
 ACSM Exercise Intensity Guidelines  
 

1

Journal of Exercise Physiologyonline 

(JEPonline) 
 

Volume 11 Number 4 August 2008 
 

 

Managing Editor 
 Tommy Boone, Ph.D.  
Editor-in-Chief 
 Jon K. Linderman, Ph.D. 
Review Board 
 Todd Astorino, Ph.D.  
 Julien Baker, Ph.D. 
 Tommy Boone, Ph.D.  
 Lance Dalleck, Ph.D. 
 Dan Drury, DPE. 
 Hermann Engals, Ph.D. 
 Eric Goulet, Ph.D.  
 Robert Gotshall, Ph.D. 

M. Knight-Maloney,Ph.D.                         
 Len Kravitz, Ph.D.  
 James Laskin, Ph.D. 
 Derek Marks, Ph.D. 
 Cristine Mermier, Ph.D.  
 Daryl Parker, Ph.D. 
 Robert Robergs, Ph.D.  
 Brent Ruby, Ph.D.  
 Jason Siegler, Ph.D.  
 Greg Tardie, Ph.D.  
 Chantal Vella, Ph.D.  
 Lesley White, Ph.D. 
 Ben Zhou, Ph.D.  
 
  
Official Research Journal 

of The American Society of 
Exercise Physiologists 

(ASEP) 
 

ISSN 1097-9751 
 

 
 
 
 
 
 

 
Commentary 

 
THE ACSM EXERCISE INTENSITY GUIDELINES FOR 
CARDIORESPIRATORY FITNESS: WHY THE MISUSE?  
 
LANCE DALLECK1, ANGELA DALLECK1 
 
1Exercise Physiology Laboratory/Department of Kinesiology/University of 
Wisconsin – Eau Claire, Eau Claire, USA 
 

ABSTRACT 
 
Dalleck LC, Dalleck AM. The ACSM Exercise Intensity Guidelines for 
Cardiorespiratory Fitness: Why The Misuse? JEPonline 2008;11(4):1-
11.  The purpose of this study was to quantify the misapplication and 
misinterpretation of the current American College of Sports Medicine 
(ACSM) exercise intensity guidelines for cardiorespiratory fitness.  A 
literature review (January 2000 to January 2007) was completed 
identifying studies conducted on the effects of aerobic exercise training 
on cardiorespiratory fitness in healthy adults.  Studies (N=15) were 
identified in which exercise intensity was prescribed by a percentage of 
maximal oxygen uptake (%VO2max) rather than a percentage of oxygen 
uptake reserve (%VO2R) (a misapplication).  Eight instances of 
misinterpretation were identified; referencing the current ACSM 
guidelines, but citing intensity in terms of %VO2max. Recent research 
demonstrating that percentage of heart rate reserve (%HRR) is more 
closely aligned to %VO2R, not %VO2max, prompted a change in the 
ACSM exercise intensity guidelines in 1998.  Despite the ACSM’s 
recommendation of the use of %VO2R, present findings suggests the 
frequent use of %VO2max (misapplication) in the methodology of 
aerobic training studies.  The ACSM exercise prescription 
recommendations are the most recognizable guidelines for exercise 
professionals, and it is the responsibility of authors and reviewers to 
ensure correct interpretation and reporting in future publications.  
Continued use of exercise intensity prescribed by %VO2max 
perpetuates an out-of-date recommendation and results in unequal 
training stimuli for individuals with dissimilar fitness levels.  We 
recommend exercise professionals integrate the current intensity 
guidelines into both research and practice. 
 
Key Words: Aerobic Fitness, Exercise Training, Maximal Oxygen 
Uptake, %VO2max. 
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INTRODUCTION 
 
Cardiorespiratory fitness, typically determined by maximal oxygen uptake (VO2max), is a fundamental 
measurement for the exercise physiologist.  VO2max refers to the highest rate at which oxygen can 
be taken up and consumed by the body during intense exercise (1).  Traditionally, the magnitude of 
an individual’s cardiorespiratory fitness has been viewed as both a characteristic of endurance 
athletes and a symbol of overall health.  Elevated VO2max has long been considered an essential 
attribute required for success in endurance-related events.  A landmark study conducted at Ball State 
University in the 1960’s confirmed the importance of cardiorespiratory fitness to endurance 
performance, with findings demonstrating a strong correlation between VO2max values and 10-mile 
run times (2).  Additionally, studies have consistently demonstrated an inverse relationship between 
VO2max values and risk of cardiovascular disease and all-cause mortality (3-4).  In fact, Franklin has 
recently suggested that cardiorespiratory fitness should be employed as the ultimate marker for risk 
stratification and health outcomes (5).   

 
Given its relationship to enhanced athletic performance and positive health, the parameters of an 
exercise program required to improve cardiorespiratory fitness have been studied extensively, and 
subsequently well-defined guidelines have been published (6).  The American College of Sports 
Medicine (ACSM) currently recommends 20-60 minutes of aerobic exercise 3-5 days/week at an 
intensity of 64/70-94% of heart rate maximum, and 40/50-85% of heart rate reserve (HRR) or oxygen 
uptake reserve (VO2R).  Exercise intensity is arguably the most critical component of the exercise 
prescription model.  Failure to meet minimal threshold values may result in lack of a training effect, 
while too high of intensity could lead to over-training and negatively impact adherence to an exercise 
program (5).   

 
In a classic study 50 years ago on exercise prescription guidelines, Karvonen and colleagues (7) 
introduced the concept of HRR (the difference between maximal and rest heart rate) and noted a 
threshold intensity existed for the improvement of cardiorespiratory fitness.  Historically, exercise 
intensity prescription by oxygen uptake (VO2) has been based on a straight percentage of VO2max 
(8).  The relationship between %HRR and %VO2max has been inconsistently reported in the 
literature.  In the 1978 Position Stand Recommended Quantity and Quality of Exercise for Developing 
and Maintaining Cardiorespiratory Fitness in Healthy Adults, the ACSM recommends a minimum 
training threshold of 60% HRR or 50% VO2max (9).  The citation for this recommendation is the work 
by Karvonen et al. (7), although VO2 was not actually measured in that study.  The revised 1990 
Position Stand Recommended Quantity and Quality of Exercise for Developing and Maintaining 
Cardiorespiratory and Muscular Fitness in Healthy Adults again cites Karvonen et al. (7), however in 
this report %VO2max is considered equivalent to %HRR, and recommended an intensity threshold for 
improving cardiorespiratory fitness of 50 %HRR or %VO2max (10).  In contrast to the 1990 Position 
Stand, findings reported in several papers from the 1980’s and 1990’s suggest a discrepancy 
between %HRR and %VO2max (11-13).  These inconsistencies prompted Swain and colleagues (14-
15) to address the issue in the mid-1990’s at the Wellness Institute and Research Center at Old 
Dominion University.       

 
Swain and Leutholtz (14) noted that at rest an individual would be at 0% of HRR, but at a finite value 
above 0% VO2max depending on the fitness level of the individual.  It was hypothesized that %HRR 
would be more equivalent to %VO2R (difference between maximal oxygen uptake and resting oxygen 
uptake) compared to %VO2max, due to the fact that at rest an individual would be at both 0% HRR 
and 0% VO2R.  Swain and Leutholtz (14) were able to confirm this hypothesis with data illustrating 
that %HRR is equivalent to %VO2R, and not %VO2max, during cycling exercise in healthy, young 
males and females.  Likewise, these findings were corroborated by Swain et al. (15) during treadmill 
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exercise in a young, healthy population, although the regression between %HRR and %VO2R differed 
statistically from the line of identity.  Accordingly, in the ACSM 1998 position stand on the 
Recommended Quantity and Quality of Exercise for Developing and Maintaining Cardiorespiratory 
and Muscular Fitness, and Flexibility in Healthy Adults (16) and subsequent editions of the ACSM’s 
Guidelines for Exercise Testing and Prescription (6,8), exercise intensity prescription by VO2 has 
since been expressed as a percentage of VO2R.  Since the pioneering work by Swain et al. (14-15), 
more recent research in both young, healthy populations (17-18) and older, diseased populations (19-
20) has consistently demonstrated that %HRR is more clearly aligned with %VO2R, rather than 
%VO2max.       
 
In a recent edition of Medicine and Science in Sports and Exercise, Pintar et al. (21) reported that the 
components of a walking program should be consistent with the American College of Sports Medicine 
(ACSM) guidelines for exercise prescription.  These authors went on to state that according to the 
ACSM’s Guidelines for Exercise Testing and Prescription (8), the exercise intensity should range 
between 50 and 85% of maximal oxygen uptake (VO2max).  In fact, this statement is a 
misinterpretation of the current above-mentioned ACSM exercise guidelines.  The 6th edition of 
ACSM’s Guidelines for Exercise Testing and Prescription (8), along with the most recent edition (6), 
both state that the exercise intensity should be between 40 and 85% of oxygen uptake reserve 
(VO2R), not %VO2max.  Upon reading the misinterpretation of the ACSM exercise intensity guidelines 
by Pintar et al. (21), the present authors entertained the question of whether the error was an isolated 
incident, or conversely, whether there was a more widespread misunderstanding of the current 
guidelines.  A brief review of the literature indeed revealed several additional instances of the ACSM 
guidelines being misinterpreted (22-24).  Additionally, aerobic training studies since publication of the 
ACSM position stand have continued to prescribe exercise intensity according to %VO2max, not 
%VO2R (22,25).  Despite the shift in the ACSM guidelines from prescribing exercise in terms of 
%VO2max to %VO2R nearly 10 years ago, there appears to be inconsistency in the literature 
regarding accurate interpretation and application of the current guidelines.  Because the ACSM 
exercise prescription recommendations are the most recognizable guidelines for exercise 
professionals, there clearly is a need to better understand the magnitude of this concern.  The 
purpose of this study was to quantify the misapplication and misinterpretation of the current ACSM 
exercise intensity guidelines, based on exercise prescription in terms of %VO2max rather than %HRR 
or %VO2R.  A secondary purpose was to quantify the exercise intensity prescription method applied 
to all training studies published in Medicine and Science in Sports and Exercise from January 2001 to 
January 2007; and to categorize the findings into methods recommended by ACSM (%HRmax, 
%HRR, %VO2R, RPE) and that not recommended by ACSM (%VO2max).      
 
METHODS  
 
A comprehensive literature review using MEDLINE was performed to identify research studies 
conducted on the effects of exercise training on cardiorespiratory fitness (VO2max) in healthy adults 
from January 2000 to January 2007.  Because the exercise intensity guidelines shifted from 
%VO2max to %VO2R in 1998 (16), we postulated that studies published from 1998-1999 might have 
been designed prior to the Position Stand.  Only those studies at least 10 weeks in length, in which 
cardiorespiratory fitness was one of the main health outcomes, were included in the analysis.  Others 
(14-15,18) have demonstrated that the disparity between %HRR and %VO2max is non-significant at 
intensities greater than 75%, therefore only those studies in which the exercise training intensity was 
below (or partially below) 75% HRR or VO2max in at least one training group were included.  The 
following search terms were used:  exercise, training, cardiovascular endurance, aerobic fitness, 
cardiorespiratory fitness, maximum oxygen consumption, %VO2max, %VO2R, oxygen uptake 
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reserve, heart rate reserve. Lastly, the references from research articles obtained were cross-
referenced for additional studies. 
 
The aim of the literature review was three-fold:  1) to identify studies that misinterpreted the current 
ACSM exercise intensity guidelines; 2) to identify examples of the ACSM exercise intensity guidelines 
being misapplied; and 3) to identify the exercise intensity prescription method applied to all training 
studies published in Medicine and Science in Sports and Exercise from January 2000 to January 
2007.  We defined misinterpretation as papers that referenced the current ACSM exercise intensity 
guidelines (6,8,16), but incorrectly cited intensity in terms of %VO2max, not the correct %VO2R.  An 
additional step to identify sources of misinterpretation was to review popular Exercise Physiology- 
and Kinesiology-related textbooks used for undergraduate instruction at our own institution.  
Misapplication was defined as prescribing exercise intensity as part of the intervention in terms of 
%VO2max.  We also perused the literature for studies that established exercise intensity in correct 
terms that are in agreement with the current ACSM exercise intensity guidelines (%HRR or %VO2R).  
The final step of our literature review was to hand-search all Medicine and Science in Sports and 
Exercise volumes and issues from January 2000 to January 2007 for all exercise training studies.  
We divided the obtained list into two groups based on the method of establishing training intensity:  
recommended by ACSM (%HRmax, %HRR, %VO2R, RPE) and not recommended by ACSM 
(%VO2max).   
 
RESULTS 
 
Table 1. Sources (N = 8) misinterpreting the ACSM exercise intensity guidelines. 

Authors Year Publication 
Branch et al. (23) 2000 Journal of Women’s Health & Gender-Based Medicine 

Asikainen et al. (22) 2002 British Journal of Sports Medicine 

Teh & Aziz (26) 2002 Medicine & Science in Sports & Exercise 

Asikainen et al. (27) 2003 Scandinavian Journal of Medicine & Science in Sports 

Mackinnon et al. (28) 2003 Exercise Management Textbook  

Morss et al. (24) 2004 Medicine & Science in Sports & Exercise 

Pintar et al. (21) 2006 Medicine & Science in Sports & Exercise 

McArdle, Katch, & Katch (29) 2007 Exercise Physiology Textbook (6th ed) 

 
Table 1 lists studies (N = 6) and textbooks (N = 2) misinterpreting the current ACSM exercise 
intensity guidelines.  In these sources, the authors cite the current guidelines by referencing either the 
1998 Position Stand (16) or 6th edition (8) of ACSM’s Guidelines for Exercise Testing and 
Prescription, yet incorrectly refer to the current guidelines in terms of %VO2max.  Table 2 lists 
exercise training studies (N = 20) in which there is both a correct application, as well as 
misapplication, of the current ACSM exercise intensity guidelines.  An examination of Table 2 reveals 
that only 5 out of 20 studies (25%) used %HRR or %VO2R to establish exercise intensity.  The 
remaining studies (75%) established exercise intensity in terms of %VO2max rather than the ACSM 
recommended %HRR or %VO2R.   
 
Figure 1 summarizes the method of exercise intensity used for all training studies (N = 33) published 
between January 2001 and January 2007 in Medicine and Science in Sports and Exercise.  Those 
studies incorporating an exercise intensity method recommended by the ACSM included:  HRmax (N 
= 7), (47-53) and %HRR (N = 7), (37,54-59).  Those studies not incorporating an exercise intensity 
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method recommended by the ACSM included: %VO2max (N = 19), (24,32,36,41,60-71).  No studies 
were identified that prescribed exercise intensity in terms of %VO2R.   
 
Table 2. Summary of sources correctly applying (N = 5) and misapplying (N = 15) the ACSM 
exercise intensity guidelines. 

 
Study 

 
Year 

 
Age 

 
Length 

 
Gender 

 
Mode 

Intensity 
Method 

Exercise 
Intensity 

Asikainen et al. (22) 2002 48-63 24 wk  F Walk %VO2max 45% 
 2002 48-63 24 wk  F Walk %VO2max 55% 
Asikainen et al. (30) 2002 48-63 15 wk  F Walk %VO2max 65% 
Kraus et al.  (31) 2002 40-65 8 mo M/F Walk, Cycle, 

Elliptical 
%VO2max 40-55% 

 2002 40-65 8 mo M/F Walk, Cycle, 
Elliptical 

%VO2max 65-80% 

Morris et al. (32) 2002 63.0±1.0 10 wk  M Cycle %VO2max 70-75% 
Okazaki et al. (33) 2002 58-72 18 wk  M Cycle %VO2max 50-80% 
Asikainen et al. (27) 2003 48-63 15-24 wk  F Walk %VO2max 45-65% 
Okura et al. (34) 2003 34-66 14 wk  F Walk %VO2max 40-50% 
 2003 34-66 14 wk  F Aerobic Dance %VO2max 70-85% 
Park et al. (35) 2003 62.6±2.2 36 wk  F Walk, Running, 

Cycle 
%HRR 50-60% 

Gass et al. (36) 2004 65-75 12 wk  M Cycle %VO2max 50% 
 2004 65-75 12 wk  M Cycle %VO2max 70% 
Glowacki et al. (37) 2004 18-40 12 wk  M         Running %HRR 65-80% 
Shields et al. (38) 2004 24.0±6.5 12 wk  M Cycle, Walk %VO2R 50% 
Duncan et al. (39) 2005 30-69 24 mo M/F Walk %HRR 45-55% 
 2005 30-69 24 mo M/F Walk %HRR 65-75% 
Duscha et al. (25) 2005 40-65 7-9 mo M/F Walk, Cycle, 

Elliptical 
%VO2max 40-55% 

 2005 40-65 7-9 mo M/F Walk, Cycle, 
Elliptical 

%VO2max 65-80% 

O’Donovan et al. (40) 2005 30-45 24 wk  M Cycle %VO2max 60% 
 2005 30-45 24 wk  M Cycle %VO2max 80% 
Coker et al. (41) 2006 65-90 12 wk  M/F Cycle %VO2max 50% 
 2006 65-90 12 wk  M/F Cycle %VO2max 75% 
DiPietro et al. (42) 2006 73.0±10 9 mo F Walk %VO2max 50% 
 2006 73.0±10 9 mo F Walk %VO2max 65% 
 2006 73.0±10 9 mo F Walk %VO2max 80% 
Ring-Dimitriou et al.(43) 2006 40-60 24 mo M/F Cycle %VO2max 50-65% 
Sarsan et al. (44) 2006 20-60 12 wk  F Walk, Cycle %HRR 50-85% 
Church et al. (45) 2007 45-75 6 mo F Walk, Cycle %VO2max 50% 
Stephens et al. (46) 2007 30-45 10 wk  F Walk, Cycle, Air 

Dyne 
%VO2max 70% 

 
DISCUSSION 
 
The main finding of the present study is that based on the review of many research studies, there is 
considerable misapplication and misinterpretation of the current ACSM exercise intensity guidelines 
in the literature.  Despite the ACSM’s shift in recommending the use of %VO2R in place of %VO2max, 
there continues to be erroneous representation of the guidelines in the literature (Table 1), as well as 
the frequent use of %VO2max in the methodology of aerobic training studies (Table 2).  Furthermore, 
the majority of exercise intervention studies published in the ACSM’s journal (Medicine and Science 
in Sports and Exercise) have continued to use an outdated method for prescribing exercise intensity, 
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rather than one of the current methods recommended by the most recent published guidelines 
(Figure 1).    
 
Swain introduced the 
VO2R concept 10 yrs 
ago and postulated 
that %HRR would be 
more closely aligned 
with the new term 
compared to 
%VO2max (14).  
Subsequent research 
by Swain et al. (14-
15) and others (17-
20) has substantiated 
this idea and, 
consequently, the 
ACSM changed its 
exercise intensity 
recommendation to 
reflect the closer 
relationship between 
%HRR and %VO2R.  
According to Swain et 
al. (15) one of the 
major advantages of 
prescribing exercise 
intensity based on %VO2R, rather than %VO2max, is that it provides an equivalent relative intensity 
for individuals of different fitness levels.  Consider the following example of two individuals with 
VO2max values of 25 and 50 mL⋅kg-1⋅min-1, respectively.  At rest, the 25 mL⋅kg-1⋅min-1 individual is at 
14% VO2max, while the 50 mL⋅kg-1⋅min-1 individual is at 7% VO2max.  If the intensity of the exercise 
prescription is set at 50% VO2max, the 25 mL⋅kg-1⋅min-1 individual increases by 36%, compared to the 
50 mL⋅kg-1⋅min-1 individual who increases by 43%, in terms of %VO2max.  The discrepancy in relative 
adjustments in training intensity in the above example may result in disparate training effects between 
the two individuals.  Conversely, if the %VO2R method were used, the individuals would both 
increase by identical adjustments in relative intensity (15).  The continued use of %VO2max in some 
training studies raises the question of whether or not exercise intensities are truly being controlled 
among subjects in these investigations (Table 2).   
 
In 2002, Swain and Franklin (75) reviewed exercise training studies in an effort to identify the minimal 
threshold intensity required to improve cardiorespiratory fitness in terms of %VO2R.  It was concluded 
that individuals with initial VO2max values less than 40 mL⋅kg-1⋅min-1 may experience a training effect 
at intensity levels as low as 30% VO2R, while those individuals with baseline VO2max values greater 
than 40 mL⋅kg-1⋅min-1 may need to exceed a training threshold greater than 45% VO2R.  Given the 
importance of cardiorespiratory fitness to overall health, these findings provided the exercise 
professional with important information regarding the minimal training intensity requirements for the 
exercise program of their clientele.  However, the authors (75) cautioned that a limitation to the 
analysis was the translation of %VO2max to %VO2R exercise intensity using group mean values.  
They went on to say that their findings should be considered preliminary until confirmed or refuted by 

Figure 1. Exercise training studies published in Medicine and Science 
in Sports and Exercise between January 2001 to January 2007 and the 
various exercise intensity methods applied. 
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future studies establishing exercise intensity in %VO2R terms.  According to our findings, this very 
important recommendation has failed to be examined further by researchers.  We feel this is 
unfortunate given the importance of understanding the dose response relationship between exercise 
intensity and cardiorespiratory fitness, along with the minimal training threshold necessary for yielding 
positive changes to this critical health outcome.   
 
The continued use of an outdated exercise recommendation (%VO2max) highlights a problem 
brought to the attention of our field nearly 30 years ago.  In the 1978 Position Stand Recommended 
Quantity and Quality of Exercise for Developing and Maintaining Fitness in Healthy Adults (9), it was 
noted that although much research has been done pertaining to exercise training and the human 
organism, a lack of standardization in training methodology made interpretation difficult.  Similar 
comments were also published in both the 1990 and 1998 Position Stands (10-11).  If it is indeed true 
that establishing exercise intensity in %VO2max terms places individuals with different fitness levels 
at different training stimuli as claimed by Swain et al. (15), then many important research questions 
continue to remain fully understood.  For example, research aimed at identifying the minimal dose 
(kcal-1⋅wk-1) of exercise required to elicit positive changes to cardiorespiratory fitness must control 
exercise intensity (22).  If exercise intensity is prescribed in terms of %VO2max to a population with 
heterogeneous initial VO2max values, individuals make dissimilar adjustments from rest to exercise 
VO2, and consequently exercise intensity has become a confounding variable and a considerable 
limitation to the study.  Likewise, research intended to elucidate the genetic contribution to the 
trainability of cardiorespiratory fitness would control exercise intensity (70).  Once again, exercise 
prescription by %VO2max will result in dissimilar training intensities for individuals with un-equivalent 
baseline VO2max values, potentially resulting in different training effects. 
 
We identified two undergraduate textbooks in which the exercise intensity guidelines were 
misinterpreted by the authors (28-29).  This finding is particularly disconcerting given the fact that 
these textbooks serve as important resources for future professionals in our field.  If the current 
exercise intensity guidelines are not being properly presented in the academic setting, then it 
becomes increasingly likely that their misinterpretation and misapplication will continue to be 
perpetuated in the future.  Furthermore, the general public looks to exercise professionals for 
guidance in their individual pursuits of health and fitness.  Inconsistency in both the literature and 
among exercise professionals concerning the appropriate exercise intensity guidelines may lead to 
confusion for clientele, which may negatively impact adherence and effectiveness of an exercise 
program.  Ultimately, the misinterpretation of the current exercise intensity guidelines reflects poorly 
on our profession.   
 
CONCLUSIONS 
 
Based on the present findings, we conclude that there is considerable misinterpretation and 
misapplication of the current ACSM exercise intensity guidelines.  Despite the ACSM’s shift in 
recommending the use of %VO2R in place of %VO2max, there continues to be erroneous 
interpretation of the guidelines in the literature (Table 1), as well as the frequent use of %VO2max in 
the methodology of aerobic training studies (Table 2).  Because the ACSM exercise prescription 
recommendations are the most recognizable guidelines for exercise professionals, it would seem 
responsible for both authors and reviewers to take care that they are correctly interpreted and 
reported in future publications.  What is the genetic contribution of cardiorespiratory fitness?  What is 
the minimal threshold intensity for improving cardiorespiratory fitness?  What is the dose response 
relationship between exercise amount and cardiorespiratory fitness?  These very important questions, 
and others, will remain to be completely understood until exercise intensity is standardized in the 
methodologies across studies.  In agreement with the ACSM guidelines and others (6,8,14-16,75), we 
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recommend that future studies prescribe exercise intensity using %HRR or %VO2R, rather than 
%VO2max, to ensure all subjects are exercising at similar relative intensity levels.  Additionally, we 
recommend that exercise professionals familiarize themselves with the current exercise intensity 
guidelines for cardiorespiratory fitness.   
 
Address for correspondence: Dalleck LC, PhD., Department of Kinesiology, University of 
Wisconsin – Eau Claire, 105 Garfield Ave, PO Box 4004, Eau Claire, WI, USA, 54702. Phone (715) 
836-3774; FAX: (715) 836-4074; Email. dalleclc@uwec.edu. 
 
REFERENCES 
 
1. Bassett DR JR and Howley ET: Limiting factors for maximum oxygen uptake and determinants of 
endurance performance. Med Sci Sports Exerc 2000;32:70-84. 
2. Costill, DL: Metabolic responses during distance running. J Appl Physiol 1970;28:251-255. 
3. Blair SN, Kohl III HW, Paffenbarger RS, Clark DG, Cooper KH and Gibbons LW: Physical fitness 
and all-cause mortality: a prospective study of healthy men and women. JAMA 1989;262:2395-2401.   
4. Blair SN, Kampert JB, Kohl III HW, et al: Influences of cardiorespiratory fitness and other 
precursors on cardiovascular disease and all-cause mortality in men and women. JAMA 
1996;276:205-210. 
5. Franklin BA: Fitness: the ultimate marker for risk stratification and health outcomes? Prev Cardiol 
2007;10:42-46. 
6. American College of Sports Medicine. ACSM's Guidelines for Exercise Testing and 
Prescription. 7th Edition. Baltimore: Lippincott Williams & Wilkins, 2006. 
7. Karvonen MJ, Kentala E and Mustala O: The effects of training on heart rate: a longitudinal study. 
Ann Med Exp Biol Fenn 1957;35:307-315.   
8. American College of Sports Medicine. ACSM's Guidelines for Exercise Testing and 
Prescription. 6th Edition. Philadelphia: Lippincott Williams & Wilkins, 2000. 
9. American College of Sports Medicine. Position Stand. The recommended quantity and quality of 
exercise for developing and maintaining fitness in healthy adults. Med Sci Sports Exerc 1978;10:vii-
x. 
10.   American College of Sports Medicine. Position Stand. The recommended quantity and quality of 
exercise for developing and maintaining cardiorespiratory and muscular fitness in healthy adults. Med 
Sci Sports Exerc 1990;22:265-274. 
11.   Badenhop DT, Cleary PA, Schaal SF, Fox EL and Bartels RL: Physiological adjustments to 
higher- or lower- intensity exercise in elders. Med Sci Sports Exerc 1983;15:496-502.    
12.   Belman MJ and Gaesser GA: Exercise training below and above the lactate threshold in the 
elderly. Med Sci Sports Exerc 1991;23:562-568. 
13.   Panton LB, Graves JE, Pollock ML, et al: Relative heart rate, heart rate reserve, and VO2 during 
submaximal exercise in the elderly. J Gerontol A Biol Sci Med Sci 1996;51:165-171. 
14.   Swain DP and Leutholtz BC: Heart rate reserve is equivalent to %VO2Reserve, not to %VO2max. 
Med Sci Sports Exerc 1997;29:410-414. 
15.   Swain DP, Leutholtz BC, King ME, Haas LA and Branch JD: Relationship between % heart rate 
reserve and %VO2reserve in treadmill exercise. Med Sci Sports Exerc 1998;30:318-321. 
16.   American College of Sports Medicine. Position Stand. The recommended quantity and quality of 
exercise for developing and maintaining cardiorespiratory and muscular fitness, and flexibility in 
healthy adults. Med Sci Sports Exerc 1998;30:975-991. 
17.   Dalleck LC and Kravitz L: Relationship between %Heart Rate Reserve and %VO2 Reserve 
during Elliptical Crosstrainer Exercise. J Sports Sci Med 2006;5:662-671. 
18.   Lounana J, Campion F, Noakes TD and Medelli J: Relationship between %HRmax, %HR 
reserve, %VO2max, and %VO2 reserve in elite cyclists. Med Sci Sports Exerc 2007;39:350-357.   



 ACSM Exercise Intensity Guidelines  
 

9

19.   Brawner CA, Keteyian SJ and Ehrman, JK: The relationship of heart rate reserve to VO2reserve 
in patients with heart disease. Med Sci Sports Exerc 2002;34:418-422. 
20.   Byrne NM and Hills AP: Relationships between HR and VO2 in the obese. Med Sci Sports 
Exerc 2002;34:1419-1427. 
21.   Pintar JA, Robertson RJ, Kriska AM, Nagle E and Goss FL: The influence of fitness and body 
weight on preferred exercise intensity. Med Sci Sports Exerc 2006;38:981-988. 
22.   Asikainen T-M, Miilunpalo S, Oja P, et al: Randomised, controlled walking trials in 
postmenopausal women: the minimum dose to improve aerobic fitness? Br J Sports Med 
2002;36:189-194.     
23.   Branch JD, Pate RR and Bourque SP: Moderate intensity exercise training improves 
cardiorespiratory fitness in women. J Womens Health Gend Based Med 2000;9:65-73. 
24.   Morss GM, Jordan AN, Skinner JS, et al: Dose-response to exercise in women aged 45-75 yr 
(DREW): Design and Rationale. Med Sci Sports Exerc 2004;36:336-344. 
25.   Duscha BD, Slentz CA, Johnson JL, et al: Effects of exercise training amount and intensity on 
peak oxygen consumption in middle-age men and women at risk for cardiovascular disease. Chest 
2005;128:2788-2793. 
26.   Teh KC and Aziz AR: Heart rate, oxygen uptake, and energy cost of ascending and descending 
the stairs. Med Sci Sports Exerc 2002;34:695-699. 
27.   Asikainen T-M, Miilunpalo S, Kukkonen-Harjula K, et al: Walking trials in postmenopausal 
women: effect of low doses of exercise and exercise fractionalization on coronary risk factors. Scan J 
Med Sci Sports 2003;13:284-292.     
28.   Mackinnon LT, Ritchie CB, Hooper SL and Abernethy PJ. Exercise Management: Concepts 
and Professional Practice. Champaign: Human Kinetics, 2003. 
29.   Mcardle WD, Katch FI and Katch VL. Exercise Physiology: Energy, Nutrition, & Human 
Performance. 6th Edition. Baltimore: Lippincott Williams & Wilkins, 2007. 
30.   Asikainen T-M, Miilunpalo S, Oja P, Rinne M, Pasanen M and Vuori I: Walking trials in 
postmenopausal women: effect of one vs two daily bouts on aerobic fitness. Scan J Med Sci Sports 
2002;12:99-105.     
31.  Kraus WE, Torgan CE, Duscha BD, et al: Studies of a targeted risk reduction intervention through 
defined exercise (STRRIDE). Med Sci Sports Exerc 2001;33:1774-1784. 
32.   Morris N, Gass G, Thompson M, Bennett G, Basic D and Morton H: Rate and amplitude of 
adaptation to intermittent and continuous exercise in older men. Med Sci Sports Exerc 2002;34:471-
477. 
33.   Okazaki K, Kamijo Y, Takeno Y, Okumoto T, Masuki S and Nose H: Effects of exercise training 
on thermoregulatory responses and blood volume in older men. J Appl Physiol 2002;93:1630-1637. 
34.   Okura T, Nakata Y and Tanaka K: Effects of exercise intensity on physical fitness and risk 
factors for coronary heart disease. Obes Res 2003;11:1131-1139. 
35.   Park SK, Park JH, Kwon YC, Yoon MS and Kim CS: The effect of long-term aerobic exercise on 
maximal oxygen consumption, left ventricular function and serum lipids in elderly women. J Phyiol 
Anthropol Appl Human Sci 2003;22:11-17. 
36.   Gass G, Gass E, Wicks J, Browning J, Bennett G and Morris N: Rate and amplitude of 
adaptation to two intensities of exercise in men aged 65-75 yr. Med Sci Sports Exerc 2004;36:1811-
1818.    
37.   Glowacki SP, Martin SE, Maurer A, Baek W, Green JS and Crouse SF: Effects of resistance, 
endurance, and concurrent exercise on training outcomes in men. Med Sci Sports Exerc 
2004;36:2119-2127. 
38.   Shields CL, Giesbrecht GG, Pierce GN and Ready AE: The effects of a moderate physical 
activity program on thermoregulatory responses in a warm environment in men. Can J Appl Physiol 
2004;29:379-394. 



 ACSM Exercise Intensity Guidelines  
 

10

39.  Duncan GE, Anton SD, Sydeman SJ, et al: Prescribing exercise at varied levels of intensity and 
frequency. Arch Intern Med 2005;165:2362-2369. 
40.  O’Donovan G, Owen A, Bird SR, et al: Changes in cardiorespiratory fitness and coronary heart 
disease risk factors following 24 wk of moderate- or high-intensity exercise of equal energy cost. J 
Appl Physiol 2005;98:1619-1625. 
41.  Coker RH, Hays NP, Williams RH, et al: Exercise-induced changes in insulin action and glycogen 
metabolism in elderly adults. Med Sci Sports Exerc 2006;38:433-438.   
42.  Dipietro L, Dziura J, Yeckel CW and Neufer PD: Exercise and improved insulin sensitivity in older 
women: evidence of the enduring benefits of higher intensity training. J Appl Physiol 2006;100:142-
149.   
43.  Ring-Dimitriou S, Paulweber B, Von Duvillard SP, et al: The effect of physical activity and 
physical fitness on plasma adiponectin in adults with predisposition to metabolic syndrome. Eur J 
Appl Physiol 2006;98:472-481.  
44.  Sarsan A, Ardic F, Ozgen M, Topuz O and Sermez Y: The effects of aerobic and resistance 
exercises in obese women. Clin Rehabil 2006;20:773-782. 
45.  Church TS, Earnest CP, Skinner JS and Blair SN: Effects of different doses of physical activity on 
cardiorespiratory fitness among sedentary, overweight or obese postmenopausal women with 
elevated blood pressure: a randomized controlled trial. JAMA 2007;297:2081-2091. 
46.  Stephens Q, Kirby T, Buckworth J, Devor S and Hamlin R: Aerobic exercise improves 
cardiorespiratory fitness but does not reduce blood pressure in prehypertensive African American 
women. Ethn Dis 2007;17:55-58.   
47.  Chubak J, Ulrich CM, Tworoger SS, et al: Effect of exercise on bone mineral density and lean 
mass in postmenopausal women. Med Sci Sports Exerc 2006;38:1236-1244. 
48.  Cooke WH, Reynolds BV, Yandl MG, Carter JR, Tahvanainen KUO and Kuusela TA: Effects of 
exercise training on cardiovagal and sympathetic responses to Valsalva's maneuver. Med Sci Sports 
Exerc 2002;34:928-935. 
49.  Costes F, Prieur F, Feasson L, Geyssant A, Barthelemy J-C and Denis C: Influence of training on 
NIRS muscle oxygen saturation during submaximal exercise. Med Sci Sports Exerc 2001;33:1484-
1489. 
50.  Maiorana A, O'Driscoll G, Dembo L, Goodman C, Taylor R and Green D: Exercise training, 
vascular function, and functional capacity in middle-aged subjects. Med Sci Sports Exerc 
2001;33:2022-2028. 
51.  Murphy M, Nevill A, Neville C, Biddle S and Hardman A: Accumulating brisk walking for fitness, 
cardiovascular risk, and psychological health. Med Sci Sports Exerc 2002;34:1468-1474. 
52.  Prieur F, Benoit H, Busso T, Castells J and Denis C: Effect of endurance training on the VO2-
work rate relationship in normoxia and hypoxia. Med Sci Sports Exerc 2005;37:664-669. 
53.  Radom-Aizik S, Hayek S, Shahar I, Rechavi G, Kaminski N and Ben-Dov I: Effects of aerobic 
training on gene expression in skeletal muscle of elderly men. Med Sci Sports Exerc 2005;37:1680-
1696. 
54.  Beneke R and Hutler M: The effect of training on running economy and performance in 
recreational athletes. Med Sci Sports Exerc 2005;37:1794-1799. 
55.  Burnham TR and Wilcox A: Effects of exercise on physiological and psychological variables in 
cancer survivors. Med Sci Sports Exerc 2002;34:1863-1867. 
56.  Lee CM, Wood RH and Welsch MA: Influence of short-term endurance exercise training on heart 
rate variability.  Med Sci Sports Exerc 2003;35:961-969. 
57.  Mccarthy JP, Pozniak MA and Agre JC: Neuromuscular adaptations to concurrent strength and 
endurance training. Med Sci Sports Exerc 2002;34:511-519. 
58.  Steffen PR, Sherwood A, Gullette ECD, Georgiades A, Hinderliter A and Blumenthal JA: Effects 
of exercise and weight loss on blood pressure during daily life. Med Sci Sports Exerc 2001;33:1635-
1640. 



 ACSM Exercise Intensity Guidelines  
 

11

59.  Wood RH, Reyes R, Welsch MA, et al: Concurrent cardiovascular and resistance training in 
healthy older adults. Med Sci Sports Exerc 2001;33:1751-1758. 
60.  Ardern CI, Katzmarzyk PT, Janssen I, et al: Race and sex similarities in exercise-induced 
changes in blood lipids and fatness. Med Sci Sports Exerc 36:1610-1615, 2004. 
61.  Arthur HM, Smith KM, Kodis J and McKelvie R: A controlled trial of hospital versus home-based 
exercise in cardiac patients. Med Sci Sports Exerc 2002;34:1544-1550. 
62.  Delagardelle C, Feiereisen P, Autier P, Shita R, Krecke R and Beissel J: Strength/endurance 
training versus endurance training in congestive heart failure. Med Sci Sports Exerc 2002;34:1868-
1872. 
63.  Dengel DR, Brown MD, Reynolds IV TH and Supiano MA: Effect of aerobic exercise training on 
renal responses to sodium in hypertensives. Med Sci Sports Exerc 2006;38:217-222.   
64.  Gabbett TJ, Gass GC, Thalib L, Morris N and Gass EM: Does endurance training affect 
orthostatic responses in healthy elderly men?  Med Sci Sports Exerc 2001;33:1279-1286. 
65. Kraus WE, Houmard JA, Duscha BD, et al: Effects of the amount and intensity of exercise on 
plasma lipoproteins. N Engl J Med 2002;347:1483-1492. 
66.  Mahler DA, Ward J and Mejia-Alfaro R: Stability of dyspnea ratings after exercise training in 
patients with COPD. Med Sci Sports Exerc 2003;35:1083-1087. 
67.  Moro C, Pillard F, Glisezinski IDE, et al: Training enhances ANP lipid-mobilizing action in adipose 
tissue of overweight men. Med Sci Sports Exerc 2005;37:1126-1132. 
68.  Neary JP, Mckenzie DC and Bhambhani YN: Effects of short-term endurance training on muscle 
deoxygenation trends using NIRS. Med Sci Sports Exerc 2002;34:1725-1732. 
69.  Perry CGR, Reid J, Perry W and Wilson BA: Effects of hyperoxic training on performance and 
cardiorespiratory response to exercise. Med Sci Sports Exerc 2005;37:1175-1179. 
70.  Skinner JS, Gaskill SE, Rankinen T, et al: Heart rate versus %VO2max: age, sex, race, initial 
fitness, and training response-HERITAGE. Med Sci Sports Exerc 2003;35:1908-1913. 
71.  Takeshima N, Rogers ME, Watanabe E, et al: Water-based exercise improves health-related 
aspects of fitness in older women. Med Sci Sports Exerc 2002;34:544-551. 
72.  Warburton DER, Haykowsky MJ, Quinney HA, et al: B lood volume expansion and 
cardiorespiratory function: effects of training modality. Med Sci Sports Exerc 2004;36:991-1000. 
73.  Wilmore JH, Stanforth PR, Gagnon J, et al: Cardiac output and stroke volume changes with 
endurance training: The HERITAGE Family Study. Med Sci Sports Exerc 2001;33:99-106. 
74.  Wilmore JH, Stanforth PR, Gagnon J, et al: Heart rate and blood pressure changes with 
endurance training: The HERITAGE Family Study. Med Sci Sports Exerc 2001;33:107-116. 
75.  Swain DP and Franklin BA: VO2 reserve and the minimal intensity for improving cardiorespiratory 
fitness. Med Sci Sports Exerc 2002;34:152-157. 
 
 
Disclaimer 
The opinions expressed in JEPonline are those of the authors and are not attributable to JEPonline, 
the editorial staff or ASEP. 
 


