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Abstract 

The amphetamines can enhance at  hl e t  i c performance. That much seems cl ear 

f r m  the  l i t e r a t u r e ,  sane of which i s  reviewed here. Increases in endurance 

have been demonstrated i n  both man and r a t .  Smith and Beecher, 20 years ago, 

showed improvement of running, swiming and weight t h rowing  in highly trained 

a th le tes .  Laboratory analogues of such performances have a1 so been used and 

simil ar enhancement demonstrated. The amount. of 'change .induced -by the  

avphetamines i s - u s u a l l y  small, of the .order  of a few.percent. Nevertheless, 

since a frac' t i  on of a percent improvement can make the difference between f me 

and obl ivion, the  margin conferred by these  drugs can be qui te  important. 



An analytical chemistry laborat'ory i s  now as much a part  of Olympic 

competition as the Olynpic flame. I t  owes i t s  s t a t u s  mainly towidespread 

covert amphetamine ingestion by a th le tes  and t h e i r  belief t h a t  amphetamines 

enhance performance. The ef f icacy  of amphet ami nes i n compet i t i  on, a1 t h o u g h  

s t i l l  questioned occasionally by c r i t i c s  (e.g., 9), appears t o  be securely 
\ 

establ ished. This review reexamines the evidence f o r  t h i s  asser t ion.  Since 

we have t reated the  d e t a i l s ' i n  e a r l i e r  publications,  we will be se l ec t ive  

ra ther  than exhaustive .in our present coverage (6,15,16). To spare the reader 

suspense, we will here conclude t h a t  t h e r e  i s  indeed an amphetamine margin i n  

sports.  I t  i s  small b u t  important. 

Endurance, . By the time the 1 a s t  beer commerci a1 has faded from the 

t e l ev i  si on screen on Sunday afternoon, the  gl adi a tors  of professional footba l l  

must fee l  as drained as discarded beer bot t les .  The hours of supreme.effort  , 

and physical press endurance t o  i t s  utpost l imit .  A medication 

tha t  re tards  the i nevi tab1 e depl e t  ion of phyii cal capaci t y  woul d represent a 

potent ccmpeti ti ve advantage. The hi s to ry  of research on perf.omance 

enhancement owes much t o  the,  r ea l i za t ion  of both s ides  in World War 11 that  a 

drug able t o  keep soldiers  performing a t  a high level of eff ic iency would be 

equivalent t o  a powerful weapon, The potent ial  offered by amphetamines was 

discovered qui te  early. Figure 1 shows t h e  r e s u l t s  of a German study of 

running t o '  exhausti on on a treadmil 1 (4) . The 1 ength of bar i s  proporti onal 

t o  the nmber of minutes t h a t  a s ingle  female subject  could r u n  a t  high speed . 
before co11 apsing. The char t  demonstrates tha t  these  intramuscular inject ions.  

of methamphetamine. ("Pervi t i  nu) did indeed p rmote  endurance in  t h i s  

physically demanding e f f o r t .  
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1-lost of the other laboratory studies of endurance confirm such an ef fect ,  

although usually in a much diminished amount. A study by two.British 

s c i en t i s t s  employed b o t h  cycle and hand ergmeters  ( 3 ) .  Figure 2 shows 

resu l t s  with the cycle ergometer. The subject,  a young man; was instructed t o  

pedal at a speed of 52 revolutions per minute against a constant load of 2 

k i  1 ograms, matching his  pedal1 i n g  against a metronome. The Y-axis gives 
r 

revolutions per 15 minutes; the performance can be seen ( l e f t  graph) to decay 

over. the five hours of constant pedal 1 irig. A t  the i  ndi cated times pl acebo 

tab le t s  were given with no effect. In the graph to  the  r ight ,  a 15 mg 

aqphetamine dose'produced a marked r i s e  in pedalling r a t e  for  several 

hours. .Amphetamine altered performance on the hand erganeter in a similar. 

fashion. 

Another aspect of prolonged performance i s  possibly relevant to  a th le t i c  

performance: at leas t  two groups (2,14) noticed t h a t  soldiers forced t o  march 

long distances and given amphetamines tended to ignore severe foot b l i s te r s  

and were willing to' continue m-arching despite them.  Mandell ( 7 )  has reported 

that  football players on amphetamines behave l ike  t h i s ,  aying on while 

ignoring pain f r m  injuries. 

Amphet mi ne- induced i rlcreases I n endurance can a1 so be seen i n.' 1 aboratory 

animals, a ' f a c t  that  gives the findings we have jus t  reported.for man sane 

biological generality. Gerald (3)  studied treadmil 1 running by ra ts .  

Injections of between 0.6 .and 5.0 mg/kg !-amphetamine increased $he length o f  

time that  his r a t s  ran before fa i l ing  t o  keep up with the ra te  o f  the 

treadmill. A dose of 10 mg/kg decreased endurance. Swimming endurance i s  

also prolonged.' Figure 3 shows data from a study by Bhagat and Wheeler ( I ) ,  

who injected T) d-amphetamine before allowing r a t s  t o  swim until exhausted, a t  ' 



xhich point they were removed frcxn the water. They t r i e d  t o  reduce the  

vari abi l'i t y  of perf omance by gi vi ng the  r a t s  extensive .p rac t i  ce before 

t e s t ing .  Cmparison of the  two s tudies  shows t h a t  much lower doses of drug 

.sere  e f fec t ive  with running than wi.th swimming. The key t o  the  difference may 

be t h a t  the  treadmill task used by Gerald involved shocking the  r a t s  whenever 

they f a i l e d  t o  run f a s t  enough to keep u p  with the  speed of the moving be1 t, 

and e l e c t r i c  shock magnifies many actions of the  actions of amphetamines (17). 

Ath le t ic  perfom.ance. The most extensive s tud ies ' o f  the e f f e c t s  of the 

avphet ami nes on athl e t i c  performance were pub1 ished more than twenty years ago 

by. a psychologist, Gene M. Smith, and an anesthesiologis t ,  Henry K .  Beecher. 

Their  s t  udi es were commi s s i  oned by the  Arneri can Medi cal Associ a t i  on' s 

C m i t t e e  on Amphetamine Drugs and Athletes. Smith and Beecher (10) tes ted 

highly trained athletes ,  almost a l l  of whom were members of e i t h e r -  the vars i ty  

o r  freshman teams of lar'ge' colleges and univers i t ies  i n  the  Boston area.  his 

concentration of e f f o r t  on well t ra ined subjects  was probably what made i t  

poss ib le  f o r  t h e m  t o  detect  the small ,changes induced by the drugs. In a 

paper published a few years . a f t e r  t h e i r  or iginal  work had been reported, they 

showed tha t  the  standard er rors  obtained with highly practiced swimmers were 

half as l.arge as those f o r  non-experts (12).  

Smith and Beecher studied th ree  cl asses of a t h l e t i c  performance: 

swimming; 'running and weight throwing. A dose of 14 mg/70 kg of 

d,l-amphetamine was given two t o  three  houri before the event.. Tab1 e 1 shows ' . 
r e s u l t s  on swimming performance, with each subject par t ic ipa t ing  in his  own 

spec ia l ty .  For each event, the times represent the  performance of three  

swimners on four  separa te ,  occasions. ~l though the differences were small, 

they were qu i t e  consistent;  14 of 15 swimmers improved with amphetamine. 



Smith and Beecher encountered much more vari abi l i t y  in studying running, 

, probably because t h e i r  runners ran in events extending from 600 yards to  12.7 

mil es ,  and because many events took. pl ace out of doors during incl ement 

weather. Nevertheless, here too they found tha t  the differences were 

predominantly in the  direction of improved performance: 73%-(19 out of 26)- 

of the  runners ran f a s t e r  a f t e r  amphetamine. 

They a1 so studied kollegi ate weight throwers and shot-putters.  Six threw 

the  35-lb. weight and four the 16-lb. shot. The weight throwers improved 4.4% 

a f t e r  amphetamine (44.68 f t .  to  47.67 f t . ) ;  the shot put ters  improved, 4.6% . 
, 

(39 .32  f t .  to 41.11 f t . ) .  In both cases we are c i t i n g  the  mean distance of 

t h e  throws. 

For the  runners and swimmers, the  d r u g  e f fec t  could have acted on fat igue 

induced by the performance; such an e f f e c t  would be eas i ly  understandable' . 

because amphetamine a1 e r t s '  people i n  many ways, cram abol ishi  ng sleepiness t o  

sharpening vigi l  ance (6,13,16). B u t  t he  r e su l t s  with the  weight throwers and 

shot put ters  appear. t o  r e f l ec t  a d i f f e ren t  process; here, we are dealing with 

a b r i e f ,  even 'explosive response i n  f u l l y  rested subjects.  This phencmenon, 

too,  has been demonstrated in the 1 aboratory. Hurst and associ ates (5) 

studied grip s t reng th .  Their subjects squecscd a simple dynammeter, and 

exerted 4.2% more force a f t e r  - d-amphetamine than a f t e r  p l  acebo. 

Smith and Beecher (11) also examined the  subject ive responses of t h e i r  

a th le t e s .  They found tha t  the amphetamine increased feel ings of being "revved . 

up" before the  ath1eti.c event; t h e i r  subjects  f e l t  more vigorous, more 

energet ic ,  more a l e r t .  These changes would.certainly help prepare an a th le te  

f o r  a s a t i s f  aCtory performance. We should note, in passing, t h a t  humans have 

been reported as being more aggressive when given amphetamines ( 7 ) .  So have 

r a t s  (8) .  



Concl usions. Amphetamines can confer a s igni f icant  competitive edge in 

spor ts .  That much i s  c lear  from the t o t a l  1 i t e ra ture .  Their versat i  1 i t y ,  

moreover, i s  so renarkable tha t  they enhance acute bursts of s t rength as well 
. . .  

as the abi 1 ity t o  cope with prolonged challenges to  endurance. When we 

s t a r t e d  t h i s  revi,ew, we thought t h a t  w e  would be able t h i s  time to offer  scme 

good quan t i t a t ive  estimates of. the amphetamine margin i n  sports .  B u t  we 

cannot; there  .simply i s  not enough pub1 ished d i r ec t ly  relevant t o  a t h l e t i c  

performance. Unfortunately, somethi ng. akin t o  i ndustri a1 secrecy renders a1 1' 

t h e  work done by a th le tes  and coaches unavailab.le t o  the  s c i e n t i f i c  cormunity. 

The .continuing debate on eff icacy of the amphetamines a r i s e s  from a 

misreading of t h e i r  quanti t a t i  ve' contri  b u t i  on. Research s t r a t e g i e s  in the 

l i f e  sciences typica l ly  aim a t  large e f fec t s .  These are usually large enough 

to be discriminated by. s t a t i s t i c a l  t e s t s  in a small or moderate sample of 

subjec ts .  How many invest igators  would f ind i t  worthwhile t o  pursue a one 

percent difference? Yet,, a th le tes  'endure years of to r tu re  to  achieve just 

such a difference. The debate p e r s i s t s  because of f a i l u r e  t o  appreciate t h i s  

aspect of spor ts ,  and because of the i n t r i n s i c  in sens i t iv i ty  of s t  a t i s t i c a l  

t e s t s  t o  such minute differences. 

There i s  an amphetamine margin. I t  i s  usually small, amounting t o  a few 

percent under most circumstances. B u t  even when t h a t  t iny,  i t  sure ly  can 
. . . . 

' s p e l l  t he  difference between a gold medal and s ix th  place. Figure 4 shows how 

t h e  time t o  r u n  one mile has decreased over the  years. There has been only a 

15% improvement over the 100 year period shown---omitti ng t h e  f i r s t  point. On 

t h e  average, the  time needed to cover a 'mile. has decreased about 0.4 sec per 

year. The graph indicates. tha t  i t  takes about s i x  or seven'years t o  produce a 

1% change. Interpretat ion of t h i s  estimate i s  complicated by t h e  rapid 



i ncl-ease. i n  \.,orld popul ation. And the nuiilber of men devoting t h e i r .  e f fo r t s  t o  

' this r a the r  e s o t e r i c , p u r s u i t  i s  a function of many other  var iables .  However, 

one can e a s i l y  see t h a t  he who can run 1% f a s t e r  today than yesterday will 

suddenly be years ahead of his time, so t o  speak. He wil l  move from being a 

' four minute miler to  a hero who. can f in i sh  the  mile in '3:57.6. This i s  no 

mean f e a t  f o r  a pharmacologic agent. And even l e s s  of an . e f f ec t  can be 

important. For instance, when Roger Bannister broke the  four  minute bar r ie r  

i n  1954 he ran the  mile i n  3:59.4. . - Ten new records were recognized as runners 

success ive ly  shortened the  time 10 seconds more t o  the  3:49.4 with which John 

Walker pranced i nto the  record books. i n 1975. Six of those records .depended 

on a d i f fe rence  of 1 ess than one second. . . 

The  experimental l i t e r a t u r e  probably underestimates the competitive'edge 

conferred by t h e  amphetamines.. Almost a l l  experimenters have studied a fixed 

s i n g l e  dose given t o  a l l  t h e i r  subjects a t  a f ixed time before an event.. A 

pharmacologically aware. coach: or a th l e t e  would t i  t r a t e  both dose and 1 atency 

t o  performance on repeated t r i a l s  unt i l  sure of the  best  combination. In t h i s  

way, he could s t r e t ch  the  margin s t i l l  fur ther .  Amphetamine i s  ca l led  "speed" 

f o r  good reason. 
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Table 1 ' . 

Amphetami ne-i nduced changes in  swimming (10) .  ' . 

P 1 acebo Amphet ami ne % Improvement 

57.47 sec 56.87 sec 1.04 100 yd Free s t y l e  

100 yd But t e r f l y  ' 70.96 69.36 2.25 

200 yd Free s t y l e  ' 136.88, . . 13.5.94 0.69 

200 y d  Back s t roke  " 159:80 158.32 

200. yd Breast  s t roke  171 ..87. 17 0.22 



~ i ~ u ' r e  Legends. 

Fig. I. Running time unti'l exhaustion as a function of methmphetamine 

treatment. This i s  portion of Figure 1 from reference 4. 

Fig. 2. ' Performance on cycle ergometer a f t e r  the  indicated treatments. 

Adapted from Figures 5.and 6 i n  reference 2. 

F i g .  3 Swimning of r a t s  a f t e r  doses of - d-'amphetamine su l fa te .  Data are 

derived from Table 1, reference 1. 

Fig. 4. Records f o r  the  one-mile r u n  over a 100 year period. 
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