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ABSTRACT

GORMLEY, S. E., D. P. SWAIN, R. HIGH, R. J. SPINA, E. A. DOWLING, U. S. KOTIPALLI. and R. GANDRAKOTA. Effect of
Intensity of Aerobic Training on VO 2,•1,. Med. Sci. Sports Exerc., Vol. 40, No. 7, pp. 1336-1343, 2008. Purpose: To determine
whether various intensities of aerobic training differentially affect aerobic capacity as well as resting HR and resting blood pressure
(BP). Methods: Sixty-one health young adult subjects were matched for sex and VO 2,11,x and were randomly assigned to a moderate-
(50% V0 2 reserve ('V0 2R), vigorous (75% VO 2 R), near-maximal-intensity (95% VO 2 R), or a nonexercising control group. Intensity
during exercise was controlled by having the subjects maintain target HR based on HR reserve. Exercise volume (and thus energy
expenditure) was controlled across the three training groups by varying duration and frequency. Fifty-five subjects completed a 6-wk
training protocol on a stationary bicycle ergometer and pre- and posttesting. During the final 4 wk, the moderate-intensity group
exercised for 60 min, 4 d'wk-1 the vigorous-intensity group exercised for 40 min, 4 dwk-1 and the near-maximal-intensity group
exercised 3 d-wk-1 performing 5 min at 75% V0 2R followed by five intervals of 5 min at 95% VO 2R and 5 min at 50% VO 2 R.
Results: V0O2 .- significantly increased in all exercising groups by 7.2, 4.8, and 3.4 mL'min1-kg-1 in the near-maximal-, the
vigorous-, and the moderate-intensity groups, respectively. Percent increases in the near-maximal- (20.6%), the vigorous- (14.3%), and
the moderate-intensity (10.0%) groups were all significantly different from each other (P < 0.05). There were no significant changes in
resting HR and BP in any group. Conclusion: When volume of exercise is controlled, higher intensities of exercise are more effective
for improving VO 2 ,- than lower intensities of exercise in healthy, young adults. Key Words: EXERCISE, MAXIMUM OXYGEN
CONSUMPTION, BLOOD PRESSURE, HR

he 1996 Surgeon General's Report recommended
that Americans obtain at least 30 min of moderate-
intensity physical activity, most days of the week, to

maintain cardiovascular well-being (36). The report also
stated that a greater amount or a greater intensity of exercise
confers greater benefits, but specifics for intensity were not
provided. Recently, the American College of Sports Medi-
cine and the American Heart Association recommended a
minimum of 30 min of moderate-intensity physical activity
5 d'wk-', 20 min of vigorous-intensity physical activity
3 d-wk-1, or a combination of the two (15).
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Research suggests that vigorous-intensity exercise (60-
84% oxygen consumption reserve (VO 2R)) results in greater
increases in aerobic capacity than moderate-intensity exer-
cise (40-59% VO 2 R) (32). Specifically, some training
studies that have compared more than one intensity of con-
tinuous aerobic exercise while controlling the total volume
or energy expenditure of exercise have found significantly
greater increases in aerobic capacity in the higher-intensity
group (5,7,8,10,13,14,19,25,28). However, several similar
studies found no difference between groups performing
continuous exercise at different intensities (3,4,6,9,12,16,
20-22,30,31). Moreover, only a few studies have compared
the effects of near-maximal-intensity exercise, which can
only be performed using intervals, with continuous exercise
of either moderate or vigorous intensities. Three studies
found that such intervals were more effective than lower-
intensity continuous training in cardiac patients (27,37,38).
Only two studies have compared near-maximal intervals
with lower-intensity continuous training in healthy adults,
and both studies included only highly fit males as subjects
(11,16). Both studies found significant increases in VO 2,,ax

in the interval group and no increase in the lower-intensity
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continuous training groups, but it is not known if indi-
viduals of average fitness, and especially women, will re-
spond similarly. Therefore, the current study aimed to
confirm whether continuous exercise at a vigorous inten-
sity is more effective than continuous exercise at a moder-
ate intensity for improving aerobic capacity and also to
determine whether interval training at a near-maximal
intensity in a mixed-gender population of average fitness is
more effective than continuous exercise of a lower intensity.

Vigorous-intensity exercise confers greater cardioprotec-
tive health benefits than moderate-intensity exercise, includ-
ing a lower incidence of coronary heart disease that may be
related to lower risk factors (33). Clinical trials have found
that higher-intensity exercise resulted in greater reductions in
resting blood pressure (BP) than lower intensity (3,19,24,35),
although not all studies have found an intensity effect (5).

A hallmark of endurance training is resting bradycardia
(29). However, few studies have evaluated the potential role
of exercise intensity in reducing resting HR. One study that
did not control the volume of exercise found that training
at 72% of V'O2R resulted in a significant decrease in rest-
ing HR, whereas training at 50% VO 2R did not (23). This
finding is suggestive of an intensity effect, but because
volume was not controlled, it is not conclusive. Only five
studies that have controlled exercise volume between two
groups exercising at different intensities measured resting
HR (5,13,22,24,35). Of these, only one found an intensity
effect, in that women training at 64% VO2R decreased
resting HR, whereas those training at 41% VO2R did not
(24). Men in neither intensity group decreased resting HR;
however, there were few men in the study. Further research
is warranted to fully examine the question of whether
higher-intensity exercise is more effective at lowering rest-
ing BP and HR than lower-intensity exercise.

The primary purpose of this study was to determine
whether various intensities of aerobic training differentially
affect aerobic capacity in healthy adults. Some studies that
have compared vigorous and moderate intensities of con-
tinuous exercise found that vigorous-intensity is more
effective, but other studies have not. Moreover, research
comparing near-maximal-intensity intervals with lower-inten-
sity continuous training is limited to either cardiac patients or
highly fit men. A secondary purpose of the study was to
examine the effects of training intensity on resting HR and
resting BP. It was hypothesized that there would be
significantly greater increases in VO2 ..... in the higher-
intensity groups: near-maximal > vigorous > moderate >
control. It was also hypothesized that there would be
significantly greater reductions in resting systolic BP,
diastolic BP, and HR in the higher-intensity groups: near-
maximal > vigorous > moderate > control.

METHODS

Subjects. Sixty-one male and female young adults
were recruited from the students and staff of Old Dominion

University for this study. All subjects were at a low risk
for cardiovascular disease according to ACSMs Guidelines
,fbr Exercise Testing and Prescription, that is, they were
between 18 and 44 yr, they had no more than one risk fac-
tor for coronary heart disease, they had. no signs or symp-
toms of cardiovascular disease, and they did not have
known cardiovascular, pulmonary, or metabolic disease (2).
Exclusionary criteria included anyone classified higher than
low risk, anyone taking medications that influence HR
(such as beta-blockers), anyone who was pregnant, and
anyone with recent, significant bicycle training, that is, a
competitive cyclist or one who had engaged in at least 3 h
of cycling per week over the past 3 months.

The study was reviewed and approved by the univer-
sity's institutional review board. Upon the date of initial
testing, subjects were informed of the nature, the risks, and
the potential benefits of the study orally and in writing, and
then subjects provided written, informed consent.

Testing procedures. Subjects were instructed to refrain
from caffeine, heavy meals, or heavy exercise 3 h before
testing. Upon arrival to the laboratory, investigators obtained
informed consent from each subject. Height, mass, and three-
site skinfolds were measured (18), and body mass index
(BMI) and percent body fat were calculated. Skinfolds were
measured by a single, experienced investigator.

Subjects were fitted with a chest strap monitor (Polar,
Kempe, Finland) for HR measurement and an automated
brachial BP device (HEM-422CR; Onaron, Vernon Hills, IL)
and lay supine quietly for 15 mini. HR and BP were measured
at 14 and 15 min and averaged to report resting values.

After the rest period, each subject completed a maximal
incremental exercise test on a cycle ergometer (Cycle 828 E;
Monark, Varberg, Sweden). Calibration of the cycle ergo-
meter was completed before initiation of the study and at
1-month intervals. The seat height was adjusted to allow a
slight bend in the knee with the leg at full extension and the
foot held parallel to the floor. The subject continued to wear
the HR monitor and was fitted with a mouthpiece and head
gear for the collection of expired gases. For the exercise
testing protocol, the subject pedaled at a cadence of 60 rpm
at an initial resistance of 0.75 kg for males and 0.5 kg for
females to produce workloads of 45 and 30 W, respectively.
Resistance was increased every 3 min by 0.75 kg for males
and 0.5 kg for females. HR was recorded during the last 10 s
of each minute of exercise. Testing was terminated when
the subject was no longer able to continue or could not
maintain a cadence of 60 rpm despite encouragement.

A metabolic cart (Vmax 29c; SensorMedics, Yorba Linda,
CA) was used during pre- and posttesting sessions to mea-
sure V•O2max and RER. The flow sensor was calibrated
against a 3.0-L syringe, and CO 2 and 02 sensors were cali-
brated against known gases before each test. VO21nax was
calculated as the average of the three highest, continuous
20-s intervals (typically, but not necessarily, the last three
20-s intervals of the test). Criteria for attainment of VO2max
were an RER > 1. 10 or a plateau in V0 2 (an increase in WV2
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from the penultimate stage to the last completed stage that
was less than one half the expected increase).

To reduce potential sources of variability, the pretests
and the posttests were administered at the same time of
day for each subject. The testing procedures of the posttest
matched those of the pretest. Posttesting occurred the
week immediately after the completion of the 6-wk experi-
mental period.

Training protocol. Subjects were matched according to
sex and VO2max and were randomly assigned to one of four
groups: 1) moderate intensity (50% V0 2R), 2) vigorous
intensity (75% V0 2R), 3) near-maximal intensity (intervals
at 95% VO2R), and 4) nonexercising control. Age was not
used in the assignment process, because the age range of the
subjects was relatively narrow. Table 1 presents the training
protocol. The training protocol varied in duration and
frequency to ensure that each intensity group performed
the same volume of exercise, defined in aerobic training
units (ATU) based on VO 2R, that is, volume = intensity
(%NO 2 R) x duration (minutes per session) x frequency
(sessions per week). During exercise, intensity was con-
trolled by establishing target HR at the equivalent per-
centages of HR reserve (HRR) based on the resting and the
maximum HR values measured during testing (34).

Although intensity was controlled via HR and total
volume of exercise was based on ATU, the external work
that was performed in each exercise session was recorded to
determine whether energy expenditure was similar across
the three training groups. Cadence on the bike ergometer
was maintained at 60 rpm, and resistance (R, in kilograms)
was recorded every 5 min, not including the warm-up and
cool-down. The average R across all training sessions in a
given week was determined for each subject, and external
work (in joules) was calculated as

Work = (R) (9.81 m-s-2)(6 m)(60 rprn)(t)

where t is the total duration (not including warm-up and cool-
down) in minutes of the exercise sessions in the given week.

Subjects were informed that they must complete at least
90% of all training sessions to fulfill the requirements of the
study. Training during the 6-wk experimental period was
performed on the same model of cycle ergometer as used in

TABLE 1. Six-week training program.

Moderate Group Vigorous Group Near-Maximal Group

Week 1 50% HRR 50% HRR 50% HRR
30 min 30 min 30 min
3d 3d 3dcl
45 ATU 45 ATU 45 ATU

Week 2 50% HRR 75% HRR 75% HRR
45 min 40 min 40 min
4d 3d 3d
90 ATU 90 ATU 90 ATU

Weeks 3-6 50% HRR 75% HRR 5 min 75% HRR
60 win 40 min 5 x (5 min 90-100%; 5 min 50%)
4d 4d 3d
120 ATU 120 ATU 120 ATU

ATU = intensity (%HRR or %V02R) x duration x frequency; equivalent to energy
expenditure of X number of minutes per week spent at V02 -/,a.

testing. Each training session was supervised to ensure that
the target HR was maintained and to ensure that cadence
was maintained at 60 rpm. A visual display of cadence was
available for the subject and the investigator to monitor. For
week 1, each group performed moderate-intensity cycling at
50% HRR for 30 min on three nonconsecutive days. Each
cycling session contained 5-min warm-up and cool-down
periods not included in the 30 min. HR and resistance were
recorded every 5 min during each exercise session. The
resistance against which subjects pedaled was adjusted if
needed at the start of the next 5-min period to keep the
subjects' HR close to the target value.

During week 2, the moderate-intensity group increased
the exercise duration to 45 min and frequency to 4 d of
exercise while maintaining 50% HRR. The vigorous-
intensity group increased the duration to 40 min and the
intensity to 75% HRR, while maintaining a frequency of
3 d. The near-maximal-intensity group exercised with the
same prescription as the vigorous-intensity group during
week 2.

For the remaining 4 wk of exercise, subjects were
exercising- at their final levels of duration, frequency, and
intensity. The moderate-intensity group exercised at 50%
HRR for 60 trin, 4 d-wk-1. The vigorous-intensity group
exercised at 75% HRR for 40 min, 4 d-wk-'. The near-
maximal-intensity group exercised at 75% HRR for 5 min
followed by five intervals of 5 min at 95% HRR (the work
phase) and 5 min at 50% HRR (the recovery phase), 3
d.wk- . All three groups performed a 5-min warm-up and a
5-min cool-down with each exercise session throughout the
6 wk. From the HR values recorded every 5 min during
each training session, an average HR for each subject was
calculated (separately for the work and recovery phases of
the intervals for the near-maximal-intensity group) and
expressed in %HRR units. For the final 4 wk of training, the
mean %HRR for all sessions completed by all subjects
within each group was determined.

Subjects were asked to not vary their usual physical
activity patterns during the study and were asked to maintain
a log of all physical activity performed outside of the
supervised training. Volume of physical activity was esti-
mated using the compendium of physical activity (1). Each
activity was assigned an approximate intensity in METs from
the compendium; 1 MET was subtracted from the value in
the compendium to express the net rather than gross
intensity. The MET value was multiplied by the duration of
the activity to obtain MET-hours of activity, and these values
were summed for each subject for any given week.

Statistical analysis. Six participants withdrew from
the study due to scheduling conflicts, and only the
remaining 55 were included in the analysis. Descriptive
statistics are presented as mean and SD. Effects of training
on the principal dependent variables (VO 2mm , resting HR,
resting systolic BP, and resting diastolic BP) were analyzed
using two-way ANOVA, one factor being time (with two
levels: before and after) and the other being treatment (with
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TABLE 2. Subject characteristics.

Age (yr) Height (cm) Mass (kg) BMI (kg.m -2) % Body Fat

Control
Pretest (N= 13) 22 ± 3 168 ± 8 67.7 ± 13.1 23.9 ± 3.9 16.5 ± 8.5
Posttest (N = 13) 168 + 9 67.4 ± 12.7 23.9 ± 3.8 15.9 + 8.0

Moderate
Pretest (N= 14) 23 ± 4 167 + 8 67.4 + 11.7 24.0 ± 3.3 21.5 ± 5.5
Posttest (N= 14) 167 ± 8 67.8 ± 11.3 24.0 ± 2.9 20.6 ± 7.0

Vigorous
Pretest (N = 15) 22 ± 4 168 ± 6 71.9 ± 14.7 25.4 ± 5.1 20.9 ± 10.5
Posttest (N = 15) 168 ± 9 71.7 ± 15.2 25.4 + 5.4 19.1 ± 10.4

Near-maximal
Pretest (N= 13) 21 ± 1 168 ± 8 67.6 ± 13.9 23.8 ± 3.4 16.7 ± 5.7
Posttest (N = 13) 168 ± 8 66.4 ± 14.9 23.4 ± 3.8 16.0 ± 7.0

Values are presented as mean ± SD.

four levels corresponding to the four training groups); re-
peated measures were used on one factor (time). For sig-
nificant F-ratios, a post hoc Turkey's test was used to
determine which group means differed from each other. To
evaluate percent changes in variables, a one-way ANOVA
with post hoc Tukey's test was used. One-way ANOVA
was also used to determine whether the work performed on
the bike ergometers during any given week was different
between the three training groups, and whether the physical
activity performed outside of the study during any given
week was different between the four subject groups. For
all tests, statistical significance was set at an alpha level of
0.05.

RESULTS

Subjects. The baseline descriptive characteristics of the
subjects are presented in Table 2. Although the inclusion
criterion for age was 18-44 yr, the actual age range was
18-31 yr. Each group contained similar numbers of male
and female subjects: control (8 females, 5 males), moderate
(9 females, 5 males), vigorous (10 females, 5 males), and
near-maximal (9 females, 4 males). There were no

significant differences observed at baseline between any of
the groups for age, height, mass, BMI, or percent body fat.
Further, there were no significant changes for any of the
anthropometric variables after training.

Of the 55 participants who completed the study, all

attended at least 90% of the training sessions: moderate
(93.8 ± 2.8%), vigorous (93.3 ± 2.3%), and near-maximal
(94.4 ± 4.5%). There was no significant difference in ad-
herence across groups. Participants in each group achieved
the prescribed exercise intensity. The moderate-intensity
group achieved a mean HRR of 50.3 + 0.5%; the vigorous-
intensity group, 74.4 ± 1.0%; the near-maximal-intensity

group, 92.1 + 4.0% during the work interval and 51.5 +
1.5% during the recovery interval.

Within each week of training, there was no difference
in the work performed on the ergometer by the three train-
ing groups. Results for weeks 1, 3, and 6 are as follows.
Week 1: 346 ± 158 kJ, moderate-intensity group; 345 +

199 kJ, vigorous-intensity group; 320 ± 145 kJ, near-
maximal-intensity group (P = 0.90). Week 3: 972 ± 546 kJ,
moderate-intensity group; 949 ± 404 kJ, vigorous-intensity
group; 1008 + 317 kJ, near-maximal-intensity group (P =
0.94). Week 6: 1034 ± 449 kJ, moderate-intensity group;
1017 ± 321 kJ, vigorous-intensity group; 1032 ± 385 kJ,
near-maximal-intensity group (P = 0.99).

Complete logs of outside physical activity were available
from 13 subjects in the control group and 10 subjects each
in the three training groups. Data were analyzed for weeks
1, 3, and 6, and there were no differences between the four
subject groups. Week 1:15.3 ± 11.9 MET.h, control group;
10.6 ± 10.1 MET'h, moderate-intensity group; 11.6 + 19.4
MET.h, vigorous-intensity group; 25.0 ± 23.7 MET-h, near-
maximal-intensity group (P = 0.23). Week 3:15.6 ± 12.9
MET'h, control group; 14.0 ± 10.6 MET'h, moderate-
intensity group; 14.0 ± 15.1 MET-h, vigorous-intensity
group; 23.4 ± 26.1 MET.h, near-maximal-intensity group
(P = 0.55). Week 6: 7.1 ± 8.2 MET.h, control group; 11.2 +

11.7 MET'h, moderate-intensity group; 6.0 ± 7.4 MET.h,

vigorous-intensity group; 17.7 ± 20.8 MET.h, near-maximal-
intensity group (P = 0.17). Although a very slight trend for

greater physical activity by the near-maximal-intensity group
was observed, this did not reach statistical significance due
to the large variation between individuals, with some sub-
jects in each group having no physical activity and others
having high amounts.

Aerobic capacity. VO 2max significantly increased in
all three exercise groups, as seen in Table 3. The initial

TABLE 3. Changes in VO2ma, (mL-min-1kg-1) after the 6-wk training protocol.

Intensity Group Initial V02max Final VO2 ma, Net Change in VO2 ma, Initial RERm.x Final RERma,

Moderate 35.3 ± 7.9 38.7 ± 9.1 +3.4 ± 3.9t 1.20 ± 0.09 1.17 ± 0.04
Vigorous 33.6 ± 9.0* 38.4 ± 10.7 +4.8 ± 3.2a-t 1.20 ± 0.07 1.17 + 0.05
Near-maximal 35.7 ± 6.2 42.9 ± 7.3 +7.2 ± 4.33"-t 1.17 ± 0.05 1.18 ± 0.04
Control 37.7 ± 8.7 38.4 ± 10.7 +0.7 ± 3.8 1.18 ± 0.03 1.19 ± 0.05

Significantly lower than control at baseline using two-way ANOVA (P < 0.05).
tSignificant increase versus baseline using two-way ANOVA (P < 0.05).
a Significantly greater increase than control group using two-way ANOVA (P < 0.05).

Significantly greater increase than moderate group using two-way ANOVA (P < 0.05).
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V02ma'x for the vigorous-intensity group was significantly
lower than the control group. To control for baseline values,
percent changes in V02max were analyzed by one-way
ANOVA. As shown in Figure 1, there were significant per-
cent increases in the moderate- (10.0%), the vigorous-
(14.3%), and the near-maximal-intensity (20.6%) groups
versus baseline. Percent increases in VO2max for each group
were all significantly different from each other.

Resting HR and BP. There were no significant
differences in the baseline resting HR between moderate
(67 ± 6 bpm), vigorous (66 + 10 bpm), near-maximal (64 +
8 bpm), and control (67 ± 12 bpm) groups. There were no
differences after training: moderate (67 + 10 bpm), vigorous
(66 + 11 bpm), near-maximal (65 + 10 bpm), and control
(67 + 9 bpm).

There were no significant differences in the baseline
systolic BP between moderate (107 ± 13 mm Hg), vigorous
(111 + 12 mm Hg), near-maximal (106 + 12 mm Hg), and
control (109 + 14 mm Hg) groups. There were no dif-
ferences after training: moderate (108 + 13 mm Hg), vig-
orous (112 ± 10 mm Hg), near-maximal (108 ± 13 mm Hg),
and control (106 ± 12 mm Hg). Similarly, there were no
significant differences in baseline diastolic BP between
moderate (64 + 6 mm Hg), vigorous (70 + 9 mm Hg), near-
maximal (64 ± 7 mm Hg), and control (63 + 5 mm Hg)
groups. There were no differences after training: moderate
(66 + 6 mm Hg), vigorous (69 + 6 mm Hg), near-maximal
(62 ± 6 mm Hg), and control (63 + 6 mm Hg).

DISCUSSION

The main finding of the study was that higher intensities of
exercise elicit greater improvements in VO2max than lower
intensities of exercise over a 4- to 6-wk training period in
healthy, young adults. This finding is consistent with the
original hypothesis.. Unlike V02max, there were no changes
observed in resting HR and resting BP after training.

**
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**
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Moderate Vigorous Near-maximal

FIGURE 1-Percent changes (mean ± SE) in V0 2 m. after training.
*Significantly different from baseline (P < 0.05). **Significant differ-

ence between groups (P < 0.05).

A major strength of this study was the control of total
volume of exercise between training groups. Each group
performed the same amount of exercise based on V02R
or HRR, which was expressed as ATU. This is a better
means of matching exercise volume than matching based on
energy expenditure per se because each subject in this study
performed the same amount of exercise relative to his or
her aerobic capacity. On the other hand, if each subject had
been asked to expend a set number of kilocalories per
week, then this would have been a greater relative chal-
lenge for the lesser-fit subjects than the higher-fit subjects.
Nonetheless, although exercise volume was matched using
ATU, each group performed the same amount of external
work per week, given that the mean VO2max values at
baseline were similar. The average external work in the sixth
week of training, -1000 kJ, translates to approximately 1000
kcal of energy expenditure, given 4.186 kJ.kcal-1 and
assuming a human efficiency of -24%. The actual caloric
cost of the exercise would be somewhat higher than this
value, given friction in the drive train of the ergometer and
the energy cost of spinning the legs.

Aerobic capacity. The ACSM currently recommends
20 to 60 min of exercise performed at 40/50-85% HRR
or VO 2R for most adults, where 40% is considered a
threshold level for deconditioned individuals and 50% is a
threshold for average adults (2). There has been previous
evidence suggesting that exercise of a higher intensity
will result in greater gains in cardiovascular fitness (32,33).
However, only a few reports included a sufficient number
of subjects to confirm that groups training at higher in-
tensities experienced significantly greater increases in
VO2max than groups training at lower intensities when
the total volume of exercise was controlled. In this study,
each of the exercising groups experienced a significant
absolute increase in VO 2max versus baseline values, and the
absolute increase in the near-maximal-intensity group was
significantly greater than that in the moderate-intensity
group. Moreover, when the increases in V02max were ex-
pressed as percent changes, the response in each intensity
group was significantly greater than that in the lower-
intensity groups.

This study is unusual in including a group that exer-
cised with intervals at an intensity that approached VO2max.

Such intervals have been included in training programs
as early as 1977, when Hickson et al. (17) reported a 44%
increase in VO2,max after 10 wk of training that consisted
of six 5-min intervals of bicycling at VO 2max on 3 d-wk-1
plus 40 min of vigorous running on 3 d'wk-l. However,
Hickson et al. (17) did not compare this training program
with any other. Three recent studies have compared high-
intensity interval training with lower-intensity continuous
training in cardiac patients with total work controlled
(27,37,38). Significantly greater benefits were found in the
interval group than the continuous group for VO2max (27,38),
ventilatory threshold and treadmill time to exhaustion (37),
and left ventricular performance (38).
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A study recently published by Helgerud et al. (16) exam-
ined the effects of 8 wk of aerobic endurance training at
various exercise intensities in healthy, young-adult males.
Groups performed running at a moderate-intensity (70%
HRmax for 45 rmin each session), vigorous-intensity (85%
HRmax for -24 min per session), and two maximal-intensity
interval training regimens that both alternated 90-95%
HRna,, with 70% HR,ax, one using multiple 15-s intervals
and one using four 4-min intervals. Both interval training
groups significantly increased V02,nax, whereas neither
continuous training group did. Using a previously published
formula (32), the moderate- and vigorous-intensity groups
of Helgerud et al. (16) were exercising at -47% and -72%
HRR, respectively, which are comparable to the current
study. The failure of the continuous training groups of
Helgerud et al. (16) to increase VO2,a, was pro-
bably due to their high baseline fitness, which averaged
58 mLmin1--kg-1. Esfarjani and Laursen (11) recently
compared interval training at VO2,,ax with continuous
training at 75% HRR in male runners. As in the study of
Helgerud et al. (16), the subjects' baseline V0 2n.iax was
greater than 50 mL-minm'-kg-', and only the interval group
increased VO2max. Both of these studies differed from the
current study in the population (only males vs both males
and females; high vs average fitness) and the mode of
exercise (running vs cycling).

It should be noted that although interval training groups
spend some of their training time at a very high intensity, a
similar amount of time is spent at a lower intensity, and
therefore the mean intensity of training may not be any
higher than that of a continuous training program. In the
current study, the interval training group used 5 min
each for the work and the recovery phases of the intervals
and had an average intensity of 72% HRR, which is slightly
less than the 75% HRR of the vigorous group. The work-
recovery periods of Helgerud et al. (16) were 4 min at
-93% HR,,,,, and 3 min at 70% HRm.ax, for a mean intensity
of 83% HR,,,ax in the interval group, whereas one of the
continuous groups used 85% HRnax.. Warburton et al. (37)
used 2 min at 90% HRR and 2 min at 40% HRR for the
work and the recovery phases, yielding a mean intensity of
65% HRR in the interval group, and had the continuous
training group use 65% HRR. Wisloff et al. (38) used 4-min
work phases at -93% HRmnx and 3-min recovery phases
at 60% HRlZmax, for a mean intensity of 79% HR,,,a.. in the
interval group, and used -73% HRna.. in the continuous
training group. Despite the similarity of mean intensity
between the interval and the continuous training groups, the
interval groups in all of these studies experienced greater
improvements in aerobic fitness after training. Therefore,
although intensity is a key variable in cardiorespiratory
training (as shown by comparing the two continuous train-
ing groups in this study), the mean intensity may not be as
important as the highest intensity that is used for a sig-
nificant portion of the training. A topic for future research
is to determine what portion of training should be done at

high intensities and using what work-recovery periods to
obtain the greatest results.

Interval training has been used previously with elderly
female cardiac patients (27,38), but the current study ap-
pears to be the first to compare the effectiveness of inter-
val training and continuous training among healthy females.
Accordingly, a post hoc analysis was performed to deter-
mine the results in the female subjects alone. VO2max

increased 15.5% among females in the near-maximal-
intensity interval group, 13.6% in the vigorous-intensity
group, and 8.0% in the moderate-intensity group. All in-
creases were significant, and the interval group's increase
was significantly greater than the moderate-intensity
group's increase. A similar trend for greater increases in
VO2max among men in the higher-intensity groups was ob-
served, but it did not reach significance (P = 0.13 for one-
way ANOVA on percent changes) due to the relatively low
number of men (4-5 per group vs 8-10 women per group).

Resting HR and BP. Endurance-trained subjects are
known to have a significant resting bradycardia (29). How-
ever, only a few studies have examined the role of train-
ing intensity in lowering resting HR. In studies that have
controlled total exercise volume in two groups training at
different intensities, two found no change in resting HR in
either group (13,35), two found similar decreases in both
groups (5,22), and one found that women, but not men, in
the higher-intensity group decreased resting HR, whereas
neither women nor men did in the lower-intensity group
(24). In the current study, there was no significant change
for any of the exercising groups. This is likely attributed
to the fact that the subjects were young, healthy, and had
a low resting HR at baseline (-66 bpm). A greater duration
of training may be needed to elicit the magnitude of
bradycardia exhibited by athletes.

The ACSM's position stand on exercise and hyperten-
sion concluded that aerobic training reduces resting BP and
that there is no intensity effect (26). However, clinical trials
that have compared more than one intensity of training
while controlling total volume generally support a greater
decrease with higher intensities. Specifically, four of five
such studies found a decrease in diastolic BP only in the
higher-intensity group (3,19,24,35); one found a greater
decrease in systolic BP in the higher-intensity group (24),
and one found similar decreases in both systolic and dias-
tolic BP in both groups (5). The current study found that
none of the training groups, regardless of intensity, ex-
perienced a significant decrease in either systolic or
diastolic BP at rest. This lack of effect was likely dependent
on the fact that the subjects were young, healthy, and had a
low resting BP at baseline (-108/65 mm Hg).

CONCLUSIONS

These results indicate that when exercise volume is con-
trolled, vigorous-intensity exercise is more effective for im-
proving VO2m..ax than moderate-intensity exercise in a
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healthy adult population at low risk for cardiovascular dis-
ease. Furthermore, the most effective training was interval
exercise performed at near-maximal intensity. This study
contributes to a growing body of evidence concerning the
beneficial effects of higher-intensity exercise for improve-
ments in 'VOjmax, as well as potential benefits for cardio-
vascular health (33).

One concern with higher-intensity exercise is the possi-
bility of poor adherence or "burnout." In the current study,
vigorous-intensity training was performed for 5 wk, and
interval training was performed for only 4 wk, with excel-
lent compliance. Of course, subjects were supervised and
received incentives for completing the study. Nonetheless, no
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