consumption.
Gallucci AR, Martin RJ Morgan GB: The Consumption of Energy 

Drinks Among a Sample of College Students and College 
Student Athletes. J Community Health. 2015 Aug 9. 



Epidemiology: ADHD 
Medication Diversion

 Majority of nonprescription stimulant users 
reported obtaining the drugs from a peer 
with a prescription – termed diversion. 

 Lifetime rates of diversion ranged from 
16% to 29% of students asked to give, 
sell, or trade their medications.

 A study of 9161 undergraduates reported 
an 8.1% lifetime nonprescription stimulant 
misuse rate among college students.

. Lakhan S et al: Prescription stimulants in individuals with and 
without attention deficit hyperactivity disorder: misuse, cognitive 

impact, and adverse effects. Brain and Behavior. 2012;2(5):661-677. 



Stimulants and 
the Athlete: 

Do They Work! 



Yes they Do!
 CNS stimulants are used to reduce fatigue and increase 

alertness, competitiveness, and aggression.
 Accepted ergogenic aid for endurance performance.
 “Recent studies with trained subjects support observation that 

caffeine seems highly ergogenic for speed endurance 
exercise ranging in duration from 60 to 180 seconds.”

 Studies employing sport-specific methodologies (i.e. hockey, 
rugby, soccer, basketball, volleyball) with shorter duration (i.e. 
4-6 seconds) show caffeine to be ergogenic during high-
intensity intermittent exercise.

Davis JK, Green JM Caffeine and anaerobic performance: ergogenic 
value and mechanisms of action. Sports Med. 2009;39(10):813-32.



Caffeine and Exercise

 Caffeine acts antagonistically 
on adenosine receptors, 
inhibiting the negative effects 
adenosine induces on 
neurotransmission, arousal and 
pain perception. 
 The hypoalgesic effects of 

caffeine have resulted in 
dampened pain perception 
and blunted perceived 
exertion during exercise. 



Stimulants and 
the Athlete: 

Adverse Effects 



Korey Stringer Cause of Death
 Korey Stringer died of exertional 

heat stroke in 2001.
 In (his) locker, Kelly said, were an 

empty bottle of the supplement Ripped 
Fuel; a vial of Celebrex, an anti-
inflammatory prescription drug; an 
unopened bottle of the weight-loss 
product Xenadrine, and the herbal 
supplement Mo' Power, a 
performance-enhancing product…

 The St. Paul Pioneer Press…, cited 
team sources who said one player told 
team officials he'd seen Stringer take 
two Ripped Fuel capsules before the 
morning practice on July 31.



Steve Bechler Cause of Death

 CLEARWATER, Fla. — The Broward 
(Fla.) County medical examiner said 
Thursday the dietary supplement 
ephedra definitely contributed to the 
heatstroke death of Baltimore Orioles 
pitching prospect Steve Bechler on 
Feb. 17. Dr. Joshua Perper, in 
releasing the results of toxicology 
tests on the 23-year-old, confirmed 
that "significant amounts" of the 
over-the-counter supplement 
containing the herb ephedra were 
partly to blame for the death. (2003)



Increase in Heat Stroke 
Fatalities?

 Recent trends in football heatstroke 
fatalities toward significant increases may, 
in part, be attributable to or aggravated 
by the use of dietary supplements. 

 Credible scientific evidence has been 
found that amphetamine derivatives and 
the ergonomic aid creatine may 
contribute to subclinical dehydration 
and heatstroke in selected individuals. 

 Caution is urged in the education and 
evaluation of football players who train 
during the hot summer months.

Bailes JE, Cantu RC, Day AL
The neurosurgeon in sport: awareness of the risks of heatstroke 
and dietary supplements.  Neurosurgery. 2002 Aug;51(2):283-6.



 A 21-year-old healthy man 
had a witnessed out-of-
hospital cardiac arrest while 
exercising at a gym.
 The patient confirmed using 

the supplement for the first 
time before exercising on 
the day of admission.

Karnatovskaia LV, Leoni JC, Freeman ML: 
Cardiac arrest in a 21-year-old man after ingestion of 1,3-DMAA-

containing workout supplement. Clin J Sport Med. 2015 Jan;25(1):e23-5. 

1,3-dimethylamylamine (DMAA)



The Danger of Combination 
Ingredients

 Case of a previously healthy 22-year-old man 
who presented with anginal chest pain and 
was diagnosed with a non-ST-elevation MI. 

 For 3 weeks, he had been ingesting the 
dietary supplements Jack3d® (principal 
ingredient, 1,3-dimethylamylamine) and 
Phenorex™ (ingredient, Citrus aurantium) 
daily, before undertaking physical activity. 

 Coronary angiograms revealed a proximal left 
anterior descending coronary artery thrombus 
with distal embolization.

Smith TB, Staub BA, Natarajan GM, Lasorda DM, Poornima IG: Acute 
myocardial infarction associated with dietary supplements containing 1,3-

dimethylamylamine and Citrus aurantium. 
Tex Heart Inst J.2014 Feb;41(1):70-2.



Sudden Unexplained 
Cardiac Death (SUD)

 The incidence of SCD in 
Division 1 male basketball 
athletes was 1:5,200 AY. 

 The most common findings at 
autopsy were autopsy-
negative sudden unexplained 
death in 16 (25%), and 
definitive evidence for 
hypertrophic cardiomyopathy 
was seen in 5 (8%).

Harmon KG et al: Incidence, Cause, and Comparative Frequency of Sudden 
Cardiac Death in National Collegiate Athletic Association Athletes: A Decade 

in Review. Circulation. 2015 Jul 7;132(1):10-9.



Military Perspective

O'Connor FG: Dietary supplements and warfighters: a challenge 
for military providers. Mil Med. 2012 Dec;177(12):1448-9



Don’t Forget the Supplements!
 Of the 48 sudden deaths temporally 

associated with supplement use, the 
mean age was 34.2 ± 10.0 years and 
predominantly male (n = 44, 91.7%). 

 The underlying cause of death was 
fatal atherosclerotic coronary disease 
in 18 (37.5%), sudden unexplained 
death in 16 (33.3%), and hypertrophic 
cardiomyopathy in six (12.5%). 

 Compared with controls, there were 
no statistically significant differences 
in adjudicated cause of death.

 Ergogenic supplements increase risk 
of SCD 5 fold in soldiers >35 years. 

Appel DA et al: Thermogenic supplement use does not alter 
characteristics of sudden death in the young. Pacing Clin

Electrophysiol.2012 Nov;35(11):1332-7. 



1,3-dimethylamylamine (DMAA)
 Case reports for two soldiers who were taking 

commercially available dietary supplements 
containing multiple ingredients to include the 
sympathomimetic, 1,3-dimethylamylamine (DMAA); 
both collapsed during physical exertion from 
cardiac arrest and ultimately died. 

 Our cases highlight concerns that DMAA in 
combination with other ingredients may be 
associated with significant consequences, reminiscent 
of previous adverse events from other 
sympathomimetic drugs removed from the market.

Eliason MJ, Eichner A, Cancio A, Bestervelt L, Adams BD Deuster PA
Case reports: Death of active duty soldiers following ingestion of 
dietary supplements containing 1,3-dimethylamylamine (DMAA).

Mil Med. 2012 Dec;177(12):1455-9. 



The Danger of Pushing Too Hard!
 Case report of a highly trained, 

heat-acclimatized infantry soldier 
who suffered from exertional 
heatstroke during a 12-mile road 
march shortly after taking an 
ephedra-based supplement. 

 Clinicians and military commanders 
should strongly discourage the use 
of ephedra-containing substances in 
active duty soldiers undergoing 
strenuous exercise.

Oh RC, Henning JS: Exertional heatstroke in an infantry soldier 
taking ephedra-containing dietary supplements. Mil Med.2003 

Jun;168(6):429-30.



What’s Really 
in There!



β-Methylphenethylamine

Β (2-)-Phen(yl)ethylamine

N-Methylphenethylamine

Ethylamphetamine

Amphetamine

Synephrine

Analysis of Craze



Stimulants and the 
Adverse Events:

Why? 



Stimulants and Exercise

 Vasoconstrictor
– Inability to properly thermoregulate

 Strain to Cardiovascular System
– Increased BP

 Increased Metabolic Heat
– Increased cellular metabolism

 Excessive Sense of Energy
– Loss of “governor” to regulate activity

O'Connor FG: Dietary supplements and warfighters: a challenge 
for military providers. Mil Med. 2012 Dec;177(12):1448-9.



Cardiovascular Mechanisms 
for Adverse Events

 Coronary vasoconstriction, 
tachycardia, and hypertension 
are principal mechanisms for 
myocardial ischemia and 
infarction.

 Reentrant cardiac arrhythmias 
are thought to be secondary to 
adrenergic shortening of 
cardiac refractory periods.

Dhar R, Stout CW, Link MS, Homoud MK, Weinstock J, Estes NA 3rd
Cardiovascular toxicities of performance-enhancing substances in 

sports. Mayo Clin Proc.2005 Oct;80(10):1307-15. 



Potential Mechanism with 
Long Term Use

 Two cases of ventricular arrhythmias induced 
by abuse of ephedrine in two competitive athletes. 

 Endomyocardial biopsies guided by 
electroanatomic mapping revealed contraction-
band necrosis, a myocardial injury frequently 
observed in cases of catecholamine excess. 

 Our cases suggest that long-term abuse of 
ephedrine may result in myocardial damage, and 
that these structural alterations may promote 
areas of slow conduction favoring re-entrant 
ventricular tachyarrhythmias and a long-lasting 
risk of ventricular arrhythmias.

Casella M et al: Ventricular arrhythmias induced by long-term use of 
ephedrine in two competitive athletes. Heart Vessels. 2015 

Mar;30(2):280-3. 



Cardiovascular Effects of 
Stimulants

 The caffeine concentration in 
these drinks is high and their 
overconsumption could lead to 
insomnia, agitation, tremors 
and cardiovascular complications 
including sudden death.

Chrysant SG, Chrysant GS: Cardiovascular complications from 
consumption of high energy drinks: recent evidence. J Hum 

Hypertens.2015 Feb;29(2):71-6. 



Stimulants and the 
Adverse Events:
The Lack of 
Reporting 



Know How and Where to 
report Adverse Events



 RESULTS:
– A total of 311 AMSSM physicians.
– Only 51% of respondents had a reliable 

source for information on DS safety; 58% 
routinely discussed DS use with their patients. 

– Although a majority (71%) of respondents 
had encountered adverse events 
associated with DS use, few of those (10%) 
confirmed reporting such events

– .Reasons that physicians did not report 
adverse events were lack of knowledge 
regarding where to report (68%), how to 
report (61%), and availability of time (9%).

Pascale B, Steele C, Attipoe S, OʼConnor FG, Deuster PA
Dietary Supplements: Knowledge and Adverse Event 

Reporting Among American Medical Society for Sports 
Medicine Physicians. Clin J Sport Med. 2016 Mar;26(2):139-44.



Stimulants 
and the 

Athlete with 
ADHD



NCAA Guidance 
August 2009

 Student athletes (SA) require formal 
documentation of a comprehensive 
evaluation that supports a diagnosis of 
ADHD.

 SA with a diagnosis of ADHD require 
documentation of an annual clinical 
examination.

 Clinicians must provide statement that 
non-stimulant medication was considered.



AMSSM Position Statement

Putukian M et al: Attention deficit 
hyperactivity disorder and the athlete: 

an American Medical Society for Sports 
Medicine position statement. Clin J 
Sport Med.2011 Sep;21(5):392-401. 



ADHD Medications and the 
Need for a Baseline ECG

 “The … statement advocates a thorough history and physical examination 
before starting stimulant medications, with an emphasis on the identification 

of risk factors for sudden death, but does not routinely recommend 
electrocardiographic screening or cardiac subspecialist consultation …”

Warren AE et al: Cardiac risk assessment before the use of stimulant medications in 
children and youth: A joint position statement by the Canadian Paediatric Society, the 
Canadian Cardiovascular Society, and the Canadian Academy of Child and Adolescent 

Psychiatry. Can J Cardiol.2009 Nov;25(11):625-30.



References 
for the Team 
Physician on 
the Utilization 
of Stimulants



NCAA Guidance



WADA



FDA MedWatch















Warfighter 
App to come!



Questions?
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