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Acute physiological responses

to different circuit training protocols

A. GUERRINI MONTEIRO !-2, D. ANTUNES’ALVENO ¥, M. PRADO/, G/DE\ASSIS MONTEIRO 2,
C. UGRINOWITSCH 3, M. SALDANHA AOKI3, J. DA CRUZ PICARRO 2

Aim. The purpose of present study was to compare‘the acute
physiological responses to a circuit weight training with the
responses to a combined circuit training (weight training and
treadmill run).

Methods. The sample consisted of 25 individuals at an ayerage
state of training, 10 men and 15 female, between 18/and’35
year old. There were selected 60 second sets of resistanceexer-
cises to the circuit weight training (CWT). Whereas in the com-
bined circuit training (CCT), the subjects spent 30-Seconds on
the same resistance exercises and, 30 seconds running on the
treadmill. The rest intervals between the sets-lasted 15 seconds.
The analysis of variance (ANOQVA) with 5% significance level
was utilized to the statistical’analysis of the results.

Results. Comparing circuit'training protocols, it was noted that
CCT elicits a higher relative and-abselute VO, and energy expen-
diture values than CWT for both genders (P<0.05). Regarding
inter-gender comparison, males showed higher absolute and rel-
ative VO, and absolute energy expenditure values for both CWT
and CCT than females (P<0.05). Females showed a significant
greater % VO,4,., value/for both CWT and CCT. Due to the
experimentalconditions/used to state both circuit training bouts
(CWT and,CCT), the YO, rate found was higher than the values
reported by previous/studies which used heavier weight lift.
Conclusion. CCT seems adequate to produce cardiovascular
improvements and greater energy expenditure for both men and
women;while CWT/group classes are sufficient only for unfit
women.

KEY WORDS: Enérgy metabolism ~-Heartrate - Exercise.
C ircuit weight training (CWT) has been used to
improve physical fitness since the early seven-
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ties-Nowadays, there is a growing interest in CWT
due to’several recent studies that have demonstrated the
physiological adaptations and potential health benefits
of this method.!-# For instance, Westcott et al.! report-
ed US Air Force physical fitness test scores improve-
ment after the CWT.! Furhtermore, Camargo et al.5
showed that CWT produced VO, peak and lower and
upper limbs strength improvement.

A typical CWT session involves one to three sets of
10 to 12 repetitions, at 40-50% 1RM. Gettman et al.®
and Wilmore et al.” were the first to report improve-
ments in maximal oxygen uptake (VO,,,,,), strength,
and body composition following CWT. Thus, other
authors have tried to reveal the acute physiological
strain induced by this training strategy to produce such
adaptations.8-11 However, the physiological stimulus
reported during CWT session is usually lower than
American College of Sports Medicine 12 (ACSM) rec-
ommendations for cardiovascular fitness improve-
ment.

In fact, some studies have been conducted using
similar CWT activities. Piacentini ef al.13 evaluated a
free weight training method (JUST PUMP®) and
reported that this activity was performed at an inten-
sity level below the recommended to improve aero-
bic capacity. Accordingly, Stanford et al.14(2002) also
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demonstrated that the free weight training session
(BODY PUMP®) is not a sufficient stimuli to improve
cardio-vascular fitness.

The physiological strain, and consequent cardio-
vascular fitness improvement, is proportional to the
muscle mass recruited.12 Therefore, free weight, mul-
ti-joint exercises seem to be an attractive way to
increase training overload due to the recruitment of
a larger number of agonist, antagonist, and stabiliz-
er muscles. In addition to large muscle mass recruit-
ment, a short rest interval between sets and exercis-
es may also increase physiological demand during
CWT.10

An alternative way to increase the physiological
strain to CWT is to alternate strength and aerobic exer-
cises. The combination of strength and aerobic exer-
cises has been defined as compounded circuit training
(CCT). For instance, Gettman et al.!5 showed-a 17%
increment in VO,,, after 20 weeks of CCT.

Both training strategies (e.g. CWT and CCT) are
suited for group classes and are spread across fitness
centers. However, to the best of our knowledge, no
study has attempted to compare the acute physiolog-
ical strain produced by CWT-and\CCT to determine
physiological strain during these/sessions and con-
firm if they meet ACSM/12 requirements for cardio-
vascular fitness improyémént!

Therefore, the purpose-of thé present study was to
compare oxygen consumption, energy expenditure;
and heart rate profile between CWT and CCT in
healthy men and women, and.determine if both/train-
ing strategies nieet ACSM guidelines for cardiovascular
fitness improvement.

Materials and methods

Experimental approach to the problem

A cross-over design was used to-compare the phys-
iological strain produced by both-CWT and CCT. The
difference between protocols was that CWT performed
resistance exercises for 60 sec, while CCT executed the
same resistance exercises for 30 sec combined to tread-
mill run during the remaining 30 sec.

Subjects

The sample consisted of 10 males and 15 females.
They were healthy and had to be resistance trained
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TABLE I.—Female (N.Z15)/and men (N.=10) characteristics.

Female Male
Age (yr) 24.2+6.6 26.4+4.7
Height (cm) 164.8+7.0 173.7+5.5
Weight (kg) 57.6+5.2 71.2+7.1
BMI (kg/m?) 20.9+1.3 23.3+1.3
Fat % 22.8+4.7 9.8+£3.5
Free fat masskg) 44.4+4.7 64.1+5.5
Fat mass (kg) 13.8+3.4 6.9+2.5
VO3 hax (L/min) 2.2+0.4 3.3+0.4
YO, nax-émL/kg/min) 37151 46.6+5.5
HRMX (bpm) 1858+12.3 192.4+7.9

for at least six months. Training frequency was at least
three-times per weéek. Subjects that were under med-
ication that could either /influence cardiorespiratory
response or exercise performance were excluded. The
study was approved by the University’s ethic com-
mittee and all subjécts signed an informed consent
form before participation. Average and standard devi-
ation of anthropometric and cardiorespiratory data are
presented in Table I.

VO, .. testing

Thé VO,,,., was determined through a modified
Astrand treadmill protocol up to exhaustion.16
Individuals were instructed and stimulated to run until
exhaustion. Criteria for VO,,,,, achievement was reach
age-predicted maximal heart rate and respiratory
exchange ratio (RER) >1.0. An Aerosport (Medical
Graphics - VO2000 — USA) gas analyzer was used.
Heart rate was measure by a telemetric monitor (S610
- Polar, Finland). Physiological variables were record-
ed in 15 sec intervals averages.

Measurement of work VO,, energy cost and heart rate

VO, was measured during both interventions (CWT
and CCT). In brief, expired gases analyzed for per-
cent oxygen and carbon dioxide on Aerosport (Medical
Graphics - VO2000 — USA) gas analyzer. Analyzer
was calibrated prior to each test using Micro
Scholander apparatus. The energy equivalent of 1 L of
oxygen was assumed to be 5 kcal, so net energy
expended from oxidative processes was calculated by
multiplying VO, by 5. Heart rate was measure by a
telemetric monitor (S610 - Polar, Finland). Physiolo-
gical variables were recorded in 15 sec intervals aver-
ages.
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TABLE Il.—Training session description.
CWT CCT
Warm-up 10 min Warm-up 10 min
Main part 10 min Main part 10 min
Exercises Exercises Treadmill
Squat 60” Squat 30 30”
Push up 60” Push up 30~ 30~
Right leg lunge with biceps curl 60” Right leg’/lunge with biceps curl 30% 30”7
Bent over row 60” Bent over row 307 30”
Left leg lunge with biceps curl 60~ Leftleg lunge with/biceps curl 307 30~
Upright row with squat 60” Upright row with §quat 30” 30”
Wide squat with military press 60” Wide squat with'military press 30 30”
Cool down 5 min Cool down 5 min
Exercise protocol Statistics

Both exercise protocols (CWT and CCT) foHowed
a typical training sessions, 10 min of warm up, 10
min of main part, and 5 min of cool down. The/data
were colleted during the main part of thelessonA10
min). Warm up consisted of a 5 min treadmill
walk/jogging (60%HR,,,,), followed by upper and
lower limbs stretching exercises. The main part in the
CWT condition consisted of eight-exercises that
emphasize the large mugcle-groups (squat, push up,
right leg lunge with biCeps c¢url,-bent over row, left
leg lunge with biceps curl{/ upright row with squat,
wide stance squat/with military press) (Table1D)-
Each resistance exercise was performed for 60 _sec
with 2 and 4 kg fer.fermales and with 4 and 6 kg for
males, for upper and lower limbs, respectively.l7.
The rationale to choose the workloads-used for each
exercise/was based in the study conducted by
Beckham and/Earnest,!7 which suggested that mod-
erate to high loads are required to improve cardio-
vascular fitness. Exercises were the.same in CCT
but exereise duration was divided, in 30 s for the
resistance exercise and 30-secfor the treadmill run,
totalizing 60 sec. In order to-compare both proto-
cols, the time of work was equalized as recom-
mended by Getman et al.!5> From 10 to 15 seconds
were allowed between exercises for both conditions.
The performance pace was set at 140 bpm by a CD
music, and running speed was selected to elicit and/or
maintain at least 60%HR,,, for both genders. Cool
down consisted of light stretching for the exercised
muscle groups. Exercise bout sessions were at least
48 hours apart.
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Means and standard deviation were computed for all
variables¢measured during CWT and CCT exercise
sessions-for both' genders. Shapiro-Wilk was used to
test data normality. Then, a set of two way ANOVAs
for repeated/measures was used for each dependent
variable to test for differences between exercise pro-
tocols and gender.

A one-sample, two-tailed, t-test (P<0.05) was used
to.compare the mean relative HR and VO, values,
measured during CWT and CCT, with ACSM criteria
for improving cardiovascular fitness in healthy indi-
vidual,!0 50-85% VO,,... and 60-90% HR,,,.. Signifi-
cance level was set at P<0.05, for both analyses.

Results

Table IIT shows dependent variable values in CWT
and in CCT bouts for both genders. Comparing circuit
training protocols, it was noted that CCT promoted a
higher relative (mL-kg--!'min-!) and absolute (L-min-!)
VO, and energy expenditure values than CWT for both
genders (P<0.05). Regarding inter-gender comparison,
males showed higher absolute and relative VO, and
absolute energy expenditure (kcal.min-!) values for
both CWT and CCT than females (P<0.05). Females
showed a significant greater %VO,,,,, value for both
CWT and CCT. It is noteworthy that both genders did
not reach the minimum %VO,,,, recommended by
ACSM!2 criteria during CWT protocol. On the other
hand, %HR . values were within the recommended
range by ACSM!2 for both circuit protocols and genders.

THE JOURNAL OF SPORTS MEDICINE AND PHYSICAL FITNESS 3



GUERRINI MONTEIRO

TABLE lIl.—Physiological responses to CWT and CCT sessions.

Training session

Gender Parameters
CWT CCT

Female VO, (L'min- 12 1.0+£0.2 1.3+0.3*
VO, (mLkg" -min1) 17.5£2.8 20.8+2.8%*
%VOrmax 47.2+59 59.8+7.8*
HR (bpm) 141.2+14.6 141.7x£14.3
%HRmax 76.0+7.6 76.4+7.5
EE (kcal'min-!) 5.1+1.2 6.3+1.3*
EE (kcal’kg-1'h-1) 5.3+1.2 6.5+1.3%
EE (kcal'’kg(FFM) -Lp-1y 6.9+1.1 8.5+1.8%*

Males VO, (L~min"2 1.5+0.1° 1.7+0.3%*
VO, (mL-kg" ‘min-1) 20.4+2.0° 23.8+2.8%*
% VO)max 43.6+3.9° 46.9+8.7°
HR (bpm) 145.5£19.9 137.4+11.2
9%HRmax 75.7£9.2 71.4+4.4
EE (kcal'min-!) 7.3+0.8° 8.3+£1.2°%
EE (kcal-kg‘l-h‘l) 6.2+0.8 7.0£1.1*
EE (kcal'kg(FFM) -Lp-ly 6.8+0.8 T8+1.1*

*Significant difference between CWT and CCT (P<0.05); °sighificant differen-
ce between males and females (P<0.05).

Discussion

The purpose of this study was to cempar€ oxygen
consumption, energy expenditure, and HR profile
between circuit weight training (CWT)-and combined
circuit weight training (CCT) in healthy men and
women. A secondary daim’ was to.determine if both
training strategies mét ACSM/guidelines for cardio-
vascular fitness improvement:..The main findings of
the present study were 1) CCT imposed a higher phys>
iological strain than CW-T; 2)’'women needed a’high-
er fraction of the VO,,,,,, to €xecute similarprotocols,
due to a lower aerobic power than men; and 3YCWT
session produced lower oxygen cost than the' recom-
mended by‘the ACSM. 12

In etrder to improve cardio-respiratory function, it is
imperative to monitor physiological strain induced by
acute training yariables (e, g--intensity, volume, and
work to restinterval). The ACSM récommends strain
intensities between 50-85% VO,,,,, to promote car-
diorespiratory system improvement, which corre-
sponds to approximately 60-90%HR,,,,.12 In the pre-
sent study, CWT produced a strain intensity of 47%
VO,,... and 76%HR, ., and 43% VO,,... and 76%
HR,,,, for females and males, respectively (Table II).
In agreement, Wilmore et al.8 reported values of 45%
VO,,.. and 70%HR,,,,, for males and 50%VO,,,,, and
80%HR,,,, for females during CWT protocol.
Beckham and Earnest 17 also used a free weight CWT
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protocol and rep6rtéd values of 30% VO,,,,, and
65%HR,,,, to male dnd 32% VO,,,., and 62%HR,, to
female. Gotshalk ¢é1 gl.!Vdescribed values from 39% to
53% VO, 4 and from 71% to 87%HR,,,, among
trained male. In another,study, Ballor et al.!8 reported
intensities of 53% VO, and 153 bpm corresponding
to 87%HRmax in CWT performed with hydraulic
resistance.

A study conducted by Stanford’ef al.!4 evaluated
the energy expenditure, HR’and VO, of a BODY
PUMP® workout. They showed that the VO, during a
BODY PUMP® session-(14.8 ml,-kg-1-min-1) was less
thairthe YO, achieved in previous CWT studies.$. 18-21,
In accerdance to these data, Piacentini et al.!3 also
found that JUST PUMP® workout was performed at an
intensity level/below theé recommended to improve
aerobic capacity/Itisnoteworthy that BODY PUMP®©
was primarily-designed to improve muscular endurance
rather than cardioréspiratory fitness.

Despite the:similarity, there are several differences
between EWT and BODY PUMP®. For instance, a
standard BODY PUMP® workout involves 9 tracks,
each one isolating particular muscle groups, over 50
minutes. Furthermore, during one track an individual
completes almost 100 repetitions. By comparison,
CWT typically requires 20-30 minutes to complete
the'workout, involving 1-3 sets of 8-12 repetitions for
each exercise. Therefore, individuals perform less rep-
etitions with a greater total workload during CWT
than during a BODY PUMP® session. Previous stud-
ies have shown that the more load lifted, the higher is
the aerobic requirement of the circuit.2!.22

Although, there are many studies reporting HR and
VO, during CWT, only a few used free weight CWT
protocol. The free weight CWT protocol adopted in the
present study produced a higher VO, (17.5-20.4 mL kg.-
I min-!) for both women and men than the value report-
ed by Stanford et al.14 The higher aerobic requirement
of the present CWT protocol might be associated with
the selection of compound exercises.

It seems that the free weight CW'T protocol adopt-
ed, using compound exercises with upper and lower
limbs, produced a greater physiological strain than
the strain reported by previous studies that used PUMP
workouts.13. 14 Furthermore, the data presented herein
indicate that CWT seems to be adequate only for
untrained women who have lower aerobic power.

On the other hand, free weight CCT elicited values
of 59% VO,,,., and 76%HR,,,., and 47%VO,,,.. and
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719%HR,,,, for females and males, respectively (Table 3. Elerrgudes AM, Vassallo’DV, Vasquez E'C’dLi'rgaalEG' éxmbl}latory
. ood pressure monitoring in nermotensive individuals undergoing two
). _Therefor < CCT P rotocol seems appropriate for single exercise séssiohs;fesistive exercise training and aerobic exer-
cardiovascular fitness improvement for both females cise training. Atq Bfas/Cardiol 2004;82:65-71.
and males. 4. Harber MP, Fry AC, Rubin MR, Smith JC, Weiss LW. Skeletal mus-
Overall CCT produced higher energy expenditure ;11213 ngcl;ﬁgrjoﬁfdagif)tsa;ﬁ?: ﬁ%gfﬁltﬁvglggt training in untrained
than CWT. Moreover, males had higher energy expen- 5. Camargo MD;Stein R, Ribeiro JP, Schvartzman PR, Rizzatti MO,
diture than females in both CWT and T (7.3 vs 5.1 Schaan BD. Circuit weight training and cardiac morphology: A trial
o C . _ICC (7.3 v 3 with Maghetic Resonance Imaging. BrJ-Sports Med 2008;42:141-5
kcal'min-!, and 8.3 vs 6.3 kcal'min-!, respectively) ¢ Gefiman LR, Ayres JJ, Pollock ML, Jackson A. The effect of circuit
(Table III). Beckhan and Earnest,!° reported that caloric weight trainingjon strength cardiorespiratory fufiction, and body com-
: foni : position of adult men. Med Sci Sport,Exerc 1978;10:171-6.
eXPend_ltufe was also significantly higher ,forlmale (4.9 /7 Wilmore JH, Parr RB. Girandola RN, Ward P, Vodak P, Barstow TJ et
kgal-mlp*.) than f(?r ff{male (3.6 k(?al'mln’ ) In line al. Physiological alterations consequent)to circuit weight training.
with Phillips and Ziuraitis,?3 evaluating calorie expen+ \ %?ld S¢i SJ%OI; Exei{% 1%3 8;5(1)3:73-341.( A 1. Pines TV ef al
. : . : A lmore , Parr , Ward P, Yodak P, Barstow T1J, Pipes etal.
diture FhrOUgh 8 exercises, with one set of 15RM, with Energy/Cost circuit weight training-Med Sci Sport Exerc 1978;10:75-
two minutes interval between sets, found 3.4 and 5.6 8.
kcal‘min—l to fema]e and male respective]y‘ Wi]more et 9. Barleson MA, O’Bira.yant HS,'Stone MH, Colhns MA, Mcbride TT.
18 ted lts were higher. 9.0 and 6.1 kcalfin- Effect of weight training exercise and treadmill exercise on post-exer-
a..® reported resu g 27 . C . cise oxygen comsumption. Med Sci Sport Exerc 1998;30:518-22.
1 for male and female, respectlvely, suggesting that| 10. Halton RW, KraenierRR, Sloan RA, Hebert EP, Frank K, Tryniecki
this difference was due to differences in’ body.com- JL. Circuit weight training and its effects on excess postexercise oxy-
.. . N . gen consummption. Med'Sci Sport Exerc 1999;31:1613-8.
pOSlt}On. Nevgrtheless, differences amoOng St'ud'IGS m oy, Gotshalk LA, Berger RA, Kraemer WJ. Cardiovascular responses to
calorie expenditure may also be related to(strain inten- a high-volume continuous circuit resistance training protocol. J
. . fee 10 : . Strength Cond Rés 2004;18:760-4.
sity during eer:CISC’ which depends 9“ the 1nter\{als 12. American College of Sports Medicine. The recommended quantity and
between exercises and amount of weight to be 1.1ft' quality of-exercise for developing and maintaining cardiorespiratory
ed.21.23 Ordway et al.?4 reported a linear increas€ in VO, and muscular fitness, and flexibility in healthy adults. Position Stand.
c1s . . . . Med-Sci Sports Exerc 1998;30:975-91.
with lncreaSIHg exercise loadsThus, .lt SECMS 1MPOT- 13 “piacentini MF, Gianfelici A, Faina M. Energy Cost of a Just Pump
tant that fitness instructors mdtch exereise load between Workout. Int J Fitness Issue 2005;1(1).
genders to produce simildr relative energy expendi- I4. Stanforth D, Stanforth PR, Hoemeke MP. Physiologic and metabol-
bet d . 1 ic responses to a body pump workout. J Strength Cond Res
ture between gendaers 11x¥ group classes. 2002;14:144-50.

157 Gettman LR, Ward P, Hagan RD. A comparison of combined run-

ning and weight training with circuit weight training. Med Sci Sport
C lusi Exerc 1982;14:229-34.
onclusions 16. Pollock ML, Wilmore JH. Exercise in health and disease: evaluation
and prescription for prevention and rehabilitation. 20d edition.
A nclusion T n r4in- Philadelphia: W.B. Sanders; 1990.' ] o
. s conclusipfl, CQ seem§ tobea a.'dequate o 17. Beckham SG, Earnest CP. Metabolic cost of free weight circuit weight
ing strategy to produce cardiovascularimprovements training. J Sports Med Phys Fitness 200040:118-25.
and greatér energy expenditure for both men and 18. Ballor DL, Becque MD, Katch VL. Metabolic responses during
7 . . hydraulic resistance exercise. Med Sci Sport Exerc 1987;19:363-7.
worpen, While,CWT is a moderate stimulus only for 19. Hempel LS, Wells CL. Cardiorespiratory cost of the Nautilus Express
unfit women: Circuit. Physician of Sportsmedicine 1985;113:82-97.

20. Hurley BF, Seal DR, Ehsani AA, Cartier LJ, Dalsky JM, Hagberg M
et al. Effects of high-intensity strength training on cardiovascular
function. Med Sci Sport Exerc 1984;16:483-8.
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