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ABSTRACT 

Horlitz, S.E. T l~e  acute physiological effects of interval versus steady-state exercise. MS 
in Clinical Exercise Physiology, December 2010, 47pp. (J. Porcari) 

This stucly was designed to evaluate the exercise intensity and energy expenditure of 
interval exercise colnpared to steady-state exercise on a cycle ergometer. Fourteen 
subjects completed a VOzlnax test on a cycle ergometer to determine their aerobic 
capacity. Subjects then completed an interval ride and a steady-state ride. Tlle interval 
ride alternated one minute of high-intensity cycling at 90% of lnaxinlal power output 
followed by one millute of active rest for 20 minutes. The steady-state ride consisted of 
20 min~~tes  of exercise at 90% of the subject's veiltilatory threshold (VT). Total work 
was matched between conditions. Oxygen consuinption (V02), heart rate (HR), lactate, 
and RPE values were measured. After completion of both trials, a post-exercise 
q~~estionnaire was administered. No significant difference (p<.05) was fo~md in HR 
between the rides (142 i- 14.9 vs. 145 =k 13.7). There were significant differences 
between the interval ride vs. steady-state ride for VO2 (31.2 & 6.05 vs. 29.9 * 5.97), 
lactate (4.8 i 2.19 vs. 2.1 * 1.64), and RPE (5.6 * 1.3 vs. 3.8 5.83). Interval exercise 
elicits 9% higher energy expenditure than steady-state exercise and may be an effective 
way to obtain cardiovascular benefits for individuals with limited time. 
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INTRODUCTION 

llterval training is a technique used in a variety of health and fitness settings. It 

can be seen at the gym as part of a cycling class, on the traclc where athletes are r~uvling 

sprints, or even in a rehabilitation center as patients perform a bilce worltout alternating 

pedaling fast and slow. High-intensity interval training (HIT) is a term co~nmonly used 

to describe intervals. HIT refers to repeated sessions of relatively brief intermittent 

exercise, often performed at an intensity close to V02max (5). These intervals may last 

from a few seconds to a few minutes. Evidence suggests using HIT can cause increases 

in muscular endurance, VOzmax, and anaerobic ~netabolism (2,3, 5, 7, 8, 11, 13, 14). 

Many studies have found an increase in cardiovascular endurance following an 

interval training program (3, 5, 11). A group in Japan performed an experinlent using 

interval training in rats (1 1). One group swan continuously for G hours and the other 

group colnpleted high-intensity intervals for a total of 4 ?4 minutes. Both groups showed 

comparable molecular changes in the muscle, which illustrate increased endurance. 

Similar zrnoleculslr changes were also observed in l~uman subjects following a cycling 

program (5). One group bilced at a sustained rate for 90 to 120 minutes and the other 

group completed higll intensity intervals for a total of 2-3 ~ n i n ~ ~ t e s  of exercise. Another 

st~tdy found that an increase in endurance can be detected in as few as six interval 

sessions (3). Burgomaster et al. (3) found that after as few as 2 weelcs of high-intensity 

intervals, subjects were able to more than double their endura~ce compared to a colltrol 

group. 



I11 addition to increasing cardiovascular endurance, HIT has been shown to 

improve VOzmax (2, 3, 5, 7, 8, 10-12). Gorostiaga et al. (7) conducted a study in 1991 

which found an 11-1 6% increase in VOzmax following 8 weelts of interval cycling. A 

continuous training group did not improve VOzmax despite the fact that both groups 

completed the sane  amount of total work. A study by Helegmd et al. (8) also studied the 

effect of different training intensities on VOzmax. They tested four different exercise 

groups, including long slow distance running, lactate tlresllold running, and two different 

types of intervals, over a 6-week training program. They found that both modes of 

interval training resulted in a significantly greater increase in V02max compared to the 

other two groups. 

Several studies have also observed increases in fat metabolism when using HIT 

(3,9, 13). Research by Burgo~naster et al. (3) found that interval training results in an 

increase in nluscle oxidative potential and mitochondria1 activity, which both contribute 

to overall inetabolis~n (3). Similar results were shown by Talanian et al. (13) who also 

detected an increased fat oxidation and mitochondrial enzyme activity during interval 

training coinpared to steady-state exercise. They fould that woinen were able to burn 

36% inore fat when performing cycling intervals conlpared to exercise at a moderate pace 

for 1 hour (4, 13). 

Interval training may be a valuable training tool for the health and fitness world. 

Since obesity rates are on the rise and cardiovascular disease continues to be one of the 

top causes of death in the U.S., weight loss and exercise are becoming Inore and more 

important. There are lnnny reasons people do not exercise on a regular basis. Laclc of 

tinle is listed as the major reason that many people do not participate in an exercise 
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program (6). HIT may be a beneficial alternative to endurance training because similar 

benefits may be gained in a fraction of the time. In addition, many Americans look for 

the quicltest and easiest way to lose weight. With scientific data supporting that interval 

training burns more fat than endurance exercise, this may malce interval training more 

desirable than continuous exercise (3, 10, 13). Along with increased metabolism and 

time efficiency, people tend to struggle with adherence; it is important to find a fitness 

plan they can sticlc with. Some data suggest that there is a higher level of adherence to 

interval training than steady-state (9). 

For the most part, research on this topic has focused on the benefits of intervals 

over a relatively long period of time. The aiin of this study is to examine the acute 

physiological effects of interval training versus a steady-state exercise, including total 

calorie expenditure, ratings of perceived exertion (WE), and overall e~ljoy~nent. 

METHODS 

Subjects. The subjects in this study were 14 apparently healthy individuals (eight 

males and six females). All subjects were regular exercisers who met the American 

College of Sports Medicine (ACSM) recommendations for physical activity. ACSM 

recolnmcnds that individuals participate in at least 30 minutes of moderate physical 

activity 5 days each week or 20 minutes of vigorous activity 3 days per week (1). 

Protocol. Prior to the study, approval from the Institution Review Board Lor the 

Protection of Human Subjects at the University of Wisconsin La Crosse was obtained. 

Each subject provided written informed consent prior to testing (Appendix A). Initially, 

each subject performed a maximal cycle ergoineter test lo determine their maximal heart 



rate and maximum oxygen uptalte (VOzmax). Following a warm-up, subjects began 

pedaling at 25 W. Every 2 minutes the worldoad increased by 25 W until the subject 

reached volitional exhaustion. During the VO2inax test, the subjects' ventilatory 

threshold (VT) and maximnun power output (PO) were obtained. VT was determined 

using the V-slope method. This data assisted in calculating appropriate worlc levels for 

the subjects' during their subsequent rides. 

Followiilg the preliminary VOzmax test, each subject completed two trials on a 

cycle ergometer in random order. One ride was a steady-state ride and the other an 

interval ride. The steady-state ride began with a 5-minute warm-up. Each subject then 

completed 20 minutes of exercise at a worlc load corresponding to approximately 90% of 

their VT. The trial ended with a 5-minute cool-down. 

The interval trial began with a 5-minute warln-up, followed by 20 minutes of 

intervals. The intervals were at a ratio of 1 : 1. This ratio refers to 1 lniilute of high- 

intensity exercise and 1 minute of active rest. The high intensity segment was at a power 

output corresponding to 90% of the subject's maximal power output. The active rest 

segment was set at a power output which allowed the surnlilated total PO (watts) to be 

equal to the PO of the steady-state ride. Half of the subjects completed the steady-state 

ride first and the other half completed the interval ride first. A minimum rest period of 72 

hours was set between trials to enstre subjects had completely recovered from their 

previous test. 

For all testing VOz was continuously monitored using an AEI metabolic cart 

(Pittsburg, PA). Heart rate was acquired every minute using a Polar heart rate monitor. 



Lactate levels was obtained every 5 ~ninutes using a finger prick method uld a Nova 

Biomedical Lactate Plns blood lactate a~alyzer (Walthun, MA). Ratings of perceived 

exertion (WE) were collected every 5 minutes using the 1-10 Borg scale. 

Energy expenditure was calculated from the metabolic and blood lactate data. 

Aerobic energy expenditure (lccals) were calculated by converting VOz (ml/lcg/inin) to 

absolute oxygen col~sumptiol~ (L/Oz) lnultiplied by 5 to e q ~ ~ a l  ltcals. The anaerobic 

energy expendit~re was determined by converting the change in lactate levels to an 

oxygen equivalent value of 3 mlkg, which was also converted to lccals (14). The aerobic 

and anaerobic values were added together to set total calorie expenditure per minute and 

for the total 20-millute worltout. 

Upon co~npletion of both trials, each subject completed a post-exercise questioil 

questionnaire. This q~~estionnaire aslted subjects about which exercise they preferred, 

which they would more lilcely adhere to, and which would be t11e most effective in 

influencing the length of their worko~~ts. 

Statistical Analysis. Descriptive statistics were used to calculate the ineans and 

standard deviations for the data collected. Paired samples t-tests were used to compare 

I-IR, V02, W E ,  lactate, and energy expenditure for the interval ride and steady-state ride. 

Alpha was set at .05 to achieve statistical significance. 

RESULTS 

Tl~e  descriptive characteristics of the subjects are displayed in Table 1. There was 

no significant difference in age between rnales and females. However, as expected, 



males were significantly taller and weighed more than females. Males also had a higher 

liiaxilnal heart rate, oxygen consumnption, and power output than females. 

Table 1. Descriptive characteristics of the subject population (N=14). 

Gender Females (8) Males (6) 

Age (years) 23.1 * .84 24.2 i 1.60 

Height (cm) 65.9 + 2.10 70.8 * 2.14* 

Weight (kg) 66.0 * 6.98 86.8 * 15.59* 

Heart Rate Max (bpm) 168 i 12.8 1 8 2 i  12.6* 

V02max (ml/kg/inin) 39.3 i 8.82 52.1 i 8.60* 

Power Output (watts) 218.8+ 53.03 327.5 + 19.69* 

":dicates a significant difference between females and males (p<0.05). 

The physiological responses to the steady-state and interval rides on the cycle 

ergometer are summarized in Table 2 and graphically presented in Figures 1-4. Overall, 

there were no differences found between the interval and steady-state rides for absolute 

heart rate, % ol: HFbnax, or resting lactate values. The interval ride did elicit higher 

average VOz levels, RF'E, and lactate levels compared to the steady-state bout. Total 

calorie expenditure was 9% higher d~uing the interval ride but, this was not statistically 

significant (p=.06). 



Table 2. Exercise responses to the steady-state and interval trials on the cycle ergometer. 

Category Steady-State 
Xi SD 

I-Ieart Rate (bpm) 

% HRmax 

VOz (mlIkg1111in) 

% VO~lnax 68 k 12.0 

RPE 3.8 Zt .83 

Resting Lactate (mmoles) 1.5 + .76 

Exercise Lactate (~lxnoles) 2.1 11.64 

Recovery Lactate (mmoles) 2.7 k 1.32 5.8 A 2.86* 

Total Iccals 292 * 29.4 310Zt25.1 

*Lndicates a significant difference between steady-state and interval ride (p <0.05). 

The heart rate response of the subjects for both the interval and steady-state rides 

are presented in Figure 1. The interval ride elicited pronounced rises and falls in heart 

rate each minute as the power output changed. There was no significant difference in the 

warm-up and cool-down heart rates between the two rides. 



Heart Rate 

Time (min) 

Fig~ue 1. Heart rate responses during tlie interval and steady-state rides. 

Figure 2 displays oxygen cons~u~iption (V02) througho~~t both 30-minute 

worko~its. Similarly to the heart rate response, the interval VOz displays pronounced 

rises and falls each minute, with a change in power output (watts). There was no 

significant difFerence in the V02 values d ~ r i n g  the warm-up or cool-down between 

conditions. 
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Figure 2. Oxygen consumption responses during the interval and steady-state rides 

The lactate levels during the steady-state and interval rides are presented in T'g '1 ure 

3. Lactate levels were talcen at rest, after the warln-up, every 4 ininutes during the 

worlco~~t, and aiier the cool-down. No differences were fo~uid in tlie resting lactate values 

between conditions. A larger rise in lactate levels in the interval ride was evident as early 

as 4 minutes into the worltout. The interval had significantly higher lactate values 

throughout the duratioil of the ride and t l~e  cool-down compared to the steady-state ride. 



Blood Lactate 

Time (min) 

Figure 3. Blood lactate levels d~wing interval and steady-state rides. 

Tlirougho~~t each ride, subjects were aslced to rate the level of difficulty using the 

Borg's 1-10 scale. Subjects reported their WE after the 5 mii l~~te warin-up, every 4 

~lliii~rtes in tlie worlto~~t, and after the cool-down. Figure 4 displays W E  values during 

both tlie interval a i d  steady-state rides. RPEs after the warm-up were tlie same, however 

during the worlco~tts, the interval ride showed significantly higher ratings tliai during tlie 

steady-state condition. 
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Figure 4. Ratings of perceived exertion (WE) during the interval and steady-state rides. 

Upon conlpletion of both trials, subjects filled out a post-exercise questionnaire. 

Question 1 aslted, "Which exercise did you prefer?'Subjects were then aslced to circle 

the interval ride or steady-state ride. Nine out of 14 (64%) subjects preferred the interval 

ride over the steady-state ride. Questioils 2 through 5 were answered using a Lilterl scare 

with a rating of "1" being "not at all enjoyableleffective" and a rating of "10" being 

"highly enjoyable/effective." Questions 2 and 3 aslted "How elljoyable was your steady- 

state ride / interval ride." No difference was fo~uld in the overall enjoyment of each ride 

expressed in average ra~zkings of 5.8+2.05 and 5.7k1.64 for the steady-state and interval 

ride, respectively. Questions 4 and 5 aslted, "How effective would the interval 

ridelsteady-state ride be in influencing how often or how frequently you exercise." 
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Neither ride was found to infl~tence the frequency of exercise more than the other ride, 

with average ranlciiig of 6.0*1.84 and 5.4*1.95 for the interval and steady-state rides, 

respectively. The last question aslted "Which exercise would be inore liltely to extend 

the lengtl~ of your worltout." Ten out of 14 (71%) subjects said that the steady-state ride 

would be more lilcely to extend the length of their worltout. 

DISCUSSION 

The purpose of this study was to investigate the acute effects of interval training 

versus steady-state exercise on energy expenditure, RPE, and overall enjoyment. The 

study was designed so that the sane total amount of work was completed during each 

worltout. It was found that interval training resulted in 4% higher levels of oxygen 

cons~unption conlpared to the steady-state exercise (3 1.2 vs. 29.9 mlkgimin, 

respectively). In addition, lactate levels measured during the interval ride were more than 

do~~b le  those during the steady-state ride, signifying an ii~creased role of the anaerobic 

energy systems. To calculate energy expenditure, a V02 equivalent of lactate was added 

to the V02 values recorded during exercise to account for tlie anaerobic energy 

expenditure (14). Total caloric expenditure was then calculated from the V 0 2  data. 

When this was done, total caloric expenditure for the 20-inin~~te interval worlcout was 9% 

higher than the steady-state worlcout (3 10 vs. 292 ltcals). 

The concept of adding in tlie anaerobic energy expendit~u-e comes from the work 

of Margaraia et al. ( I  1) and Di Pranipero et al. (4), who found that high intensity exercise 

leads to a higher production of lactic acid. They deternliiied that using only aerobic 

metabolic data can significantly underestimate total energy expendit~re during high 



intensity exercise (i.e. interval training), thus the VOZ equivalent of anaerobic exercise 

must be added in. Scott et al. (14) determined the VOz equivalent to be 3 mllltglmin per 

each millimole of lactate produced during exercise, which was the value used in the 

current study. 

ACSM (1) guidelines recommend that individuals should expend at least 300 

ltcals per session of exercise. Because interval training burned 9% more calories d~uing 

only a 20-min~~te worliout, individuals can meet this criteria more rapidly than during 

steady-state exercise. Since time has always been a factor affecting the liltelihood of 

participating in exercise for marly individuals, the use of interval exercise is a favorable 

option for those with time constraints. 

Exercise adherence is also a11 obstacle for many individuals. The present study 

s~uveyed the overall elljoylnent of exercise by administering a post-exercise 

questionnaire to subjects. Although, neither the steady-state nor the interval ride was 

found to be more enjoyable than the other, 64% of subjects preferred the interval ride to 

the steady-state ride. Thus, adding variety to an exercise regime may contribute to 

adherence. 

Conversely, when completing a longer worliout, subjects indicated steady-state 

exercise would be preferred. Seventy-one percent of subjects said that steady-state 

exercise would be more liltely to extend the length of their worltout. This may be a result 

of the higher intensity of interval exercise. The session RPE values were marltedly 

higher during the interval worlcout (5.6) coinpared to the steady-state bout (3.8). A rating 

of 3.8 for the steady-state ride corresponds to a "somewhat hard" intensity and a rating of 



5.6 for the interval ride corresponds with a ''hard" intensity when loolting at the verbal 

anchor points on the 1-10 Borg scale. Thus, for a shorter worlcout, a harder intensity may 

be satisfactory, but for individuals who have time for a longer worlcout, exercising at the 

lower intensity at a constant pace may be a better way to go. 

Previous studies have shown that interval training offer results in greater increases 

in V02max in a short period of time compared to continuous training (7, 8). The lcey 

factor in determining increases in VOzmax appears to be exercise intensity; the higher the 

exercise intensity, the greater the increase in aerobic capacity. In the current study, the 

average HR for the interval ride and steady-state ride were similar (145 vs. 142 bpm). 

However, during the 1 -minute high intensity intervals, HR averaged 89% of HRmax. 

Sin~ilarly, oxygen consumption d~uing the high-intensity portion of the interval ride was 

78% of VOzmax. Both of these indicate that subjects were well above their anaerobic 

thresholds during the high-intensity portions ofthe ride. Thus, this could serve to explain 

why high-intensity interval trailring results in greater increases in aerobic capacity 

compared to traditional aerobic training at a constant pace, which is typically conducted 

at an intensity below the anaerobic threshold. 



CONCLUSION 

This study fonnd that interval training burned 9% more calories per sessioil 

compared to steady-state exercise, despite an identical total work output. Additionally, it 

was preferred over steady-state exercise in a majority of individuals, even though it 

elicited higher W E  values. Because of the many time constraints individuals encounter 

on a daily basis, interval training may be a favorable option for iildividuals who want to 

achieve ACSM's recommendations for exercise. 
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APPENDIX A 

WFORMED CONSENT 



Protocol Title: Acute Pl~ysiological Effects of Interval Versus Steady-State Exercise 

Principal Investigator: Sarah Horlitz 
2817 Lakeshore Dr #I 
La Crosse, WI 54603 
(507) 358-1100 
horlitz.sara@,students.uwlax.edu 

Emergency Contact: Dr. John Porcari 
133 Mitchell Hall 
608-785-8684 

Purpose and Procedures 

The purpose of iliis study is to determine the calories burned, perceived intensity 
of exercise, and overall enjoyment durmg interval training compared to 
conti~iuous exercise. 

My participation will involve three cycle tests. The first will involve cycling at 
increasing speeds to maximal effort. The second will involve 30 minutes of 
inoderate intensity cycling, iilcluding a 5 minute warm-up and 5 minute cool- 
down. Tlie third will involve cycling at a high-intensity alternated with low- 
intensity for 20 minutes, at the same average worlcload, also including 5 nlinute 
warm-up and cool-down. 
My participation will require approxiinately 3 hours over a course of 2-3 weeks. 
During the tests, I will wear a snorkel-lilte device to ailalyze my breathing and a 
heart-rate monitor around my chest. 

Tl~roughout ihe three tests, I will have my finger priclced by a lancet, aid the 
blood will be examined by a blood lactate analyzer every 4 minuies. 

* Testing will talce place in Mitchell Hall room 225, UWL. 

Potential Rislts 

I lnay experience respiratoly and muscular fatigue during each trial 

Muscle soreness may occ~u  after each trial. 
First aid and individuals trained in CPR will be present during each trial. If aiy 
colnplicatioils occur, the test will be terininated. 
The risks of serious or life-tlreatening conlplications are very rare for an active 
and healtliy individ~~al, like me. 

Rights and Confidentiality 

Participation is voluntary. 
I am able to withdraw at anytime, with no penalty. 



All personal performa~ce information is kept confidential. Data collected will be 
used anonymously. 
Results of this study may be published in a sciel~tific journal. Only grouped data 
will be used. 

Possible Benefits 

My participation may help determine the acute effects of interval training and 
steady-state exercise. These res~dts may help researchers, athletes, and health 
professionals tuldersta~d more about various training methods. 

Questions regarding these proced~lres may be directed towards the principal investigator, 
Sara11 Horlitz, or study advisor, John Porcari. Questiolls about the protection of l~uinan 
subjects inay be address to the UWL Institutional Review Board for the Protection of 
Hunlai S~~bjects (608-785-8124 or irb@,uwlax.edu). 

Participant: Date: 

Researcher: Date: 
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POST-EXERCISE QUESTIONNAIRE 



POST-EXERCISE QUESTIONNAIRE 

Circle the answer that most accurately describes your interval ride and steady-state ride 
on the cycle ergometer. 

1. Which exercise did you prefer (circle one)? 

Steady-state ride Interval Ride 

2. I-Iow enjoyable was your steady-state ride? 

Not at all enjoyable Enjoyable Highly Enjoyable 

3. How enjoyable was your interval ride? 

Not at all enjoyable Enjoyable Highly Enjoyable 

4. How effective would the interval ride be in influenciilg how often or how 

frequei~tly you exercise? 

Not at all effective Effective Very Effective 

5. How effective would the steady-state ride be in influencing how often or how 
frequently you exercise? 

Not at all effective Effective Very Effective 

6. Which exercise would be inore likely to extend the length of your worltout time? 

Steady-state ride Illterval Ride 
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RATING OF PERCIEVED EXERTION 

DESCRIPTION 

Complete rest 

Very, very easy 

Easy 

Moderate 

Somewhat hard 

I-Iard 

Very hard 

Extremely hard (almost maximal) 

Exl~austio~~ 

Source: Adapted from Borg, G., Hassmen, P., & Lagerstroin, M. 1987. Perceived 
exertion relation to heart rate a ~ d  blood lactate d~iriilg arm aid  leg exercise. European 
Journal o m p l i e d  Physiology 56 (6), 679-85. 
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REVIEW OF LITERATURE 

Physical fitness is an important asset to overall health. It is a well-laown fact that 

exercise contributes to cardiovascular health, weight management, and mental wellness. 

The American College of Sports Medicine (ACSM) recommends that individuals 

participate in regular physical activity for at least 30 iniilutes a day, 5 days a week at 

moderate intensity or 20 minutes, 3 days a week at a vigorous intensity (3). 

For many years, steady-state endurance training has been the recolninended way 

to achieve the most benefits from exercise. However, recently research has been loolting 

at the use of interval training to elicit similar benefits to endurance training. Interval 

training (IT) has been described as the combination of high-intensity and low-illtensity 

work used in a successive pattern. Lately, several research studies have focused on the 

effects of high-intensity interval training (HIT). HIT refers to repeated sessions of brief 

intermittent exercise often performed with an "all out" intensity close to that of VO2inax 

(7). These intervals may last anywhere from a few seconds to several minutes with 

periods of' rest in between. Many dilferent physiological factors have been monitored 

during interval training illcludiilg VOzmax, endurance, and metabolism (5, 7-1 1, 19, 21, 

24-26). 

Endurance and VOzmax. Maximal oxygen consumnption, or V021nax, is one of 

the best determinants of a person's overall fitness. This is defined as the maximuin 

capacity of the body to transport and utilize oxygen for energy production (23). VOzmax 

is measured by an iilcre~nental exercise test to the point 01 exhaustion. VO2max is the 



point in w l ~ i c l ~  the oxygen consumption plateaus, despite an increase in worltload (3). 

When studying the effects of exercise training, many researchers will administer a 

VOzmax test to provide preliminary information prior to beginning training. Information 

provided by a VOzmax test may include: maximum power output (Pornax), maximum 

heart rate (HRmax), ventilatory threshold (VT), maximal METs, and lactate threshold 

(LT). 

Gorstiaga et al. (9) studied the effects of interval training (IT) and continuous 

training (CT) on overall fitness over a period of 8 weelts. Twelve subjects were used in 

the study; six in each training group. Both groups participated in cycling for 30 minutes 

a day, 3 days per week, for 8 weelcs. The CT group cycled at 50% of their maximal 

worlcload continuously and the IT group completed intervals of 30 seconds of work 

alternated by 30 seconds of rest at 100% of maximal worltload. The researchers found 

that the IT group showed much higher increases in VOzmax, power output, and 

exercising work rates compared to the CT group. 

Helgerud (1 1) also studied the effects of training intensity on VOzmax. Forty 

healthy, male subjects were randomly assigned to one of four groups and completed an 8- 

week r ~ m i n g  program. The four different training groups were: long slow distance 

running (LSD), running at lactate tlreshold (LT), 15/15 intervals (47 repetitions of 15 

seconds of intervals at 95% of I-Ifinax and 15 seconds olactive rest at 70% HRmax), and 

4 x 4 interval group (four repetitions of 4 minutes at 90-95% Hknax  and 3 minutes 

active rest at 70% I-IRmax). Each training load was calculated to equate total work 

completed. VOzmax increased by 5.5% and 7.2% in the 15/15 and 4 x 4 interval running 

groups. There were no increases seen in either the LSD or the LT running groups. 
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There are several contributors to V02max including: the respiratory system, the 

circulatory system, and oxidative enzymes of the muscles. Exercise training plays a role 

in improving VOzmax by improving all of these factors. Respiration becomes more 

efficient, strolte volume (SV) increases, aid muscles adapt to better utilize oxygen when 

it is present (23). 

In the previously mentioned study by Helgerud's (1 I), significant increases in 

stroke volume of the heart o c c ~ ~ r e d  in both interval running groups. This shows that 

higher aerobic intensity leads to significant ilnprovements in SV compared to lower 

intensity. The product of SV and heart rate equate to cardiac o~rtput (CO), or the volume 

of blood pumped by the heart each minute. The greater the SV, the more efficient the 

CO. The close linlr found between SV and VOznlax in this study reiterates the role of 

the circulatory system in determining VOzmax (1 1,23). 

In addition to V02max, endurance is considered an excellent mmeasurement of 

fitness (7, 8, 10,20). Endurance is measured by the lengtl~ of time a particular aerobic 

actlvity can be maintained at a certain worltload before reaching fatigue. Gibala and 

associates (7) found that I-IIT dramatically improves exercise perrornlance and endurance 

in as little as 2 weelts. Subjects in this study participated in six sessions of high-intensity 

training over a 2-week period. At the end of the study, subjects were able to double the 

length of time they could exercise at a fixed worltload of 80% of VOzmax. A control 

group, which completed no training, sl~owed 1x0 increase in endurance. 

I-Iawley and colleagues (10) f o u d  an increase in VOzmax and improved time- 

trial performance after interval training in cyclists. Twenty competitive cyclists 



underwent a series of HIT. Prior to completing the training, they performed an 

incremental ride to exhaustion to determine their VOzmax and maximal power o~rtput 

(POinax). Each subject performed 6 to 12 sessions of HIT over 7 weeks. Each training 

session included six to iline 5 minute bouts of cycling at 80% of POmax, alternated with 

1 minute of rest. After four sessions, each subject underwent another incremental test to 

adjust their training intensity. It was found that after as few as four interval sessions, 

POmax increased an average of 15-20 watts and time-trial performance was improved by 

90-120 seconds. When retested after 12 HIT sessions, no further increases in either 

POmax or time-trial performance were observed. 

Endurance and fitness can also be measured on a cellular basis. Muscle biopsies 

allow researchers to examine enzyme activity and metabolic reactions in slteletal 

inuscles. Scientists at the National Institute of Health and Nutrition in Japan studied 

molecular changes of skeletal muscle in two groups of rats after swilllining (20). An 

endurance group of rats was placed in a pool of water to paddle for two sessions of 3 

hours. The interval group was weighted with a ballast and placed in the water to swim 

S~uiously for 20 seconds interchanged, with 10 seconds of rest. Tliis was repeated [or 14 

cycles. The elldurance training group completed a total o f6  hours of swimming, while 

the interval group completed a total of 4 54 minutes of exercise. Muscle biopsies rroin 

these rats showed comparable preliminary molecular changes, which implies similar 

endurance improvements in both groups. 

Gibala et al. (8) found similar results wl~en studying cellular changes in human 

nluscles. One group of six male subjects completed short, intense, 30-second bouts of 

exercise at an "all out" intensity, followed by 30 seconds of rest. Another group 
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performed continuous exercise. The first group completed approxiinately 9 minutes of 

exercise per week, wliile the other group completed about 5 hours. S~lbjects showed 

almost identical increases in endurance as determined by time trial performance on a 

stationary bilte. Muscle biopsies also showed almost identical improvements in the 

n~unber and size of the mitochoiidria within the muscle. These characteristics of the 

mitochondria are associated with fitness and endurance (8,20). These results signify that 

the benefits of end~~rance training may be achieved with interval training in a fraction of 

the time. 

Metabolism. Metabolism is a term that is used to explain a number of chemical 

reactions that take place within cells to maintain life. A considerable amount of research 

has been conducted on fat metabolism during interval training (5, 19,21,23-25). 

Exercise intensity is found to be one of the main factors determining the rate of fat 

metabolism and oxidation during exercise (21). 

Metabolic oxidation is iiiiportant because it aids in the bio-chemical reactions 

within cells. Oxygen is used to extract energy from carbohydrates, fat, and protein within 

the body and transforins it into ATP, the body's main fuel. When performing aerobic 

activity, metabolic oxidation is the optimal mode of energy production and is sustained 

during steady-state exercise, as long as there is adequate oxygen delivered to the body's 

tissues. Once anaerobic or high-intensity exercise occurs, oxygen demand increases and 

energy produced via oxidatioil cannot match energy demand of the tissues. In this case, 

the body transitions to anaerobic metabolism to produce adequate ATP, through 

processes such as glycolysis (23). 



Romijn (21) discovered that the rate of oxidating fat varies depending upon 

exercise intensity. His study observed that fat oxidation is low at low intensity exercise, 

is higher at inoderate exercise intensity, and low again at high intensity exercise. The 

decrease in fat oxidation at high intensities occurs due to the transition from oxidation to 

anaerobic metabolism as means of producing ATP. Achten ( l ,2 )  further examined this 

phenomenon and conducted a study to determine the intensity at wluch fat oxidation 

(Fatmax) is at its greatest and the point at which it regresses (1, 2). Fabnax was 

calculated to be 56% V02max. Fat oxidation was constant within the ranges of 51.3 and 

69.4 % of VOzmax, but decreased at higher intensities. From these results, the 

researchers drew the conclusion that a positive correlation exists between the inaxiinal 

rate of fat oxidatioil and the intensity of exercise. These researchers also determined that 

at Fatmax, 32 % of total energy expended was produced via fat oxidatioil(21). Other 

researchers have identified Fatmax at levels of 65% (23) and 57% (26) of V02max . 

Talai~ian and associates (24) studied the effects of high-intensity intervals on fat 

oxidatioil in women. Eight female subjects completed two 60-minute rides before and 

after 7 sessions of I-IIT on a cycle at 90% VOzmax. A 13% increase in VOzmax and a 

36% increase in fat oxidation was found after HIT. 

Burgomaster el al. (5) studied the effects of 2 weelts of daily sprint training on 

n~uscle oxidative potential, VOzmax and endurance time to fatigue. Sixteen healtlly 

individuals underwent pre-training muscle biopsies and then completed 6 scssiolls of 

sprints over the next 2 weeks. These sessions consisted of repeated 30 seconds of an "all 

out" sprillt on a cycle ergoineter, followed by 4 minutes of recovery. After 2 weeks, 

subjects in both the training and control group underwent a second inuscle biopsy. The 
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study found that in the training group, citrate synthase (CS) activity increased by 38% 

from the pre muscle biopsy to the post muscle biopsy. Citrate synthase (CS) activity is 

the most coinmonly used marker of muscle oxidative potential. They found no increase 

in CS activity in the coiltrol group. In addition to CS activity, the average increase in 

cycle endurance time to fatigue in the interval group doubled compared to the control, 

which sho~ved no detectable increase. 

Perry (19) demonstrated that interval training for 6 weelts can sigilificantly 

increase the muscles capacity to oxidize fat and carbohydrates in previously untrained 

individuals. Subjects completed a set of 10, 4 minute iiltervals at 90% of VOzmax 

followed by 2 minutes of rest. Muscle chemistries showed a 26% increase in CS activity 

and a 29% increase in P-HAD, another metabolic enzyme. Both enzymes contribute to 

fat oxidation. Additional increases in other enzymes were detected, signifying increased 

carbohydrate metabolism as well. 

Benefits of Interval Training in Cardiac Patients. In addition to the using 

interval training with healthy subjects, it has also been integrated into exercise programs 

for cardiac patients. Numerous studies have been performed regarding interval training 

in patients with heart conditions (13-18). 

Patients with clvoilic heart failure have an overall reduction in exercise capacity, 

aerobic power, and inuscular strength. These effects are mostly due to poor cardiac 

output, which in turn, causes a decreased flow of blood to the periphery, specifically to 

the skeletal muscles (16). Exercise training is said to reverse some of these detrimental 

effects. Numerous studies have found that exercise at a higher intensity is more 



beneficial tlian a higher volune of exercise at a lower intensity (13-18). For that reason, 

interval training has been found to be a useful method of exercise training in patients with 

heart failure and cardiovascular disease. 

Safety of exercise has always been a concern for cardiac patients. Recent studies 

have foui~d that interval exercise training is safe and beneficial to patients wit11 heart 

failure (13, 16). Left ventricle (LV) function was observed between two groups of 

patients with CHF who undenvent interval exercise training (IET) and steady-state 

exercise training (SSET). During exercise, minimal cardiac stress occ~rred and LV 

function was stable in both groups. Exercise induced changes in LV ejection fraction, 

heart rate, stroke volume, cardiac output, systolic blood pressure, ratings of leg fatigue 

and dyspnea (shortness of breath) were not statistically different between groups. All in 

all, IET was found to be as safe as SSET in LV function. 

Meyer and colleagues (17) studied the pliysiological effects of short-term interval 

tra~ning and activity restriction in patients with severe heart failure. Eighteen male 

patients with HF completed 3 weelcs of interval training, followed by 3 weelcs of activity 

restriction. Baseline data was collected to determine lung function, ejection fraction, 

cardiac index, and aerobic capacity. The training period consisted of 30-second intervals, 

lollowed by 60 seconds of recovery, for 15 minutes, five times per weelc. Patients also 

completed 10 minutes of interval wallcing on the treadmill 2 times per weelc, in addition 

to tlie cycling. The results showed that after training patients increased their maximal 

work load by 57%, oxygen consumption at VT by 24%, and VOzinax by 23.7%. Patients 

also decreased their heart rate, lactate, leg Iatigue, and dyspnea during subinaximal 

exercise. After 3 weelcs of activity restriction, data did not differ significantly from 
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baseline, implying that training must be continuous to get benefits. In short, an interval 

trainiilg prograin is shown to be very beneficial to patients when it is long-term iuld 

coiltinuous. 

Further studies by Meyer et al. (14) monitored the effects of interval versus 

coiltinuous training in patients after coronary bypass surgery. Eighteen male subjects 

completed 3 weelts of either contin~~ous or interval training. Overall, the continuous 

training group colnpleted a higher total work load than the interval group, 3750 t 298 

Watts versus 3163 2 337 Watts respectively. No significant changes were found in 

catecholamine or glucose levels at rest in either group after training. Both groups showed 

significant decreases in resting heart rates and had similar ratings of perceived exertion. 

However, the interval training group showed higher lactate levels during exercise than 

the continuous training group. Benefits of 3 weelts of training were only observed in the 

interval training group, which had a decreased heart rate at subinaxiinal exercise levels, a 

lower blood pressure at rest, and increased physical performance. 

The accumulation of Meyer's studies of patients with heart patients' support the 

use of interval training in a cardiac population. Interval training, in short bo~rts, allows 

patients to tolerate higher power outputs than in steady-state exercise, without significant 

illcreases in perceived exertion. Furthertnore, interval training was shown to be as safe as 

steady-state in terms of blood pressure, heart rate, and left ventricular function. 

High-Intensity Intervals and Insulin Action. Babraj et al. (4) studled the 

effects of HIT on insulin action and glycemic control. It is lmown that regular aerobic 

exercise reduces the risk of lnetabolic disorders, but there was little lu~own about the 



effect of interval training on factors such as glucose and insulin levels. Sixteen young 

men, who were previously sedentary or recreationally active, underwent 6 weeks of HIT. 

The intervals were equated to approximately 15 ininutes of total exercise on a cycle 

ergometer. HIT was found to substantially improve insulin action and glucose 

homeostasis in these individuals. 

Lactate Conversions. The file1 of choice for muscles is adenosine triphosphate 

(ATP). It is made in a variety of ways depending on the environment in the body. 

During aerobic exercise, when oxygen is present, most of the ATP is made through 

oxidation via the laebs cycle and electron transport system. Oxidation is a slow process 

and at the onset of exercise may talce up to a minute to become fully activated. At the 

beginning of exercise, most ATP is created via anaerobic (without oxygen) mechanisms. 

When ATP is created anaerobically, a metabolic waste product called lactate is formed. 

When high intensity exercise is performed, such as in interval training, there is not 

enough oxygen present to create the ATP needed to maintain the higher worl<load; 

therefore ATP is formed anaerobically, in tunl, producing lactate. During high intensity 

exercise, ATP generation as measured by oxygen consumption is disproporlional to the 

energy demand, therefore VOz alone cannot adequately determine energy expenditure of 

anaerobic activities. This is why a method to convert lactate to oxygen consunlption has 

been developed. 

Margaria et al. (12) conducted a study on the energy utilizatioil of suprru~laximal 

intensity and came up with the earliest conversion of lactic acid to oxygen equivalent 

The study involved three subjects, who were aslted to run at 18 lunkr at a 15% grade for 

10 second intervals, followed by 10,20, or 30 seconds of rest. Subjects repeated these 
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intervals until a steady-state was reached or until they could no longer continue. Resting 

lactic acid levels were measured prior to running, and at 3 and 5 minutes after completion 

of the run. This study showed that lactic acid concentration increased very rapidly in the 

first few runs and reached a steady-state after the fifth run. In addition, they observed the 

longer the period of rest between runs, the smaller the increase in lactic acid 

concentration. In fact, when a subject was given 30 seconds between runs, lactic acid 

concentration does not significantly increase. From this research study, they were able to 

fornlulate a conversion where 1 gram of lactic acid is equivalent to 44 milliliters of 

oxygen. 

Di Prainpero and Ferretti (6 )  did a thorough analysis of the concepts of anaerobic 

lnuscle metabolism. They found that anaerobic energy sources contribute greatly to total 

energy expenditure, especially in the early phases of exercise, and exercise at high 

intensities. They discussed that increasing lactic acid concentrations in the blood during 

exercise does indicate energy expenditure through anaerobic systems, and supported 

Margaria's discovery of the conversion of lactic acid into oxygen consumption. This 

conversion was changed into more applicable units where a 1 nmole increase in blood 

lactate co~lcentration is equivalent to a 3.3 ml/lig/min increase in oxygen consumption 

(Di Prampero). 

Scott (22) performed a study which investigated the contribution of lactate to the 

energy expenditure of weight training. Eleven subjects completed three weight-training 

exercises at two different intensities-one at 60% of 1 repetition maximum (IRM) and 

the other at 80% 1RM. Gas exchange measurements were collected and lactate levcls 

were taken before weight training and 2 minutes after. They stated that the change in 
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lactate (mmoles) was equivalent to 3 mllkglmii~ of oxygen consumption. Scott found that 

adding in the energy froin the conversion of lactate resulted in a significant increase in 

the total energy expenditure of weight training compared to that calculated from the 

aerobic-only energy expenditure. Therefore, the calculatioil of aerobic-only energy 

expenditure ~mderestimates actual energy expenditure of anaerobic activities such as 

weight lifting (22). 

CONCLUSION 

Exercise has numerous benefits that support a healthy life. Until recently, 

research has loolced to endurance training as the method to achieve the most benefits. 

Recent studies have fo~md that interval training can increase VOzmax, exercise 

endurance, metabolism, and fitness. In addition, interval training is belng inlplemented 

into cardiac rehabilitation programs since it has been found to be safe and well-tolerated. 

Interval training also has the potential to expend higher levels of energy than steady-state 

exercise, because of the additional contributioil of anaerobic energy utilization. This 

could have iinportant iinplications for the use of interval training in controlling body 

weight. Additional research should be performed to examine the potential benefits o l  a 

single bout of interval training coinpared to continuous exercise. 
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