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~! c-. exercise and the heart !

ij::, ~ -=:0- Is Brisk Walking an Adequate ,;'. ~

iii" Aerobic Training Stimulus for .;1

i c.ardiac patientS?*. '. . f
~.; Kristen J. Quell, BS, John P. Porca", PhD, Barry A. Frankhn, PhD, 1

Ii.'. Carl Foster, PhD; Richard A. Andreuzzi, MS; and Ryan M. Anthony, MS t

I!! Walking is the most common aerobic training modality utilized in cardiac rehabilitation J
j" programs. However, it remains unclear whether or not brisk walking is of a sufficient J
1:': intensity to improve aerobic fitness in this population. In this study, we investigated whether
JI:; men and women with coronary artery disease can achieve an exercise intensity that is
r: ! sufficient to induce a training effect, ie, a training heart rate (THR), defined as ~ 70% of
~! measured maximal heart rate (HRmax), via brisk walking on a flat surface. One hundred
~.; forty-two outpatient volunteers from ~e W~lliam Be.aumo~t Hospital Cardiac. Rehabilitation J.
.:: Program (Royal Oak, MI) and the Umverslty of WIsconsIn-La Crosse Exercise and Health
~1' Program (La Crosse, WI) were asked to walk one mile as briskly as possible on measured i
U.~:' tra~ks. He~rt.rate was monitored throughout the. ~al~ via radiotel~metry. The percentage of
~?: patients WIthin each gender and phase of rehabilitation who attaIned a THR were assessed
~:: using peak or symptom-limited exercise testing to determine tbe HRmax. All of the women
~!:, and 90% of the men achieved a THR, averaging 85 :t 8% and 79:t 10% of HRmax,
~::: respectively (mean :t SD). There was no difference in the percentage of phase II or phase III
~:; cardiac rehabilitation program patients who achieved a THR. These Imdings suggest that
~~. brisk walking is of a sufficient intensity to elicit a THR in all but the most highly fit patients
~!t with coronary disease. Thus, physicians and allied health professionals can prescribe brisk
Ii: walking on a flat surface to their cardiac patients with confidence that this intensity will
i~!;, achieve cardiorespiratory and health benefits. (CHEST 2002; 122:1852-1856) . 1

:;;, Key words: aerobic capacity; brisk walking; cardiac rehabilitation; fitness; threshold exercise intensity; training !
I,!!" heart rate i,!\ 'i'i! Abbreviations: HRmax = maximal heart rate; MET = metabolic equivalent; mph = miles per hour; .
;\; RPE = rating of perceived exertion; THR = training heart rate
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I:;: Research has shown that running, bicycling, and walking as a training modality support tlle effective-
1;1: other popular fonlls of aerobic training provide a ness of this fonIl of exercise in eliciting an aerobic ,;;
t., sufficient stimulus to improve cardiorespiratory fit- training response.Porcari et all reported that 91% of

I"' tL ness. Much less is mown about the aerobic benefits apparently healthy untrained women and 83% of

~ of walking. The few studies that have evaluated men ~ .50 years old could achieve an aerobic training .
~ threshold (defined as ~ 70% of maximal heart rate '

~i "From the Dep.unnent of ~edicine (Ms. Quell, Dr. l'~ranklin, and [HRmax]) via fast walking. Similarly, Spelman and
fr Mr. Andrellzzi). Division ot Cardiology (Cardiac Rel1abilitation), II . 2 c d h. I alh i. b. al alk!:~ Wil!iaIn Beaumont Hospital, Roy.u Oak, MI; and the Dep;utlnent of co eagues roun t at Ie t y, la ltu w; ers were

[;: Exercise ,md .Sports Scie~ce (Drs. .Porc~ and Fost~r. .md Mr. able to attain at least 70~ of HRm.ax v:hile walki~g ~t
r, ~tllonv): U~~rslty ofWlSco~-~ c~, La Clusse. WI,. - self-selected paces. PreVIOUS studies m healthy mdi-
, M.muscnpt lecelved Apnl 16. .002, reVISion accepted April 1., .d al I .1 h th b . k alkin .f'

dt~ 2002. VI u s lave ~so S own at ns' w g. 1 un er-
~! CC)/Te.\"pondence to: Bam} A. Franklin. PhD. Beaumont Rehabil- taken at moderate intensities (eg, three to four miles
;,'.' itation and Health Center. Cardiac Rehabilitation Depamnent. h ) ul . . . h alth1: 746 Purdy St. Binningham, ,WI 48009: tJ-lllail: bfranklin@ per our, can res. t m ll~provements m e
~; beaumont.edu outcomes .md aerobic capaclty.J.4
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Walldng is the most common form of physical perimeter of a gymnasium (22 laps per mile); at the La Crosse
conditioning in most exercise-based cardiac rehabll- testing site, the walks were performed on a measured indoor

. . H I d I . alf track (8 41ps per mile). All of the walks were performed
rtation pro gr ams. owever, ag e-re ate osses m c . di .d all d t d . D . th walk. .. m VI u yan were no pace manymanner. unng e ,

and quadriceps strength coupled WIth orthopedic or heart rate was monitored and recorded each minute using a
musculoskeletal limitations may limit how fast pa- telemetry ECG .system (Vitalcom; Tustin, CA) or a.heart rate
tients can walk, and thus hamper their ability to monitor (Polar; Port Washington, NY) at the Beaumont and
achieve an adequate training intensity.s.6 Empiric La Crosse sites. respectively. At the conclusion of the one-mile

. t th t ld . .], .d als d walk, subjects were asked to provide a rating of perceived
expenence sugges s a many 0 er mwVl u an exertion (RPE) using the Borg (6-20) scale.lo

cardiac patients believe that vigorous exercise (ie,

jogging or running) is required to achieve a training Data Analysis

effect. The present study was designed to detemline
if brisk walking on level ground could proviqe an Because heart rates recorded during the first quarter mile

adequate aerobic training stimulus (training heart reflect a transition from rest to exercise, and heart rates during
t [THR] d fin d ::>10m f d HR ) the last quarter mile may be influenced by fatigue, heart rates

ra e , e e as - -/0 0 measure max f th .ddl . f h alk(. h . .ddl.' rom e ml e portion 0 t e w ~e, t e entire two In1 e

m men and women WIth documented coronary artery quarter-mile segments) were averaged and compared with the
disease. patient's HRmax during exercise testing. The goal of the

analysis was to determine the percentage of cardiac rehabili-
tation patients that can achieve a THR, defined as ~ 70% of
HRmax. Differences between men and women as well as

MATERIALS AND METHODS differences between phase II and phase III patients were also
evaluated. A discriminate function analysis was used to iden-

Subjects tify variables that differentiated between those who did and
did not achieve a THR.

We recruited patients from the phase II (early outpatient)
and phase III (maintenance) cardiac rehabilitation programs
at William Beaumont Hospital (Royal Oak, MI) and the RE SUniversity of Wisconsin-La Crosse to participate in the study SULT

protocol, which was approved by the human investigation A t tal f 142 ti. ts (28 d 114 .
.tt f h .. .. S I d I 0 0 P a en women an men,

comml ees 0 t ese respective Institutions. e ecte ow-to-
moderate-risk patients were deemed eligible to participate, mean :!: SD age, 64.2:!: 9.9 years and 63.4:!: 9.5

provided they had undergone a recent (generally within the years, respectively) volunteered to participate in the

previous 6 months} maximal graded exercise test to volitional study and completed the protocol without adverse

fatigue, and had not had subsequent changes in heart rate- cardiac signs or symptoms. This number included

altering medications. 41 h II ti. t d 101 h III ti . t Allp ase pa en s an p ase pa en s.

subjects had a history of angiographically docu-

Laborato"} Testing Procedures mented co~onary artery disease, coronary bypass

Patients underwent peak or symptom-limited exercise tread- graft s~eiy, myocardi~ infarction,. percutaneo~
mill testing using primarily Bruce or modified Bruce proto- translummal coronary angIoplasty/stenting, or combI-

cols.7 Patients were encouraged to exercise to volitional nations thereof. Only 1 of the 142 patients, a woman,

fatigue or ~ntil they experienced limiting sytnptoms. During was a current cigarette smoker. Medications received
each exercise stage and recovery stage, symptoms (eg, chest by the patients included f3-blockers (650/£) antiplateletdiscomfort, shortness of breath, fatigue, dizziness, leg pain), .. 0 '. .

BP, heart rate, ischemic ST-segment depression (defined as agents ~91 %), calC1~ ~~onists (15~), an~otensm-

~ 1 mm of horizontal or downsloping ST-segment depression converting enzyme inhibitors (20%), motroplc agents

80 ms after the J point), cardiac rhythm, and exercise workload (7%), lipid-lowering medications (68%), nitrates (13%),

were recorded. Aero~ic fi~ess was estimated for each subject, and diuretics (12%). Descriptive characteristics of the
expresse? as metabolic equlv.atents (METs) [1 MET = 3.5 ~L subjects are shown in Table 1.
O~g/mln], based on treadmill speed, grade, and test duration. -(minutes), using established regression equations for cardiac Of the patients tested, all of the w.omen (n -: 28)
patients.8 Tight gripping of the handrails during treadmill and 90% of the men (103 of 114 patients) achIeved

testing was not permitted, as this has been shown to decrease
the actual energy expenditure and to increase performance
time, resulting in an overestimation of aerobic capacity.9 In
some instances, balance was facilitated by the subject's finger . . . . . *
or palm placement on the handrail. Table I-Descnptive Charactensnc8 of the Subjects

Subjects Age, yr Height, cm Weight, kg Maximal METst

Field Testing Procedures Women 64.2:t 9.9 164.1:t 7.7 71.4:t 17.5 i.O:t 1.6

F II . Ii . W n Ip cons.sti. g f t tl . Men 63.4:t9.5 177.0:t7.1t 86.3:t15.it 8.9:tl.2t
0 oWIng a pre mmary an -l I nos re c ling

exercises and low-level ambulatory activities. each subject was *Data are presented as mean :t SD.
asked to walk one mile as briskly as possible. At the Beaumont t Estimated from the laboratory treadmill exercise test.
testing site. ill walks were conducted on a course around the ISignificantly different than women (p < 0.05).
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1;; a THR, averaging 85:t 8% and 79:t 10% of improving aerobic fitness can be quite variable, i

~ HRmax, respectively. Table 2 shows the mean particularly at the lower end of the continuum, it :
\:. (:t SD) data from the one-mile walk test. There is largely dependent on the initial fitness level of
It~ was no significant differ~nce in the p~rcentage of the in~vidual p.atient.11.1~ .Ex~rcise in~e?sities for
~{. phase II or phase III patients who achieved a THR outpatie~t cardiac rehab1litation partiC1pants are
~ii (88% and 91%, respectively): Only 3 of the 142 generally prescribed in the range 60 to 80% of
~£ patients tested averaged < 65% HRmax during aerobic capacity, which approximates 70 to 85% :

~f the walk. Estimated maXimal METs was the only HRmax.8.14.15 Provided that exercise is performed i
m significant discriminating factor between those above the lower end of this range, the total volume
~ men who did (n = 103) and did not (n = 11) attain of exercise arguably becomes the most important
I : a THR (8.8 vs 10.4, respectively; p < 0.05). How- determinant of benefits, with low-to-moderate
f ever, there was a tendency for HRmax to be higher intensity/long-duration programs showing compa-
~, (145 ~ 22 beats/min vs 133:t 23 beats/min, re- rable benefits to higher-intensity/shorter-~uration
;' spectively; p = 0.08) and RPE to be lower programs.16 Because a goal for many cardiac reha- :

(11.4 :t 2.1 vs 12.0 :t 1.2, respectively; p = 0.16) bilitation patients is to reduce body weight and fat t
in those men who did not attain a THR. The lower stores, exercise prescriptions that utilize more f
RPE values were particularly evident in the phase moderate intensities and an extended duration are 1

II men (9.8:t 2.1 vs 11.6:t 1.2, respectively); often preferred. Additionally, these training regi- .j.

however the difference did not reach statistical mens are associated with a reduced cardiovascu- ~

signific~ce (p = 0.20). lar17.18 and orthopedic risk,19 and an improved t
exercise adherence.20.21 :tRelative to exercise benefits, increased cardio- " 1

DISCUSSION respiratory fitness has traditionally been empha- f
. . sized more than the potential for improved health J

The r~ults of this study couoborate; preVIous and disease prevention. Consequently, many per- ~

rese8;Tch ~ healthy adults ~d suggest that ~ost sons consider exercise as being synonymous with i
car~ac patients c~ use .w.aJking.on a.flat surface to vigorous physical activity, like jogging or running. 1.
proVlde.an aerob1c tralnlng stimulus. All of the A major goal of our study was to dispel the notion j
women m the present s~dy. and 90% of the men that patients with heart disease must jog or run in 1.

ii, (regardless of ~e rehabilitation ~hase, .phase I~ or order to attain a THR. We found that women and I.
I~,~ phase I,ll) achieved a THR Wlth bnsk walking, men who walked at average speeds of 2.9 :t 0.5 j
.r defined as ~ 70% of HRmax. . : miles per hour (mph) [range, 2.2 to 4.5 mph] and 1

.J:: The t~resho~d v.alue. of 7001.0 HRm~ used m .ili.e 3.3 :t 0.5 mph (range, 2.2 to 4.5 mph) respec-
I;

i:: cuuent m:estig~h~n ~s con~l~te~t Wlt~. th~ milli- tively, generally achieved a THR. These speeds .
~::; ~al effective t~aI~ng mt~nS1tieS Idenhf1ed :n pre- should be readily attainable for the majority of '

,::,::, VlOU~ reports,l.-.l~ mcludin.g a recent. analys~s of 21~ patients in cardiac rehabilitation programs, re- .~

~,; stud1es of aerob1cally trained cardiac patients, gardless of the setting (ie, traditional supervised vs 1
a:; and is slightly above the minimal threshold range home-based). ~

:\\; ~55 to 64% HRmax) recomm~n.ded by ~he Am~r- Although a small number of our patients (men '1
:;!' 1can. Colle.ge of S~orts ~e~c1~e. for ImproVIng only) failed to achieve a THR (11 of 142 patients),
ii: ca~d1ores~lratory utness m mdiVldua:Is w~o are it is likely that substantial health benefits would
¥: quite unfit.13 Although the threshold mtens1ty for still have been realized from their attained exer-
.::; cise intensities, provided that the frequency and

,:~, duration of training were appropriate. Research
1( Table 2-Results of I-Mile Walk Test* has shown that numerous health benefits can be
\; derived at more moderate exercise intensities, that

:;:: Variables Women Men is, at intensities below those commonly prescribed
.1": I-mile walk time. min:s 20:12:!: 3:48 17:48:!: 3:31t for cardiorespiratory conditioning (ie, < 70% HR-

He.lrt rote during I-mile walk. 105:!: 14 104 :!: 14 max). These include favorable changes in bone
beuts/~1in. . density, glucose tolerance, and coronary risk fac-

HRmax trom 6Taded exercISe test. 125 :!: :?'3 132 :!: 23 tors as well as a reduction in cardiovascular-beats/mill 1 ' d al. "9 "3
HRmax attained, % 85 :!: 8 79:!: lOt re ate mort. 1ty.--'-

; RPE during I-mile \Y'aIk 13.4 :!: 1.8 12.0 :!: l.st The only variable that differentiated between those
(6-20 scale) subjects who achieved a THR vs those who did not was

i: 'Datu .tre presented.\5 meun:!: SO. - the estimated maximal, ~ET capacity. In the current

ij; tSigtlificuntlv ,iifTerent tllun \vomen (p < 0.05). study, those men who tailed to reach a THR.tended to
,
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have an aerobic capacity> 10 METs, as previously the subjective discomfort of vigorous physical training
reported in healthy adults.l There is clearly a biome- may serve as a deterrent to long-term compliance witl1
chanica! ceiling as to how fast a given individual can exercise therapy,
walk, and since somatic oxygen consumption is related
to walking velocity,24 more highly fit individualS are REFERENCES
limited in their ability to increase exercise intensity , , .uffi . tl t ch b"aining. thr h Id 1 Porcan JP, McCarron R, Kline G, et al, Is fast walking an
S Clen Y o rea a es 0 . d b. traini. sti ul fi 30 t 69 lda equate aero IC ng m us or 0 year-o men

Although it did not reach statistical significance, and women? Phys Sports Med 1987; 1:119-129
there was a strong tendency for men in the phase 2 Spelman CC, Pate RR, Macera CA, et al, Self-selected
II program who failed to achieve a THR to walk at exercise intensity of habitual walkers. Med Sci Sports Exerc

I RPE al d . h th . 1993; 25:1174-1179a ower v ue as compare WIt elr coun- 3 S t E Marti' B G tzwi' ll F J ' aIkin. . u er , , u er. oggmg or w g: compar-
terparts who achIeved a THR. This trend was not ison of health effects. Ann Epidemioll994; 4:375-381
apparent in the previously trained phase III men. 4 Pate RR, Pratt M, Blair SN, et al, Physical activity and public
All of the subjects were given similar instructions, health: a recommendation from the Centers for Disease
th t . t alk th .1 b ' kl .bl It ' Control and Prevention and the American College of Sports

a ~s, 0 w e ml e as ns y as p.OSSl e. IS Medicine. JAMA 1995; 273:402-407
possIble that a small number of men ill the phase 5 Bendall MI., Bassey EJ, Pearson MB. Factors affecting walk-
II program who did not achieve a THR, especially ing speed of elderly people. Age Ageing 1989; 18:327-332
novice exercisers may have lacked the confidence 6 Gibbs J, Hughes S, Dunlop D, et al. Predictors of change in
t .' ti. all . h . al walking velocity in older adults. J Am Geriatr Sac 1996;
0 engage ill unconven on y VIgorous p YSIC 44:126-132

activity. 7 Bruce RA,Kusumi F, Hosmer D. Maximal oxygen intake and
There are several potential limitations of this nomographic assessment of functional aerobic impairment in

study. Our subjects were predominantly male (114 cardi~vascular disease, Am He~! 1973; 85::'46-:56~
f 142 tie t 80m ) t . t d th t . 8 Amencan College of Sports Medicme. ACSM s ~ldelines for

0 Pa n s, 70, Ye approXlma e e ra 10 ,. d .,
6 h ed I F kli BA. exercise testing, an prescnption. t . n: ran n ,

of men to women (4:1) who are typIcally referred Whaley MH, Howley ET, eds. Baltimore, MD: Lippincott
to exercise-based cardiac rehabilitation pro- Williams and Wilkins, 2000
grams.25 Because most subjects were already ex- 9 Ragg KE, Murray TP, Karbonit LM, et al. Errors in predict-

. . I b . (. h III ti. t ing functional capacity from a treadmill exercise stress test,
erclsillg on a re~ ar a51S ~e, ~ ase pa en s Am Heart J 1980; 100:581~83
[101 of 142 patients, 71%]), thIs should serve to 10 Borg G. Psychophysical bases of perceived exertion, Med Sci
incr~ase the generalizability of our findings. Exer- Sports Exerc 1982; 14:377-381,
cise capacity in METs was also estimated, not 11 Swain DP, Fran\din BA, VO2 reserve and the minimal
di tl d . h t h . intensity for improving cardiorespiratory fitness. Med Sci

rec y measure usmg gas e~c ange ec n~qu~s. Sports Exerc 2002; 34:152-157
The use of the Bruce treadmill protocol, WIth ItS 12 Swain DP, F'ranklin BA. Is there a threshold intensity for
incremental stages, may have resulted in an over- aerobic training in cardiac patients? Med Sci Sports Exerc
estimation of maximal METs.26 Nevertheless, the 2002; 34:1071-1075

I ti th h Id ' t .ty £ b. t .. ( . 13 Pollock ML, Gaesser GA, Butcher JD, et al. ACSM Position
re a ve res 0 m ensl or aero lC raImn g ze, St d th d d ti' ty d uality f . fi, ,an: e recommen e quan an q 0 exercISe or

70% HRmax) would remain unchanged,8 but Slm- developing and maintaining cardiorespiratory and muscular
ply reflect a lower absolute metabolic load or fitness, and flexibility in healthy adults, Med Sci Sports Exerc
oxygen uptake. 1998; 30:975-991

In th t ~- din t th t h 14 Franklin BA, Gordon S, Timmis GC. Amount of exercise
summ:1T\l, e Presen Wi gssugges a P Y- fi h " tl art d' A J- I necessary or t e patient WI .1 coronary ery lSease, m

sicians and allied health professionals can prescribe Cardio11992; 69:1426-1432
brisk walking on a flat surface to their cardiac patients 15 Londeree BR, Ames SA. Trend analysis of the % VO2
with confidence that this intensity will aChieve cardio- max - HR regression, Med Sci Sports Exerc 1976; 8:123-

respiratory and health benefits. Furthermore, tl1ese .16 B12l5 tl al JA R ki WJ W IshR'

ddl M t al C-' . ... umen.1' ,eJews , a-I e , e . om-
results serve to discount the lingerIng notion that parison of lugh- and low-intensity exercise training early after
cardiac patients need to participate in vigorous exercise acute myocardial infarction. Am J Cardio11988; 61:26-30
such as jogging or nmning in order to benefit from an 17 Hossack KF, Hartwig R, Cardiac arrest associated with

. ;~;~ Alth h . tudi supervised cardiac rehabilitation. J Cardiac Rehabil 1982;
exerCISe U.u.=lg program. oug some s es sug- 2:402-408
gest an even lower training threshold than the one used 18 Foster C, Porcari JP, The risks of exercise training. J Car-
in the present study (ie, < 70% HRmax), especially in diopulm Rehabil 2001: 21:347-352
extremely deconditioned subjects,Il.12 if individuals can 19 Pollock ML, Miller HS Jr. Janeway R. et al. Effects of walking
re~arlv attain a training intensity of at least 70% on body composition and cardiovascular function of middle-

~ ',. .. . , ,aged men. J Appl Physio11971; 30:126-130
HR.max . VIa bnsk ~g, it 15 likely tl1at ~ey will 20 Pollock ML. Prescribi~g e."(ercise for fitness and adl.1erence. In:

aChieve improved aerobIc fitness. These findings may Dishman RK, ed. Exercise adherence: it's impact on public
be especially relevant for the inactive patient in whom health, CI.lampaign, IL: Human Kinetic.~ B()()ks, 1988; Z,59-27i
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ii' 21 Dishman RK, Sallis JF, Orenstein DR, The determinants of 24 Bubb WJ, Martin AD, Howley ET. Predicting oxygen uptake i~
I::' physical activity and exercise. Public Health Rep 1985; during level walking at speeds of 80-130 m/min. J Cardio- "
!i 100:158-171 puIm Rehabil1985; 5:462-465 '

'if 22 Blair SN, Kohl HW III, paffenbarger RS Jr, et al. Physical 25 Froelicher VF, Herbert W, Myers J, et al. How cardiac
l' . fitness and all-cause mortality: a prospective study of healthy rehabilitation is being influenced by changes in health-care

"' men and women. JAMA 1989; 262:2.395-2401 delivery. J CardiopuIm Rehabill996; 16;151-159
: 23 Vanhees L, Fagard R, Thijs L, et al. Prognostic significance of 26 Myers J, Buchanan N, Walsh D, et al. Comparison of the

peak exercise capacity in patients with coronary artery dis- ramp vs standard exercise protocols. J Am Coil Cardiol1991;
: ease. J Am Coil Cardiol1994; 2.3:358-363 17:1334-1342
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