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Increased levels of physical activity, including struc- regarding fatal and life-threatening complications dur-
tured exercise programming, are widely believed to be ing exercise training in adults with or without known
one of the most beneficial and cost-effective interven- cardiovascular disease, identify the factors that might

i tions for patients who have cardiovascular disease or predispose adults to such complications, and examine
I are at risk for its development. There are a wide variety how the exercise industry is addressing these risks.

of epidemiologicl-3 and intervention4-6 studies demon- Bad outcomes during exercise training are related to. strating that a physically active lifestyle is related to a several causative factors. Exercise-related death in the

reduced incidence of cardiovascular disease develop- young is primarily related to undiagnosed congenital
ment, an improved prognosis in patients with estab- abnormalities, drug use, or trauma. Although quite
Ii shed disease. and an improved functional capacity. tragic when it occurs, the incidence of such events is
Data from meta-analytic studies of randomized trials,4.5 rare. However, it is not the main focus of this discussion
intervention studies,7-9 and more recent cost-effective- and has been reviewed adequately elsewhere.12
ness studieslO,l1 have demonstrated the value of formal The historical risk of exercise-related complications
exercise and risk factor management programs in in adults dates to antiquity, at least to the time of
patients with established cardiovascular disease. It Phillapides' death after his historic marathon-length run
seems conservative to assert that the agreement witIlin to report victory over the Persians. As long ago as the
the healthcare community that "exercise is good for 19th century, there was concern regarding the risk of
you" is nearly as universal as the assertion that "smok- overexertion injuries during rowing competitions in

I ing is bad for you." England. In contemporary times, concern regarding the
i And yet, bad things occasionally happen during risk of exercise increased after the quantum jump in fit-
ii! exercise. A number of individuals either die or have a ness exercise by the adult public after the publication of t

myocardial infarction during exercise. Because of the Aerobics by CooperI3 in 1968. Several reports during .I
incongruity of exercise-related cardiovascular complica- the decade after the publication of ~erobics sugg.es~ed . i
tions, such event..,; become newsworthy because they that there appeared to be a notIceable assocIatIon .

represent a "man bites dog" type of event. Beyond their between acute myocardial infarction and/or sudden
immediate impact on the stricken individual, such death inmlediately preceded by heavy exertion.14-17
events erode confidence in the importance of lifestyle This same literature demonstrated that most of the exer-
change as a therapeutic tool in the prevention and treat- tion-related deatIls in adults were related to previously
ment of patient's cardiovascular disease. The purposes undiagnosed atherosclerotic coronary artery disease. In
of the following discussion are to provide perspective 1993, in a pair of papers published in tIle same issue of

tIle New Englancl journal of iWedicine, Minleman et aIlS
and Willich et al19 demonstrated that unaccustomed
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ual's habitual exercise pattern. Individuals who exer- The earliest large report of the risk of exercise train-
cised frequently were m"llch less likely to trigger a ing in patients with known cardiovascular disease
myocardial infarction than individuals who were rela- appears to be that of Haskell in 1978.24 His report was
tively sedentary. In a follow-up study, Albert et al20 based on a survey of several gymnasium-based rehabil-
demonstrated that habitual exercise strongly decreased itation programs (Phase III-IV in today's classification
the risk that unaccustomed vigorous exertion would system). At the time, many of these programs had min-
trigger sudden death. imal monitoring capabilities and included patients who

Death during recreational exercise is predominantly had residual ischemia and would be considered high
related to atherosclerotic disease. Rogosta et a12! demon- risk based on contemporary classification schemes.28
strated that 88% of exertion-related deaths were consis- . He noted a risk of complications during exercise of

tent witl1 atl1erosclerotic disease, and tl1at only 7% of the 0.45/10,000 hours (Figure 1). This risk is approximately
deaths were in individuals with no known history of or 17 times less tl1an graded exercise testing according to
risk factors for atherosclerotic disease. This suggests that the contemporaneous data of Rochemis and
a .5ignificant percentage of tl1ese exertion-related deaths Blackbum2; (Figure 2). Significantly, during the same
might have been prevented if appropriate screening had time period, Hassock and Hartwig29 evaluated risk fac-
been used. In the presence of atherosclerotic coronary tors for complications in a gymnasium-based rehabilita-
altelY disease, exercise-related deaths are primarily tion program. They observed that p~tients with one or
related to plaque rupture and thrombus formation, lead- more risk factors including relatively well preserved
ing to myoc.-.trdial infarction or arrhythmia. In individuals exercise capacity, significant ischemia during exercise
with no prior history of cardiovascular disease, the pres- testing, persistence of ischemia into the recovery period
entation is primarily acute myocardial infarction over after exercise testing, and frequent violation of the tar-
sudden cardiac death, by a nearly 7:1 rdtio. However, in get heart rate during exercise training were the patient5
patients with known cardiovascular disease sudden car- most likely to have complications during exercise train-
diac deatl1, presumably from scar-related arrhythmia, is ing. In simple terms, exercise training in the presence
the more common presentation, by a 5:1 ratio over acute of significant myocardial ischemia appeared to be a
myocardial infarction.22-24 prime risk factor for exertion-related complications.

Understanding the risk of life-threatening emergen- In a more recent review of the risk of complications
cies during exercise training is complicated by the way during outpatient rehabilitation, which included moni-
in which the risk is computed. Most physicians and tored progr.lms and patients with the revascularization
healtllcare workers are accustomed to repolting the risk and medical options of the early 1980s, Van Camp23
of graded exercise testing, which is approximately 6 in observed a risk of complications during exercise tr..lin-
10,000 tests according to the classic data of Rochimis ing of 0.08/10,000 hours, which i:; 19 times less than the
and Blackburn,2~ but is significantly less in more recent now-reduced risk estimates for gr.tded exercise testing
studies.26.27 However, studies of the risk of exercise (Figures 1 and 2). The most recent estimates of the risk
tl-aining genel":.llly report the risk of exercise training in of complications during cardiac rehabilit~ltion progrdms
terms of events per p~lrticip~lnt hours. This represents (0.08-0.15/10,000 hours) is substanti~llly unch~lnged
something of ~ln ~lpples-~lnd-or~lnges type of comp~lfi- from Van C~lmp's estimate,j{)-32 which is 10 to 17 times
son th~lt is h~lrd to put into perspective. In this review, less th~1n gr~lded exercise testing. With tIle development

j \ve h~lve convelted the risk of both exercise testing and of new models t()r delivering monitored rehabilit~ltion,
! exercise tr~linillg into the CO1lll1l0n units of events per including tr~lnstelephonic monitoring, the risk ~Ippears

10,000 p~llticip~lnt h()urs. T() do this we h~lve assumed to he somewh~lt higher tll~1n in tacility-b~lsed programs
th~lt the risk peri()d t()r exercise testing is 0.75 hours but still quite low ~lt 0.42/10.000 hours,,\.~ which is four
(0.2'; h(lur,,; t()r testing ~lnd 0.';0 hours t()r recoveIY). W~ times less than gr~lded exercis~ testing.
h~lve t~lken the repolted risk for exercise training ;It t~lce Estim~ltes of tlle risk of exercist:-rel~lted complic~l-
v~llue be<'.~luse it Jppe~lf.,; from the studies th~lt the time lions in he~llthy Jdults is more complex in th~lt mJny
h~lse included both exercise and recovelY ~It the f~lcilit).. reports h~lve t()<:used on deJths, where~ls the d~lt;1 from
On this h~lsis. the risk ()f lit"e-thre~ltening <:ompli<:~ltion.,; reh~lbilit~ltion progr..lms gener~llly in<:lude both death
t()r both exer<:i.,;e testing ~lnd exercist: tr~lining h~IS been and life-thre~ltenillg <:ompli<:~ltions. From a series of
c~ll<:ul~lted in common units. The key numbers to t:~lrly ~tudie.'i. the risk of death during exercise in
r~member t()r <.:ontempor~ll"}' exercis~ testing Jppe~lr..to app~lrently he~llthy individuals Jppe~lfS to ~lnge from
bt: :.Ippr()ximatlo:ly 1.';9/10.000 h(lurs t()r clilli<:~llly indi- 0.01 to 0.20,'10.000 hours. whil.h is anywhere tr()m 6 to
<:~lted \;,x\;,rl1st: tests2l' Jnll'1.0(); 10.000 wlurs t()r screen- 90 times s~lt"er th~1n tht: st~lnd~lrd ri~k of <:linic~llly indi-
in~ c.:xt:rl1St.: tL'StS.2- It is imp()rt~lnt to nott: th~lt tht: risk L'att:d t:xt:rcise t~sts. or 1 to 60 time.'i s~lf~r th~ln th~
(If exc.:rci~c.: tt:stin~ has bt.:en ~ettin~ ~~lf~r. thus tht: lower risk of gr~ldt:d exercis~ t~stin~ l'ondu<:ted for
llef1(lminat(lr ()f the t:L\uatil)n L'ompJrin~ ext:rcist: testing s<:ret:ning purp()st:.."'..\- In ,.er). ,vell-s<:reened inllividll-
:'ln~1 exerL1~e tr:'linin~ is ru)t ~ntirt:\Y <:onst:'lnt. al~ and \\'ith fully 4u~llit1t:<.l ex<:r<:is~ 1t.:;ldership.
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Figure 1. Risk of serious complications during exercise training per 10,000 patient hours in patients with cardiovascular disease (left) and
healthy individuals (right). The number next to each author's name denotes the year of publication. Note that the absolute risk in patients
is, if anything, less than in healthy individuals. Also note the markedly lower rate of complications in rehabilitation programs after the begin:.

ning of the 1980s, potentially attributable to better clinical experience with exercising patients, more stable patients given the surgical and

pharmacologic options developed during the 1980s, and the availability of telemetry during exercise sessions.

Gibbons et al.~ rep()rted a risk of death of 0.03/10,000 in the data concerning snow shoveling as a trigger for
hours in healthy individuals. Assuming that the risk of acute coronary syndromes.4o
life-threatening c()mplications is approximately seven- To further understand the risk of exercise, one needs
times the risk of de:'lth, then the risk of fatal and life- to appreciate the pf'.lctical realities of 10,000 person
threatening complications in healthy individuals is hours. In an idealized world where each exerciser was
approximately 0.24/10,000 hours, which is actually exercising 30 minutes per day, 5 days per week, each
higher than that ()hserved in contempof'.lry cardiac person would accumulate 130 hours of exercise a year.
rehabilitation p()pulations (0.10/10,000 hours). On this basis, 77 individuals exercising for 1 year equals
However, because h~althy individuals are likely to be 10,000 person hours. Using a complication f'dte of
performing higher intensity exercise, and with less pro- 0.10/10,000 person hours, which seems to be the
fessional supel"\,isi()J1 than patients in rehabilitation median for contemporar)-' clinical populations, one
programs, this do<:s not seem unre:'lsonable. The most would expect 1 complication per 770 participants per

. recent data in healthy individuals are based on a retro- year. Assuming that each exerci.~er accumulates only 2.5
i specti\'e review of member deaths in a large commer- ses,~ions per week, whi<.'h seems more in line with real-
I cial health club chain,39 which approximates 0.04 ity, one might th~n expect one complication per 1500

'. i deaths/10,000 hour.~. Assuming a 7:1 complication: participants per year. Using the most idealized compli-
+1 death f'.ltio, the n<:t risk of complications is approxi- cation rate of approximately 0.03/10,000 person hours
i mately 0.32/10,000 hours, which also is higher than in prospectively healthy, fully screened, and well-super-
1 o!)s~r:'ed in. ca~.diac rehabilitation po~ulations. vi~ed participants,. one life:th~eate~i~g complicatio~

!: I Slgruflcantl)', In thIs data set a large proportIon of the mIght be expected In every 2,64 partIcIpants per )'ear If .i
j deaths were in memhers who exercised infrequently or oQe assumes a high frequency of exercise. If one

who had only rec~nrly begun to exercise, which is con- assumes a lower frequency of exercise (2.5 ses."ions per
sistent with the datJ on triggering myocardial infarction week), tl1en one complication might be expected in
by exerciseIH.20 :.lI1d on the risk-related to exercise eve!)' 5000 participants: The higher risk estimate (1 in
above the ischemil:tl1reshold.29 Further e\,idence of the 2564) may be spuriously high as in the 2.9 million mem-

'1 risk of unaccustom<:d strenuous exercise can be found hers evaluated by Ff'.lnklin,39 one would expect 1136
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Figure 2. Risk of serious complication during exercise training in patients with cardiovascular disease (left) and healthy individuals (right),
normalized to estimates of the risk of exercise testing contemporary with the report- Note that exercise training is relatively safer in

patients than in healthy individuals, partially because the risk of exercise testing in this population is very low,

life-threatening complications, versus 71 fatal events lar disease, McInnis et al4l evaluated pre-enrollment
and a projected ';68 serious complications (at a 7:1 life- screening at both association (eg, higher quality) and
threathening:fatal ratio), However, at a lower frequency nonassociation health clubs in Massachusetts using a
of exercise, and with an expected complication rate of survey that addressed a description of the facility, the
1 for every 5000 participants, Franklin's obsel-vations fit number and qualifications of the staff, the size and
predictions re~ls(mably well. demogf'dphics of the membership (including whether

Can the risk (Jf c_omplic~lti(ms during exercise train- special populations were being served) tl1e programs
ing be reduced? The dat~l ~lre in bro~ld agreement that offered, the policies and practice patterns for emer-
both exertion-rt:l~lred sudden c~lrdiac de~lth and acute gency procedures, and the history of emergency events.
myocardial infarl'ti(m are rel~lted to pre-existing coro- Disturbingly, they noted th~lt only 61% of clubs always
nary artery di,'it:;t,'ie, often not uiagruJsed, and that the screen their participants, with tile association clubs

I risk strongly ut:pt:nd'i (m ext:rcise intensity. The uata being no better th~m non~lssociation clubs. Of the 61%
: also broadly inuil';lte that onl'e the initial weeks of exer- of clubs that screened participants, only 49% required

cise are cOmpll'!l'U. more intense exercise is of less rel- some sort of physician clearance when the screening
;ltive risk. ThL'sl' (Jhserv~lti(ms .'iu~~est th;lt the two pri- inuicated a potential problem. Of the 61% of clubs that
mary str:.ltegil's t(Jr minimizing risk are appropriate screened clients, only 77% r~quired some sort of physi-
screening of pr( )spective ~xt:rciser.'i to iuentify individu- cian clearance in cli~nts with known cardiovascul~lr
als with a hi~ll risk of occult coron~lry ~lrtery disease disease, Cle~lrly, despite clear profession~11 society
~mu apprOpria!l' L'(mtr(J! (Jf t:xercise int~nsity, particu- guidelines indicating that particip~lnts should be
larly Juring tIlt: first fe\'! wt:t:ks (Jf an exercise progr:.lm. screened anu that the patient's physici~m should be

Given tht.'st: rt:commenuari(Jn.'i. ir is interesting to inv(Jlved when screening indicates potenti~ll prob-
note th~lt tht.' 11t:;llrl1 LIllo indus!l)' u(Jes a velY poor joo Ic:ms.'! health cluos are not identifying potential proo-
of screenin~ pr( ).'ipt:criv~ p~111iL1p~lnts, [f (mly young ~md [ems o~fore tl1ey get ro the exercise fu)or. Most dis-
prospective!)' 11t.'Jlthy inui\'iuuJls ust:u these f~lcilities, ruroingly, 4,;1!4) of th~ clubs never pr:.lctice or revi~w

there might 1)t.'ll'~.'i conl:ern. ~[()\vt:\'er. rht:re is cle:.lr t:vi- t:mt:rgt:n<.'Y pr<>cedur~s, and only 24(~/u pr..lctice more tll~ln
u~nce that rhl' 11l'JIth duo inuu.'irl"\' is ~l!tracting a pru- t\vic~ :.I year. Rel'ommend~ltions trom the ,-\1nerican H~;111
gressiv~ly (Jllll';. l'lientel~ ;Inu is I~eginning to st:I""'e a Associarioni'Am~ric;m College of SpOits M~dicin~ inui-
si~nificant nUIIU)I.'r of pJtit.'nts \\1rl1 st:.lolt: <'::.Irdi(JV~IS"::U- . catt: th:.l[ ~mergency pracric~ shoulu occur ~! minimum
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'= "I of four times per )/ear. Although still not \rel}' encour- or who de\'elop significant myocardial ischemia during
!. aging, association clubs did somewhat hetter than exercise, suggesting that well-qualified exercise leader-
i nonassociation clubs regarding staff qualifications: 43°/0 ship is essential in terms of minimizing the risk.
.[ v~rsus 16% of clubs had fitness staff with at least bach- Because th~re is some evidence that the physiologic
J clor's degree in a relevant major. However, in facilities \'entilatoty tllreshold occurs before the ischemic thresh-

c' '.'1' th~t offered special ~rograms for the elder~): ?r patie~ts old,~ ~~d because simple monitor~ng ..,rrate~ies such as
with known heart disease, only 38% of facIlities had ht- tile ability to talk comfortably durIng exercIse seem to

.1 ness staff composed completely of individuals with for- mark the ventilatory threshold well,.'~ it may be that
i mal academic training. Other, potentially more defini- keeping exerci..,e intensity at a level where the patient
1 tive, evidence of the professional competence of the is comfortable speaking may meaningnilly contribute to
I, staff such as professional society certification was not the safety of exercise training. In apparently healthy

addressed in this study. In a more recent surveyor 122 individuals, the risk of exercise training may vary sig-
! clubs in Ohio, representing more than 110,000 mem- nillcantly. In well-screen~d and well-sup~rvised indi-

hers and with special population programs offered in viduals, it may be as low as 0.03/10,000 hours, although
52% of clubs, McInnis et al".~ found that 17% had a doc- a risk of approximately 0.2/10,000 patient hours seems
umented cardiovascular emergency in the previous 12 to be a more defensihle median value, which is approx-
months. Despite this clear risk to the safety of their par- imately four times less than the already low risk of exer-
ticipant'i, 28% failed to use pre-entry screening, 53% cise testing in this population. This risk is the same, or
had no written emergency plan, and 92% failed to prac- perhaps slightly higher, as in cardiac rehabilitation pro-

, tice quarterly emergency drills. Interestingly, 82% of the grams, probably because the intensity of training usu-
. staff members were unaware of the AHA! ACSM guide- ally is higher, is much less well regulated, and the par-

lines,42 and only 3% of facilities had automated external ticipant'i are very much less well screened than patients
defibrillator. On the basis of these data, we can only in rehabilitation programs. In this population, acute
note that it is a good thing that the risk of exercise is myocardial infarction seems to be the more likely pres-
intrinsically low, because the health club industry is entation of complications. Complications are related to
apparently doing little to reduce tile risk. the frequency of exercise and how long the participant

Although abnormal screening exercise electrocardio- has been participating, with relatively inexperienced
gram findings do identify a population at an increased participants being at particular risk. Clearly, better
risk for activity-related acute cardiac events, the sensi- screening of participant-." improved supervision aimed
tivity of the procedure is not very high,22 particularly for at moderating the intensity of the early weeks of exer-
identifying unstable plaques that can rupture and lead cise, and the employment of demonstrably qualified
to acute myocardial infarction. Thus, it may be argued staff will contribute to reducing this risk.
that a preliminary period of comparatively lower inten-
sity exercise training at the onset of a training program, R fh. h . k b . d . h d d . k f e erences
w IC is nown to e associate wIt a re uce ns 0
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strategy for reducing the risk of exercise-related com- of heart attack risk in college alumni. Am.1 Epidemiol.

plications than screening exercise tests, which are likely 1978:108:161-175. . . . . .b . b . I . 2. Morns IN, Pollard R, Eventt MG. Vigorous exercise In leIsure
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