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Comparison of Cardioprotective Benefits of Vigorous Versus
Moderate Intensity Aerobic Exercise

David P. Swain, PhDa,* and Barry A. Franklin, PhDb

Aerobic fitness, not merely physical activity, is associated with a reduced risk of
cardiovascular disease. Vigorous intensity exercise has been shown to increase aerobic
fitness more effectively than moderate intensity exercise, suggesting that the former
may confer greater cardioprotective benefits. An electronic search of published studies
using PubMed was conducted for 2 types of investigations, epidemiologic studies that
evaluated the benefits of physical activity of varying intensity levels and clinical trials that
trained individuals at different intensities of exercise while controlling for the total energy
expenditure. A secondary search was conducted using the references from these studies.
The epidemiologic studies consistently found a greater reduction in risk of cardio-
vascular disease with vigorous (typically >6 METs) than with moderate intensity
physical activity and reported more favorable risk profiles for individuals engaged in
vigorous, as opposed to moderate, intensity physical activity. Clinical trials generally
reported greater improvements after vigorous (typically >60% aerobic capacity)
compared with moderate intensity exercise for diastolic blood pressure, glucose
control, and aerobic capacity, but reported no intensity effect on improvements in
systolic blood pressure, lipid profile, or body fat loss. In conclusion, if the total energy
expenditure of exercise is held constant, exercise performed at a vigorous intensity
appears to convey greater cardioprotective benefits than exercise of a moderate

intensity. © 2006 Elsevier Inc. All rights reserved. (Am J Cardiol 2006;97:141–147)
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ecent public health recommendations have focused on the
alue of moderate intensity aerobic exercise for improving
ardiovascular health and reducing the risk of coronary
eart disease (CHD).1–3 However, reviews of training stud-
es have found that the higher the exercise intensity, the
reater the increase in aerobic fitness.4,5 If exercise of a
ore vigorous intensity elicits a greater increase in aerobic
tness than does moderate intensity exercise, perhaps more
igorous exercise has greater cardioprotective benefits. Exer-
ise of a vigorous intensity incurs a greater energy expenditure
EE) than does exercise of a moderate intensity performed for
he same duration. To determine whether vigorous intensity
xercise has greater benefits, one must control for total EE.
his review evaluated previous scientific publications to de-

ermine whether vigorous intensity or moderate intensity ex-
rcise of equal EE has disparate effects on cardiovascular
ealth, that is, on the risk factors for, and incidence of, CHD.

ethods

pidemiologic studies and clinical trials were examined.
or the former, only those that controlled for EE, or that
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ound a relation between 1 intensity level and the study end
oints (incidence of CHD or development of CHD risk
actors) but not for other intensity levels, were included. For
linical trials, only those that controlled for EE were in-
luded. A meta-analysis of the data was not feasible, be-
ause the number of studies that examined any 1 end point
such as blood pressure or insulin sensitivity) while control-
ing for EE was small, and such studies used varying dura-
ions and frequencies of exercise.

To perform the review, an electronic search (PubMed)
as conducted of published medical studies using the

earch term “exercise intensity” in conjunction with “heart
isease,” “cardiovascular,” “clinical trial,” or “risk.” More
han 500 scientific reports were identified in this manner.
eferences of studies that met the search criteria were used

or a secondary search.

esults
Epidemiologic studies: Tables 1 and 2 list the epidemi-

logic studies of exercise intensity and incidence of CHD,
r risk factors for CHD, respectively. In such studies, the
etermination of exercise intensity was imprecise. Subjects
eported their physical activity, and investigators designated
ctivities as “moderate” or “vigorous,” or assigned an in-
ensity on the basis of estimated multiples of metabolism at
est (METs; 1 MET � 3.5 ml · min�1 · kg�1). However, the
ctual intensity of a given activity can vary considerably
ccording to the patient’s fitness, motivation, interaction

ith competitors, and environmental conditions. In some
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tudies, activities classified as vigorous (typically �6 METs)
ould have been performed at a moderate intensity, such as
wimming and bicycling. Accordingly, it should be recog-
ized that the epidemiologic studies only provided a general
mpression regarding the effects of different exercise
ntensities.

Six studies listed in Table 1 prospectively considered
HD incidence.6–11 Five found that vigorous physical ac-

ivities were associated with a reduced risk of CHD, and
hysical activities of lower intensities were not, regardless
f their total EE.6,7,9–11 Although Lee et al7 reported a

able 1
pidemiologic studies of exercise intensity and coronary heart disease (C

tudy No. of Subjects Age
(yrs)/Sex

akka et al6* 1,166 42–60 M

ee et al7* 7,337 66 M

anson et al8 72,488 40–65 F
esso et al9* 12,516 39–88 M

anasescu et al10 44,452 40–75 M

u et al11* 1,975 49–64 M

* These studies did not control for EE across intensities per se, but fou

able 2
pidemiologic studies of exercise intensity and coronary heart disease ris

tudy No. of
Subjects

Age
(yrs)/Sex

Follow-up
(yrs)

u et al12 70,102 40–65 F 8
u et al13 37,918 40–75 M 10
ynch et al14* 897 32–60 M 4

arrugat et al15 537 20–60 M Cross-sectional

ensink et al16 5,943 25–69 M Cross-sectional

ensink et al16 6,039 25–69 F Cross-sectional

affenbarger and Lee17* 14,786 45–84 M 12

iscovick et al18 2,274 �65 M&F Cross-sectional

illiams19 8,896 45 M&F Cross-sectional

* These studies did not control EE across intensities per se, but found
ABI � ankle-brachial index; BMI � body mass index; BP � blood pr

igh-density lipoprotein; HTN � hypertension; PA � physical activity; T
ardioprotective effect for vigorous, but not moderate, in- r
ensity exercise when the intensity was expressed in abso-
ute terms (i.e., METs), these investigators also found ben-
fits within a subgroup of low-intensity exercisers when
heir activity was stratified by relative intensity.7 Among
atients whose only physical activity was �3 METs, those
ho subjectively rated their intensity as being high had a

ower CHD risk than those whose activity was perceived as
ess intense. Thus, greater cardioprotective benefits were
btained with increases in either the relative or absolute
ntensity of exercise. Two prospective studies listed in Table 1
ound that a faster walking speed was associated with a

idence in previously healthy subjects

ow-up
)

Intensity of Physical
Activity

Association With
Incidence

Mean 6.0 METs
Mean 3.6 METs

Yes
No

�6 METs
3–6 METs

Yes
No

Various walking speeds Inverse correlation
�6 METs
4–5.9 METs
�4 METs

Yes
No
No

�6 METs
4–6 METs
Various walking speeds

Yes
No
Inverse correlation

�6 METs
4.5–5.5 METs
2–4 METs

Yes
No
No

lation at 1 intensity level but not for other intensity levels.

s in healthy subjects

sity of Physical
vity

Effect on Risk Factors

ous walking speeds Inverse correlation to type 2 DM incidence
ous walking speeds Inverse correlation to type 2 DM incidence

METs
METs

Reduced incidence of type 2 DM
No effect

kcal/min
kcal/min
kcal/min
kcal/min

Lesser cholesterol and TG
Greater HDL
Greater VO2max
Baseline group

9.0 METs
7.0 METs
4.5 METs

Lesser cholesterol, HDL, TG, diastolic BP, BMI
No effect
Baseline group

9.0 METs
7.0 METs
4.5 METs

Lesser sys. BP, BMI
Lesser BMI
Baseline group

METs
METs

Reduced incidence of HTN
No effect

ous intensities Inverse correlation to fasting insulin, serum
fibrinogen, ABI, CI/I

ous running speeds Inverse correlation to systolic and diastolic BP,
total/HDL, BMI, waist circumference

n at 1 intensity level but not for other intensity levels.
CI/I � cardiac injury/infarction score; DM � diabetes mellitus; HDL �
rum triglycerides; VO2max � aerobic capacity.
HD) inc

Foll
(yrs

5

7

8
16

12

11
k factor

Inten
Acti

Vari
Vari
�5.5
�5.5
�9
�7
�5
�5
7.5–
5.9–
3.5–
7.5–
5.9–
3.5–
�4.5
�4.5
Vari

Vari

a relatio
essure;
educed CHD risk, independent of the total EE.8,10
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Three studies listed in Table 2 prospectively examined
he role of exercise intensity in the development of type 2
iabetes mellitus,12–14 a major CHD risk factor. Two studies
ound that vigorous activities were no more protective than
alking,12,13 but 1 study found that only physical activities

t intensities of �5.5 METs were protective.14 Two studies
ound that faster walking was associated with less risk than
lower walking.12,13 However, the duration of walking, but
ot EE, was controlled for, and thus one could not exclude
he possibility that the faster walkers experienced lower risk
ecause of greater EE.

Five studies listed in Table 2 evaluated other CHD risk
actors relative to the intensity of physical activity.15–19 One
tudy found that only physical activities at intensities �4.5

ETs were associated with a decreased incidence of hy-
ertension and reduced all-cause mortality.17 The other 4
tudies controlled for total EE and found more favorable

able 3
linical trials of exercise intensity and blood pressure with total work equ

tudy Age (yrs)/Sex Study
Length

Training
Intensity

sikainen et al20 Postmenopausal F 24 wks 65% VO
55% VO
45% VO

raith et al21 60–79 M&F 3 mo 85% HR
70% HR

ang et al22 13–16 M&F 8 mo 77% VO
57% VO

ashiro et al23 33–57 M&F* 10 wks 75% VO
50% VO

* Subjects in Tashiro et al23 were initially hypertensive.
HRR � heart rate reserve; other abbreviations as in Table 2.

able 4
linical trials of exercise intensity and blood lipids with total work equat

tudy Age
(yrs)/Sex

Study
Length

Trainin

ang et al22 13–16 M&F 8 mo 77% V
57% V

rouse et al24 47 M* 24 wks 80% V
50% V

uncan et al25 20–40 F 24 wks walk 8
walk 6
walk 4

ing et al26 50–65 M&F 2 yr 80% p
80% p
66% p

raus et al27 40–65 M&F* 6 mo 65–80%
40–60%

avage et al28 8–37 M 10 wks 75% V
40% V

pate-Douglas and Keyser29 40 F 12 wks 80% H
60% H

aesser and Rich30 20–30 M 18 wks 82% V
45% V

* Subjects in Crouse et al24 and Kraus et al27 were initially dyslipidemic
Abbreviations as in Tables 2 and 3.
isk profiles for vigorous, than for moderate, intensity phys- s
cal activities. Of particular interest is Williams’ investiga-
ion of runners.19 The runners reported their weekly running
istance as an indicator of total EE and their 10-km race time
s an indicator of exercise intensity (the exercise intensity of
aster racers during training would be greater than that of
lower racers). After controlling for running distance, sev-
ral CHD risk factors were inversely related to running
ntensity. This study was noteworthy, because the runners’
ecollection of training distance and running speed was
ikely to be more accurate than researchers’ assignments of

ET levels to various physical activities.

Clinical trials: Tables 3 to 6 list the clinical trials that
ad subjects perform exercise at different intensities while
arying the duration to control for EE.

Four studies listed in Table 3 found reductions in blood
ressure at rest as a result of exercise training.20–23 In 3

tween groups

No.
per Group

Change in
VO2max

Change in
Blood Pressure

87 1 2 diastolic BP
20 1 No effect
21 1 No effect
14 11 2 systolic and diastolic BP
19 1 2 systolic and diastolic BP
20 1 2 diastolic BP
21 No effect No effect
8 Not reported 2 systolic and diastolic BP
8 2 systolic BP only

een groups

sity No.
per Group

Change in
VO2max

Change in Blood Lipids

20 1 2 TG, 1 LDL particle size
21 No effect No effect
12 11 1 HDL2, 2 HDL3

14 1 1 HDL2, 2 HDL3

16 111 1 HDL
12 11 1 HDL
18 1 1 HDL
69 1 No effect
74 1 1 HDL
64 1 1 HDL

ax 17 11 2 Several risk factors
ax 19 1 2 Several risk factors

24 1 2 HDL
16 No effect 2 HDL
12 1 1 HDL, 1 HDL2

13 1 1 HDL, 1 HDL2

7 1 No effect
10 1 No effect
ated be

2max

2max

2max
R
R

2max

2max

2max

2max
ed betw

g Inten

O2max
O2max
O2max
O2max
.0 km/h
.4 km/h
.8 km/h
eak HR
eak HR
eak HR

VO2m
VO2m

O2max
O2max
RR
RR
O2max
O2max

.

tudies, the group that exercised at the highest intensity
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65% to 77% of aerobic capacity [VO2max]) experienced a
ecrease in diastolic blood pressure, but the groups that
xercised at lower intensities (45% to 57% VO2max) did
ot.20,22,23 In 1 study, the 2 intensity groups (70% and 85%
eart rate reserve) experienced similar decreases in diastolic
lood pressure.21 In 2 studies, training resulted in a decrease
n systolic blood pressure that was similar between the
xercise intensity groups.21,23

Seven studies listed in Table 4 found improvements in
he lipid profile after exercise training.22,24–29 Six studies
ound increased levels of high-density lipoprotein choles-
erol, but no intensity effect was noted.24–29 Only 2 studies
eported significant reductions in triglycerides or low-den-
ity lipoprotein cholesterol; 1 reported benefits in the high-
ntensity, but not the low-intensity, group;22 the other found
o intensity effect when the total EE was low, and observed
he greatest benefits in the group that performed high-vol-
me and high-intensity training.27 Several studies reported
o change in low-density lipoprotein cholesterol with
raining.20,24–26,28,30

Five studies listed in Table 5 found improvements in

able 5
linical trials of exercise intensity and blood glucose control with total w

tudy Age
(yrs)/Sex

Study
Length

Training In

sikainen et al20 Postmenopausal F 24 wks 65% VO2m
55% VO2m
45% VO2m

en-Ezra et al31 23 F 1 d 70% VO2m
40% VO2m

raun et al32 35–50 F* 2 d 75% VO2m
50% VO2m

oumard et al33 40–65 M&F 6 mo 65–80% V
40–60% V

ang et al34 43 M 1 wk 70% VO2m
50% VO2m
70% VO2m

44 M* 50% VO2m

* Subjects in Braun et al32 and 1/2 of subjects in Kang et al34 had type
OGTT � oral glucose tolerance test; other abbreviations as in Table 2.

able 6
linical trials of exercise intensity and body fat with total work equated b

tudy Age
(yrs)/Sex

Study
Length

Trainin

raith et al21 60–79 M&F 3 mo 85% H
70% H

rediagin et al35 25–40 F 12 wks 80% V
50% V

utin et al36 13–16 M&F 8 mo 77% V
57% V

eutholtz et al37 41 M&F 12 wks 60% H
40% H

lentz et al38 40–65 M&F 6 mo 65–80%
40–60%

Abbreviations as in Tables 2 and 3.
lucose control or insulin sensitivity.20,31–34 In 3 studies, g
mprovements were found among healthy subjects who ex-
rcised at vigorous intensities (65% to 70% VO2max) but
ot at moderate intensities (40% to 55% VO2max).20,31,34

ne study found more improvement at a moderate intensity
40% to 60% VO2max) than at a vigorous intensity (65% to
0% VO2max) when the total EE was low.33 Two studies of
hort-term training in subjects with type 2 diabetes mellitus
ound either similar improvements at the 2 intensities32 or
o improvement at either intensity.34 These 2 studies used
ery brief exposures to exercise (2 days32 and 1 week34).
dditional studies of longer duration would be useful, given

hat 3 of the 4 studies with nondiabetic subjects found more
mprovements with vigorous, than with moderate, intensity
xercise.20,31,34

Five studies listed in Table 6 reported reductions in body
at after exercise training.21,35–38 In all cases, no intensity
ffect was noted.

Of the studies listed in Tables 3 to 6, 11 reported increases
n VO2max after exercise training.20–22,24–26,28–30,36,37 Six
tudies found that the higher intensity groups demonstrated

ated between groups

No.
per Group

Change in
VO2max

Change in Blood
Glucose Control

87 1 2 fasting glucose
20 1 No effect
21 1 No effect
24 Not applicable 2 OGTT insulin response
24 No effect
8 Not applicable 1 insulin sensitivity
8 1 insulin sensitivity

30 Not reported 1 insulin sensitivity
41 11 insulin sensitivity

6 Not reported 1 insulin sensitivity
6 No effect
6 No effect
6 No effect

tes mellitus.

groups

No. of Subjects
per Group

Change in
VO2max

Change in
Body Fat

14 11 2
19 1 2

6 No effect 2
6 No effect 2

21 1 2
21 No effect 2
20 1 2
20 1 2

ax 28 Not reported 2
ax 28 2
ork equ

tensity

ax
ax
ax
ax
ax
ax
ax

O2max
O2max
ax
ax
ax
ax

2 diabe
etween

g

RR
RR
O2max
O2max
O2max
O2max
RR
RR

VO2m
VO2m
reater increases in VO2max than did the lower intensity
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145Review/Vigorous Versus Moderate Intensity Exercise
roups.21,22,24,25,28,36 Five studies reported similar increases
n aerobic capacity between intensity groups,20,26,29,30,37 and
o study found a greater increase in the lower than in the
igher intensity group.

iscussion

lthough many studies have evaluated the cardioprotective
enefits of exercise, relatively few have compared different
ntensities while controlling EE. Although additional stud-
es are warranted, a consistent picture has emerged. Several
pidemiologic studies found benefits for accumulated EE
erformed at a vigorous intensity but not at a moderate
ntensity.6,7,9–11,14,17 The epidemiologic studies that specifi-
ally controlled EE all found greater benefits at higher inten-
ities.8,10,15,16,18,19 No epidemiologic study reported greater
enefits for moderate than for vigorous intensity physical ac-
ivity. Clinical trials provided complementary results. When
he EE between groups was held constant, vigorous intensity
as more beneficial than moderate intensity exercise in alter-

ng �1 CHD risk factor,20–25,27,28,31,34,36 sometimes produced
o greater benefit,26,29,30,32,35,37,38 and in only 1 study was of
esser benefit.33 Thus, the preponderance of evidence favors
ore cardioprotective benefits from vigorous than from
oderate intensity exercise.
Additional clinical trials that compare �2 exercise in-

ensities while controlling total EE are needed to confirm
he findings in this review. A recent meta-analysis con-
luded that moderate and vigorous intensity exercise were
omparable at lowering blood pressure at rest,39 but 3 of the
clinical trials identified in this review as having controlled

otal EE found that vigorous intensity exercise was more
ffective than moderate intensity exercise.20,22,23 In the 1
rial that found no difference between the 2 intensity groups,
oth groups exercised vigorously (i.e., 70% and 85% of the
eart rate reserve).21 Meta-analyses are powerful tools but,
n combining data from different studies, variations between
tudies in the frequency and duration of exercise and in the
ubjects’ baseline blood pressure and aerobic capacity could
erve as confounding variables when interpreting the role of
xercise intensity. Individual clinical trials that compared
2 exercise intensities provide stronger evidence, because

onfounding variables are equal between groups.
Long-term aerobic exercise has clear cardioprotective

enefits.2 Although an accumulation of moderate intensity
E on a regular basis is sufficient to provide some benefit,

he epidemiologic studies in this review that compared dif-
erent exercise intensities generally found that exercise of a
ore vigorous nature resulted in a lower incidence of CHD

han did moderate intensity exercise. In epidemiologic stud-
es, exercise intensity is commonly expressed in absolute
erms, that is, as a given EE (often described in METs)
rrespective of the subject’s fitness level. In these terms,
igorous intensities are typically defined as those requiring

6 METs. However, the studies of walking speed have i
ound significantly greater reductions in risk when walking
peeds of only 4.8 km/hour were compared with lower
peeds.8,10 Walking at 4.8 km/hour requires only 3.2 METs.
t the other end of the intensity scale, a study of 10-km

unners found a graded reduction in CHD risk factors with
reater intensity.19 Thus, it appears that a continuum of
reater cardioprotection exists from low to high absolute
xercise intensities, a finding that is also suggested by cor-
elations of aerobic fitness level to the incidence of
HD.40–44

Exercise intensity can also be classified in relative terms,
s a percentage of one’s aerobic capacity or as a subjective
evel of effort. Most clinical trials are conducted with ex-
rcise intensity established as a percentage of VO2max, and
ave generally found that greater relative intensities result
n greater improvements in aerobic fitness and in selected
HD risk factors. Thus, is it necessary for very-low-fit
atients to achieve an exercise intensity of 6 METs, which
ay approach or exceed their aerobic capacity, to achieve

ptimum benefits, or is it sufficient that they work at a level
hat is vigorous relative to their VO2max? The epidemio-
ogic studies of walking, including the study of subjective
ntensities �3 METs,7 and most clinical trials have sug-
ested that higher relative exercise intensities are more
eneficial than lower ones, and that it is not essential that 6
ETs be achieved to benefit.
Mechanisms by which physical activity or improved

erobic fitness, or both, may provide cardioprotective ben-
fits are multiple. Why vigorous intensity provides greater
enefits than moderate intensity physical activity, even with
he EE equated, is unclear at present. Certainly, vigorous
ntensities are more effective than moderate intensities at
ncreasing aerobic capacity, as shown in this and previous
eviews.4,5 This is particularly true for patients with higher
aseline fitness.45 Moreover, recent epidemiologic studies
ave shown that each 1-MET increase in exercise capacity
onfers an 8% to 17% reduction in cardiovascular and
ll-cause mortality.42–44,46 Yet, the question remains as to
ow the increased aerobic capacity, or perhaps other adap-
ations that are simultaneously elicited by vigorous intensity
xercise, yield greater physiologic benefits than does the
ere accumulation of moderate intensity caloric expendi-

ure.
One possible mechanism might be through adaptations in

utonomic control. As a consequence of aerobic training,
ympathetic drive at rest is reduced and vagal tone is in-
reased, with potential effects on blood pressure, thrombo-
is, and other factors associated with coronary risk. During
xercise, higher intensities elicit exponentially greater in-
reases in sympathetic drive.47 Thus, one might hypothesize
hat vigorous intensity training would result in greater au-
onomic adaptations than moderate intensity exercise of
qual EE. For example, a shift from fat to carbohydrate use
s brought about by increased adrenergic activity as exercise

ntensity increases, which has been proposed as the mech-
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nism for improvements in insulin sensitivity observed after
igorous, but not moderate, intensity training.34

1. Pate RR, Pratt M, Blair SN, Haskell WL, Macera CA, Bouchard C,
Buchner D, Ettinger W, Heath GW, King AC, et al. Physical activity
and public health: a recommendation from the Centers for Disease
Control and Prevention and the American College of Sports Medicine.
JAMA 1995;273:402–407.

2. U.S. Department of Health and Human Services. Physical Activity and
Health: A Report of the Surgeon General. Atlanta, U.S. Department of
Health and Human Services, Centers for Disease Control and Preven-
tion, National Center for Chronic Disease Prevention and Health
Promotion, 1996.

3. Thompson PD, Buchner D, Pina IL, Balady GJ, Williams MA, Marcus
BH, Berra K, Blair SN, Costa F, Franklin B, et al. Exercise and
physical activity in the prevention and treatment of atherosclerotic
cardiovascular disease. Circulation 2003;107:3109–3116.

4. Swain DP, Franklin BA. VO2 reserve and the minimal intensity for
improving cardiorespiratory fitness. Med Sci Sports Exerc 2002;34:
152–157.

5. Wenger HA, Bell GJ. The interactions of intensity, frequency and
duration of exercise training in altering cardiorespiratory fitness.
Sports Med 1986;3:346–356.

6. Lakka TA, Venalainen JM, Rauramaa R, Salonen R, Tuomilehto J,
Salonen JT. Relation of leisure-time physical activity and cardiorespi-
ratory fitness to the risk of acute myocardial infarction in men. N Engl
J Med 1994;330:1549–1554.

7. Lee IM, Sesso HD, Oguma Y, Paffenbarger RS. Relative intensity of
physical activity and risk of coronary heart disease. Circulation 2003;
107:1110–1116.

8. Manson JE, Hu FB, Rich-Edwards JW, Colditz GA, Stampfer MJ,
Willett WC, Speizer FE, Hennekens CH. A prospective study of
walking as compared with vigorous exercise in the prevention of
coronary heart disease in women. N Engl J Med 1999;341:650–658.

9. Sesso HD, Paffenbarger RS, Lee IM. Physical activity and coronary
heart disease in men: the Harvard Alumni Health Study. Circulation
2000;102:975–980.

0. Tanasescu M, Leitzmann MF, Rimm EB, Willett WC, Stampfer MJ,
Hu FB. Exercise type and intensity in relation to coronary heart disease
in men. JAMA 2002;288:1994–2000.

1. Yu S, Yarnell JW, Sweetnam PM, Murray L. What level of physical
activity protects against premature cardiovascular death? The Caer-
philly study. Heart 2003;89:502–506.

2. Hu FB, Sigal RJ, Rich-Edwards JW, Colditz GA, Solomon CG, Willett
WC, Speizer FE, Manson JE. Walking compared with vigorous phys-
ical activity and risk of type 2 diabetes in women. JAMA 1999;282:
1433–1439.

3. Hu FB, Leitzmann MF, Stampfer MJ, Colditz GA, Willett WC, Rimm
EB. Physical activity and television watching in relation to risk for
type 2 diabetes mellitus in men. Arch Int Med 2001;161:1542–1548.

4. Lynch J, Helmrich SP, Lakka TA, Kaplan GA, Cohen RD, Salonen R,
Salonen JT. Moderately intense physical activities and high levels of
cardiorespiratory fitness reduce the risk of non-insulin-dependent di-
abetes mellitus in middle-aged men. Arch Int Med 1996;156:
1307–1314.

5. Marrugat J, Elosua R, Covas MI, Molina L, Rubies-Prat J. Amount and
intensity of physical activity, physical fitness, and serum lipids in men.
Am J Epidemiol 1996;143:562–569.

6. Mensink GB, Heerstrass DW, Neppelenbroek SE, Schuit AJ, Bellach
BM. Intensity, duration, and frequency of physical activity and coro-
nary risk factors. Med Sci Sports Exerc 1997;29:1192–1198.

7. Paffenbarger RS, Lee IM. Intensity of physical activity related to
incidence of hypertension and all-cause mortality: an epidemiologic
view. Blood Press Monit 1997;2:115–123.

8. Siscovick DS, Fried L, Mittelmark M, Rutan G, Bild D, O’Leary DH,

for the Cardiovascular Health Study. Exercise intensity and subclinical
cardiovascular disease in the elderly. Am J Epidemiol 1997;145:
977–986.

9. Williams PT. Relationships of heart disease risk factors to exercise
quantity and intensity. Arch Intern Med 1998;158:237–245.

0. Asikainen TM, Miilunpalo S, Kukkonen-Harjula K, Nenonen A,
Pasenen M, Rinne M, Uusi-Rasi K, Oja P, Vuori I. Walking trials in
postmenopausal women: effect of low doses of exercise and exercise
fractionization on coronary risk factors. Scand J Med Sci Sports
2003;13:284–292.

1. Braith RW, Pollock ML, Lowenthal DT, Graves JE, Limacher MC.
Moderate- and high-intensity exercise lowers blood pressure in nor-
motensive subjects 60 to 79 years of age. Am J Cardiol 1994;73:1124–
1128.

2. Kang HS, Gutin B, Barbeau P, Owens S, Lemmon CR, Allison J,
Litaker MS, Le NA. Physical training improves insulin resistance
syndrome markers in obese adolescents. Med Sci Sports Exerc 2002;
34:1920–1927.

3. Tashiro E, Miura S, Koga M, Sasaguri M, Ideishi M, Ikeda M, Tanaka
H, Shindo M, Arakawa K. Crossover comparison between the depres-
sor effects of low and high work-rate exercise in mild hypertension.
Clin Exp Pharmacol Physiol 1993;20:689–696.

4. Crouse SF, O’Brien BC, Grandjean PW, Lowe RC, Rohack JJ, Green
JS, Tolson H. Training intensity, blood lipids, and apolipoproteins in
men with high cholesterol. J Appl Physiol 1997;82:270–277.

5. Duncan JJ, Gordon NF, Scott CB. Women walking for health and
fitness: how much is enough? JAMA 1991;266:3295–3299.

6. King AC, Haskell WL, Young DR, Oka RK, Stefanick ML. Long-term
effects of varying intensities and formats of physical activity on par-
ticipation rates, fitness, and lipoproteins in men and women aged 50 to
65 years. Circulation 1995;91:2596–2604.

7. Kraus WE, Houmard JA, Duscha BD, Knetzger KJ, Wharton MB,
McCartney JS, Bales CW, Henes S, Samsa GP, Otvos JD, Kulkarni
KR, Slentz CA. Effects of the amount and intensity of exercise on
plasma lipoproteins. N Engl J Med 2002;347:1483–1492.

8. Savage MP, Petratis MM, Thomson WH, Berg K, Smith JL, Sady SP.
Exercise training effects on serum lipids of prepubescent boys and
adult men. Med Sci Sports Exerc 1986;18:197–204.

9. Spate-Douglas T, Keyser RE. Exercise intensity: its effect on the
high-density lipoprotein profile. Arch Phys Med Rehabil 1999;80:691–
695.

0. Gaesser GA, Rich RG. Effects of high- and low-intensity exercise
training on aerobic capacity and blood lipids. Med Sci Sports Exerc
1984;16:269–274.

1. Ben-Ezra V, Jankowski C, Kendrick K, Nichols D. Effect of intensity
and energy expenditure on postexercise insulin responses in women.
J Appl Physiol 1995;79:2029–2034.

2. Braun B, Zimmermann MB, Kretchmer N. Effects of exercise intensity
on insulin sensitivity in women with non-insulin-dependent diabetes
mellitus. J Appl Physiol 1995;78:300–306.

3. Houmard JA, Tanner CJ, Slentz CA, Duscha BD, McCartney JS,
Kraus WE. Effect of the volume and intensity of exercise training on
insulin sensitivity. J Appl Physiol 2004;96:101–106.

4. Kang J, Robertson RJ, Hagberg JM, Kelley DE, Goss FL, DaSilva SG,
Suminski RR, Utter AC. Effect of exercise intensity on glucose and
insulin metabolism in obese individuals and obese NIDDM patients.
Diabetes Care 1996;19:341–349.

5. Grediagin A, Cody M, Rupp J, Benardot D, Shern R. Exercise inten-
sity does not effect body composition change in untrained, moderately
overfat women. J Am Diet Assoc 1995;95:661–665.

6. Gutin B, Barbeau P, Owens S, Lemmon CR, Bauman M, Allison J,
Kang HS, Litaker MS. Effects of exercise intensity on cardiovascular
fitness, total body composition, and visceral adiposity of obese ado-
lescents. Am J Clin Nutr 2002;75:818–826.

7. Leutholtz BC, Keyser RE, Heusner WW, Wendt VE, Rosen L. Exer-
cise training and severe caloric restriction: effect of lean body mass in

the obese. Arch Phys Med Rehabil 1995;76:65–70.



3

3

4

4

4

4

4

4

4

4

147Review/Vigorous Versus Moderate Intensity Exercise
8. Slentz CA, Duscha BD, Johnson JL, Ketchum K, Aiken LB, Samsa
GP, Houmard JA, Bales CW, Kraus WE. Effects of the amount of
exercise on body weight, body composition, and measures of central
obesity. Arch Intern Med 2004;164:31–39.

9. Fagard RH. Exercise characteristics and the blood pressure response to
dynamic physical training. Med Sci Sports Exer 2001;33(suppl):S484–
S492.

0. Blair SN, Kohl HW, Paffenbarger RS, Clark DG, Cooper KH, Gibbons
LW. Physical fitness and all-cause mortality: a prospective study of
healthy men and women. JAMA 1989;262:2395–2401.

1. Williams PT. Physical fitness and activity as separate heart disease risk
factors: a meta-analysis. Med Sci Sports Exerc 2001;33:754–761.

2. Blair SN, Kohl HW, Barlow CE, Paffenbarger RS, Gibbons LW,
Macera CA. Changes in physical fitness and all-cause mortality. JAMA

1995;273:1093–1098.
3. Dorn J, Naughton J, Imamura D, Trevisan M. Results of a multicenter
randomized clinical trial of exercise and long-term survival in myo-
cardial infarction patients. Circulation 1999;100:1764–1769.

4. Myers J, Prakash M, Froelicher V, Do D, Partington S, Atwood JE.
Exercise capacity and mortality among men referred for exercise
testing. N Engl J Med 2002;346:793–801.

5. Swain DP. Moderate or vigorous intensity exercise: which is better for
improving aerobic fitness? Prev Cardiol 2005;8:55–58.

6. Gulati M, Pandey DK, Arnsdorf MF, Lauderdale DS, Thisted RA,
Wicklund RH, Al-Hani AJ, Black HR. Exercise capacity and the risk
of death in women: the St. James Women Take Heart Project. Circu-
lation 2003;108:1554–1559.

7. Podolin DA, Munger PA, Mazzeo RS. Plasma catecholamine and
lactate response during graded exercise with varied glycogen condi-

tions. J Appl Physiol 1991;71:1427–1433.


	Comparison of Cardioprotective Benefits of Vigorous Versus Moderate Intensity Aerobic Exercise
	Methods
	Results
	Epidemiologic studies
	Clinical trials

	Discussion
	References


