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15/15 seconds interval training at 87.5% vs 
60% of VO2max, and 4x4 min interval training 
at 87.5% vs 60% of VO2max. Analyzing how 
different exercise activities affect our HR and 
EE is important to understand the training ef-
fect of specific training programs.

We seek to gain insight into three kinds of 
interval training compared with one kind of 
training not involving intervals. Comparing 
different interval sessions against each other 
is important to determine differences in en-
ergy expenditure. Comparing running against 
spinning is important since these are common 

The literature has provided insight into heart 
rate (HR) and energy expenditure (EE) for 

various training forms such as weight lifting, 
step aerobics, etc.1-13 Hausken and Tomas-
gaard 14 showed energy expenditure variations 
during interval training where ��������������� multiple train-
ing forms (step aerobics, weight lifting, etc.) 
are joined sequentially into one exercise class. 
Helgerud, Hoydal 15 considered the effect of 
four different training methods on maximal 
oxygen uptake (VO2max) and stroke volume; 
long slow distance running at 60% of VO2max, 
lactate threshold running at 80% of VO2max, 

O R I G I N A L  A R T I C L E

Using heart rate monitors to assess  
energy expenditure in four training types

Kjell HAUSKEN 1*, Sindre M. DYRSTAD 2

1Faculty of Social Sciences, University of Stavanger, Stavanger, Norway; 2Department of Education and Sport 
Science, University of Stavanger, Stavanger, Norway
*Corresponding author: Kjell Hausken, Faculty of Social Sciences, University of Stavanger, 4036 Stavanger, Norway.
E-mail: kjell.hausken@uis.no

Anno: 2016
Mese: March
Volume: 175
No: 3
Rivista: Gazzetta Medica Italiana - Archivio per le Scienze Mediche
Cod Rivista: Gazz Med Ital - Arch Sci Med

Lavoro: 3114-GMI
titolo breve: ENERGY EXPENDITURE IN FOUR EXERCISE SESSIONS
primo autore: HAUSKEN
pagine: 49-58
citazione: Gazz Med Ital - Arch Sci Med 2016;175:49-58

A B S TRACT   
BACKGROUND: Heart rate (HR) measurements and energy expenditures (EE) are compared for zumba, interval 4x4 
min spinning, interval 4x4 min running, and pyramid running (1 min recovery periods followed by activity periods de-
creasing from 6 min to 1 min).
METHODS: Twenty-six men and women (21.8±2.4 years) completed all four sessions. Zumba lasted 60 min, and the 
three other sessions lasted 45 min. EE was estimated by heart rate measured by Polar heart rate monitors.
RESULTS: During the 33% longer zumba session the participants used 592±161 kcal, which was 14.2% higher than dur-
ing 4x4 running (P=0.003). The EE in kcal/min was 13.9% lower in zumba compared to 4x4 running (P<0.001). For spin-
ning and running %HRmax exceeded 90% in all activity periods (P<0.01), and decreased below 78% in all four recovery 
periods (P<0.05). For pyramid running %HRmax exceeded 90% in all seven activity periods (P<0.01), and decreased 
below 86% in all six recovery periods (P<0.05).
CONCLUSIONS: First, we consider zumba which has hardly been analyzed. Second, we compare zumba with three 
forms of intervals; running 4x4, spinning 4x4, and pyramid running. Third, we explicitly analyze the time factor through 
the sessions. Fourth, we analyze how heart rates decrease during 3 min vs 1 min recovery periods. Fifth, we scrutinize 
how heart rates increase during short vs long activity periods.
(Cite this article as: Hausken K, Dyrstad SM. Using heart rate monitors to assess energy expenditure in four training types. 
Gazz Med Ital - Arch Sci Med 2016;175:49-58)
Key words: Running - Heart rate - Energy metabolism - Dancing - Exercise test - Bicycling.

Gazzetta Medica Italiana - Archivio per le Scienze Mediche 2016 March;175(3):49-58© 2014 EDIZIONI MINERVA MEDICA
The online version of this article is located at http://www.minervamedica.it

P
R
O
O
F

M
IN

ERVA
 M

EDIC
A

PROFF ID.indd   1 10/09/10   14:28



HAUSKEN	E NERGY EXPENDITURE IN FOUR EXERCISE SESSIONS

50	 Gazzetta Medica Italiana - Archivio per le Scienze Mediche	 March 2016

the popular zumba training in terms of heart 
rates and energy expenditures. We test this by 
letting the same participants train zumba and 
three other training types.

Hypothesis 1: The mean %HRmax and 
mean energy expenditures are the same during 
zumba and 4x4 running.

Whereas Hypothesis 1 focuses on the mean, 
the motivation for Hypothesis 2 is that zumba 
lasts 15 minutes longer and the total energy ex-
penditures may possibly larger.

Hypothesis 2: The total energy expenditures 
are the same during 60 min zumba and 45 min 
4x4 running.

The motivation for Hypothesis 3 is the need 
to compare interval running with interval spin-
ning. It is well known that participants’ max 
heart rates are lower for spinning (cycling) 
than for running, especially because the upper 
body is used to a lower extent. For example, 
Faulkner et al.19 determine 11% lower VO2max 
for cycling compared with running. We seek 
to expand upon such insights during interval 
training. Especially, we seek to determine 
whether the participants in 4x4 spinning com-
pensate for the lower heart rates and energy 
expenditures during the intervals with higher 
heart rates and energy expenditures during the 
recovery periods.

Hypothesis 3: The mean %HRmax and 
mean energy expenditures are the same during 
4x4 running and 4x4 spinning.

The motivation for Hypothesis 4 is the need 
to compare pyramid running with interval run-
ning. First, in pyramid running the recovery 
periods are shorter than in interval running, 
one minute instead of three minutes. Second, 
in pyramid running the first interval lasts six 
minutes, the second lasts five minutes, de-
creasing to one minute for the last interval.

Hypothesis 4: The mean %HRmax and 
mean energy expenditures are different during 
pyramid running and 4x4 running.

The motivation for Hypothesis 5, for 
4x4 running and 4x4 spinning, is to assess 
%HRmax and energy expenditures during the 
3 min recovery periods, inserted between the 4 
min interval periods. First, how quickly do the 
heart rates and energy expenditures decrease 

training forms and practitioners need to assess 
their possibly different impact. Comparing in-
terval training against Zumba with no intervals 
is important to determine how intervals impact 
energy expenditure, and to determine the over-
all energy expenditure in Zumba compared 
with the other three training types.

The first training type is 4x4 spinning, i.e. 
4 min spinning ca 90-95% of max heart rate 
and 3 min spinning ca 70% of max heart rate, 
four times. The second is 4x4 running with the 
same structure. The third is pyramid running, 
i.e. running 90-95% of max heart rate during 
periods decreasing from 6 min to 1 min, in-
terspersed with jogging ca 70% of max heart 
rate for one min). The fourth is zumba without 
intervals. Zumba is a Latin dance-inspired fit-
ness program created by dancer and choreog-
rapher Alberto “Beto” Perez in Colombia dur-
ing the 1990s, gaining increasing popularity.16 
Zumba is chosen due to its current popularity 
and since it has received virtually no scientific 
scrutiny. As of September 7, 2014, the only 
available studies in the ISI base are Luettgen, 
Foster 17 and Sanders and Prouty.18

The paper has eight objectives and tests 
eight hypotheses. First we determine how the 
heart rates and energy expenditures differ for 
zumba and the three other sessions. Second, 
we determine how the total energy expendi-
tures differ for 60 min zumba and 45 min for 
the three other sessions. Third, we compare 
heart rates and energy expenditures for 4x4 
running and 4x4 spinning. Fourth, we compare 
heart rates and energy expenditures for pyra-
mid running and 4x4 running. Fifth, we deter-
mine how the heart rates decrease during the 3 
min recovery periods in 4x4 running and 4x4 
spinning. Sixth, we determine how the heart 
rates decrease during the 1 min recovery peri-
ods in pyramid running. Seventh, we compare 
how the heart rates decrease during the recov-
ery periods in pyramid running and 4x4 run-
ning. Eighth, we compare how the heart rates 
increase during the activity periods in pyramid 
running and 4x4 running.

We analyze the following eight research 
hypotheses. The motivation for Hypothesis 1 
is the current uncertainty about the impact of 
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reach the high %HRmax reached during 4x4 
running.

Hypothesis 8: During the activity periods in 
pyramid running the participants increase their 
%HRmax to a level more than 5% below the 
maximum %HRmax during the activity peri-
ods in 4x4 running.

Materials and methods

Participants

The participants were mainly recruited 
among university sports students and a total 
of 34 participants (22 females) were includ-
ed, while 26 participants (15 females) with a 
mean age of 21.8±2.4 years completed all ex-
ercise sessions. Men’s weight and height were 
73.4±7.3 kg and 178.6±8.6 cm respectively. 
Women’s weight and height were 57.5±4.0 
kg and 164.2±6.9 cm respectively. We assume 
PAR=7 (Physical Activity Rating, see equa-
tion (4)). The study information was explained 
orally and in writing and the volunteers gave 
their written informed consent. The study was 
submitted for Institutional Review Board (IRB) 
approval by the Norwegian Ethics Committee 
(http://helseforskning.etikkom.no/xnet/public) 
which concluded that the study, which is ob-
servational of one physiological variable (heart 
rate), does “not require formal IRB approval 
according to Norwegian laws and regulations 
in force.” ����������������������������������The study was approved by the����� Nor-
wegian Social Science Data Services AS.

Design

The participants carried out four exercise 
sessions at SiS Sports Center at the Univer-
sity of Stavanger, Norway: Zumba January 
16, 2012 at 18:00-19:00, 4x4 running January 
19, 2012 at 15:15-16:00, 4x4 spinning Janu-
ary 23, 2012 at 15:15-16:00, pyramid running 
January 26, 2012 at 15:15-16:00. For zumba 
the participants were told to follow the instruc-
tor’s instructions. For the three other sessions 
each participant knew its max heart rate, and 
followed the instructor’s instructions through 
the intervals.

at the onset of each recovery period, and how 
quickly do the heart rates and energy expen-
ditures increase at the onset of each interval 
period? Second, to which levels do the heart 
rates and energy expenditures decrease in the 
recovery periods and increase in the activity 
periods? The 78%, 86% and 8.4% numbers in 
Hypotheses 6-8 were chosen to get succinct 
results for when the hypotheses are rejected.

Hypothesis 5: During the 3 min recovery 
periods in 4x4 running and 4x4 spinning the 
participants are not able to decrease their heart 
rates from above 90% of HRmax to below 
78% of HRmax.

The motivation for Hypothesis 6 is similar 
to that of Hypothesis 5, but applied to pyramid 
running where the recovery periods are only 1 
min and the activity periods start with 6 min 
and decrease to 1 min. First, do the heart rates 
and energy expenditures decrease and increase 
in the same manner as in the 3 min recovery 
periods in 4x4 running and 4x4 spinning? Sec-
ond, do the heart rates and energy expenditures 
decrease to the same levels in 4x4 running and 
4x4 spinning? Third, to which levels do the 
heart rates and energy expenditures decrease 
in the recovery periods and increase in the ac-
tivity periods?

Hypothesis 6: During the 1 min recovery pe-
riods in pyramid running the participants are 
not able to decrease their heart rates from above 
90% of HRmax to below 86% of HRmax.

The motivation for Hypothesis 7 is the short 
recovery periods in pyramid running which 
suggest that the participants are not able to de-
crease their %HRmax as much as during the 
recovery periods in 4x4 running and 4x4 spin-
ning.

Hypothesis 7: During the 1 min recovery pe-
riods in pyramid running the participants de-
crease their %HRmax to a level less than 8.4% 
above the minimum %HRmax during the 3 
min recovery periods in 4x4 running.

The motivation for Hypothesis 8 is that the 
activity periods in pyramid running last 22 
min as opposed to 16 min for 4x4 running, 
combined with the short recovery periods in 
pyramid running, which jointly suggest that 
the participants during pyramid running do not 
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(EE). We compare two methods A and B to 
strengthen the study. Hiilloskorpi et al.’s (20), 
p. 441) model 2 equation, hereafter referred to 
as method A, is
EE = –1.68 +10.84 × gender +  
HR (0.043 – 0.106 × gender) –  
weight (0.105 + 0.101× gender) + 
age (0.095 – 0.107 × gender) + 
HR × weight (0.00134 + 0.00119 × gender) – 
HR × age (0.0011 – 0.00110 × gender)	 (1)

Equations (2)-(5) are hereafter referred to as 
method B. Kinnunen and Nissilä 21 estimated 
the three data points (HRlow, EElow), (HRhigh, 
EEhigh), and (HRmax, EEmax) defined as

HRsit is measured empirically (or between 65 bpm 
and 70 bpm),

EEsit =1 BMR / (24 ×60),
HRlow = 0.6036 × HRmax,
EElow = 0.4 × EEmax,
HRhigh = (0.8048 + 0.001343×VO2max ) × HRmax,
EEhigh = 0.75 × AEEmax,
HRmax is measured empirically (or 220 – age),
EEmax = 0.00517 × weight ×VO2max,	 (2)

where we have imposed a fourth data point 
(HRsit,EEsit), where × means multiplication, 
weight is measured in kg, maximal aerobic ca-
pacity VO2max is measured in ml/kg/min, heart 
rate HR is measured in beats per minute, and 
activity energy expenditure EE is measured in 
kcal/min. For the four data points, the subscript 
on HR and EE refers to whether the intensity 
is low, high, or maximum, and subscript sit re-
fers to the basic metabolic rate when sitting. We 
determine the basic metabolic rate BMR (kcal/
day) with Schofield’s 22 equation

15.057 692.2 if male and 18 <30
1

14.818 486.6 if female and 18 <30

weight age
BMR

weight age

× + ≤
=  × + ≤ 	 (3)

and VO2max with Jackson et al.’s 23 equation
VO2max = 56.363 + 1.921× PAR – 0.381× age – 

0.754 × BMI + 10.987 × gender,
BMI = weight / height2,
PAR = 7  if: Participates  regularly in heavy physi-

cal exercise, i.e. runs more than 10 miles per 
week or spends more than 3 hours per week in 
comparable physical activity,	 (4)

where height is measured in meters, gender 
is 0 for females and 1 for males, and physical 

Zumba 60 min: First warmup one song, 
thereafter zumba, and cooldown one song at 
the end.

4x4 running 45 min: First 12 min warmup, 
then 4 min running ca 90-95% of max heart 
rate and 3 min jogging ca 70% of max heart 
rate, four times, for a total of 28 min, and fi-
nally 5 min cooldown.

4x4 spinning 45 min: Same structure as 4x4 
running, replacing running/jogging with spin-
ning.

Pyramid running 45 min: First 12 min 
warmup, then 6 min running 90-95% of max 
heart rate and 1 min jogging ca 70% of max 
heart rate, then 5 min running and 1 min jog-
ging, 4 min running and 1 min jogging, 3 min 
running and 1 min jogging, 2 min running 
and 1 min jogging, 1 min running and 1 min 
jogging, and finally 1 min running and 5 min 
cooldown.

Measurements

Polar team 2 heart rate belts and RS 100 
monitors (Polar Electro Oy, Kempele, Finland) 
were used to measure the participants’ heart 
rates every 5 seconds. Body weight was mea-
sured using a calibrated, digital scale (Seca 
model 770, Seca GmbH & Co, Hamburg, Ger-
many) while body height was self-reported. 
The participants measured their maximal HR 
indoor or outdoor by the following standard-
ized protocol: 20 min with increasing running 
intensities followed by five min stretching. 
Then two uphill running intervals (5% incline 
at treadmill) lasting 3 min. The first interval 
should be hard, but not to exhaustion. Three 
minutes active break was followed by a run-
ning interval to exhaustion. The session ended 
by 15 min cooldown running. The highest reg-
istered HR was set to maximal HR (HRmax). 
Resting HR was measured by participants in 
bed at morning (HRrest), while sitting HR was 
measured during day while sitting still (HRsit).

Statistical analysis

Equations (1)-(5) were used to determine 
the participants’ activity energy expenditure 
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pants drank water. After 14 min, 21 min, and 
44 min, less significant drops can be observed 
due to brief rests lasting less than one minute. 
Across all four sessions method A predicts 
the largest energy expenditure when EE<11.6 
kcal/min, and method B predict the largest 
energy expenditure when EE>11.6 kcal/min. 
This is especially observable at the high peaks 
where the B curves (filled circles) are higher 
than the A curves (filled boxes). The two meth-
ods are most similar when EE<11.6 kcal/min, 
and thus the two EE curves almost overlap for 
zumba. The difference is more pronounced 
when EE>11.6 kcal/min, as observed for the 
three other sessions. For 4x4 running and 4x4 
spinning, the four intervals are clearly dis-
tinguishable. For pyramid running the seven 
intervals are clearly distinguishable. The par-
ticipants were encouraged to exert extra during 
the seventh interval, observable with a mean 
14.3 kcal/min (Figure 1).

Tables I, II show the mean %HRmax±SD 
and mean EE±SD using method B for the four 
sessions in their entirety, for various parts, the 
minimum mean %HRmax during recovery, 
and the maximum mean %HRmax during ac-
tivity (Tables I, II).

Applying the multivariate ANOVA test, for 
Hypotheses 1, 3 and 4 the difference is signifi-
cant with P<0.001 and F= 6.86, and for Hy-
pothesis 2 the difference is significant with 
P<0.001 and F= 15.74.

Applying the Bonferroni correction caused 
the following results: For Hypothesis 1, the 
mean %HRmax during 60 min of zumba was 
10.1% lower than during 45 min of 4x4 run-
ning (P=0.01). The EE in kcal/min was 13.9% 
lower in zumba compared to 4x4 running 
(P=0.01).

For Hypothesis 2, during 60 min zumba 
the participants used in average 592 kcal (SD: 
161), which was 14.2% higher than during 45 
min 4x4 running burning 518 kcal (SD: 103, 
P=0.019).

For Hypothesis 3, the %HRmax during 45 
min 4x4 running was 2.5% higher than during 
45 min 4x4 spinning (P=0.017), and the par-
ticipants had 3.5% lower EE in 4x4 spinning 
than in 4x4 running (P=0.023).

activity rating PAR is determined from http://
www.topendsports.com/testing/pa-r.htm.

The activity energy expenditure EE is deter-
mined by piecewise linear interpolation through 
the four data points (HRsit,EEsit), (HRlow,EElow), 
(HRhigh,EEhigh), and (HRmax,EEmax), i.e.

low sit
sit sit sit low

low sit

high low
low low low high

high low

max high
high high high max

max high

( )

( )

( )

EE EE
EE HR HR if HR HR HR

HR HR

EE EE
EE EE HR HR if HR HR HR

HR HR

EE EE
EE HR HR if HR HR HR

HR HR

 −+ − ≤ ≤
−

 −= + − ≤ ≤ −
 −
 + − ≤ ≤

− 	(5)

The first row in equation (5) is a linear curve 
from the first to the second data point. The sec-
ond row in equation (5) is a linear curve from 
the second to the third data point. The third 
row in equation (5) is a linear curve from the 
third to the fourth data point.

To measure differences between the mean 
%HRmax and EE in the four training ses-
sions, we used a two-way repeated measures 
multivariate ANOVA test. To enable pairwise 
comparisons for this data, the Bonferroni cor-
rection for four tests was used for Hypotheses 
1-4. To test if %HRmax significantly exceeded 
specific values for Hypotheses 5-8, a one-
sample t-test was used. We used mean values 
and 95% confidence interval to determine the 
lower and upper bounds in Hypotheses 5-8. 
The data is presented as means ± standard de-
viation (SD). A P-value of less than 0.05 was 
regarded as statistically significant. All statis-
tical analyses were performed using PASW 
Statistics 18 for Windows (IBM Corporation, 
Somers, NY, USA).

Results

Figure 1 shows the mean and standard devi-
ation of %HRmax, and the energy expenditure 
EE using method A (curve A) and method B 
(curve B). For zumba we observe the warmup 
period with increasing %HRmax and mean 
EE as time increases, and the cooldown pe-
riod with decreasing %HRmax and mean EE 
as time increases. The drop in both %HRmax 
and mean EE after 32 min is due to a switch in 
zumba activity and short rest where the partici-
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high P=0.104. The mean EE in kcal/min dur-
ing pyramid running was 1.8% higher than in 
4x4 running, also with a high P=0.101.

For Hypothesis 4, the mean %HRmax dur-
ing the entire pyramid running session was 
only 1.1% higher than for 4x4 running, with a 

Figure 1.—Percentage of maximal heart rate (% HRmax) and mean energy expenditure (Mean EE) in kcal/min during the 
four sessions.
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creased below 78% in all four recovery pe-
riods for both 4x4 running and 4x4 spinning 
(P<0.05), and the mean minimum %HRmax in 
4x4 spinning was 74.0%±5.2%, which was not 
significantly different from mean minimum 
%HRmax in 4x4 running.

For Hypothesis 6, there were no large differ-
ences between 4x4 spinning and 4x4 running 
in the mean minimum %HRmax in the recov-
ery periods, and in the mean max %HRmax in 
the activity periods. The largest difference was 
found in the first activity period where the mean 
max %HRmax was 2.5% lower in 4x4 spinning 
than in 4x4 running (P=0.011; Table I).

In pyramid running the participants’ mean 
max %HRmax exceeded 90% in all seven 
activity periods (P<0.01), with an average 
of 92.1%±2.3% of HRmax. During the one 
min recovery periods in pyramid running, the 
mean minimum %HRmax significantly de-
creased below 86% in all six recovery periods 

To test Hypotheses 5 and 6 we determined 
the minimum %HRmax that each participant 
reached during each recovery period, and de-
termined the mean of this minimum for the 26 
participants. We refer to this as mean mini-
mum %HRmax, with associated SD, in rows 
6-11 in Table I. Analogously, we determined 
the maximum %HRmax that each participant 
reached during each activity period, and the 
mean of this maximum, referred to as mean 
max %HRmax, at the bottom of Table I (rows 
12-18).

For Hypothesis 5, except for the first activ-
ity period in the 4x4 spinning, the participants’ 
mean max %HRmax significantly exceeded 
90% in all activity periods in both 4x4 run-
ning and 4x4 spinning (P<0.01), with a mean 
of 93.5%±2.7% and 92.1%±3.7% for 4x4 run-
ning and 4x4 spinning, respectively. During 
the 3 min recovery periods the participants’ 
mean minimum %HRmax significantly de-

Table I.—�Mean %HRmax (percentage of maximal heart rate) ±SD (standard deviation) during 60 min continuous 
zumba and during three 45 min sessions with 4x4 running, 4x4 spinning and pyramid running, using method B. 
See text for P-values.

Zumba 4x4 running 4x4 spinning Pyramid running

12 min warmup 76.6±11.0 77.4±6.5 73.7±6.3 74.1±6.6
Recovery periods 75.3±11.7 81.1±4.9 81.2±5.1 86.9±3.6
Activity periods 90.1±3.9 88.5±4.6 88.8±3.2
5 min cooldown 67.8±11.1 74.0±6.2 69.2±5.8 77.9±5.9
Entire 74.9±10.7 82.5±3.3 80.5±3.7 83.4±2.8
1. recovery mean minimum 73.6±4.5 74.2±5.7 80.1±4.7
2. recovery mean minimum 73.5±4.8 74.3±6.0 79.5±4.3
3. recovery mean minimum 75.2±4.5 73.3±6.2 79.7±4.2
4. recovery mean minimum 75.6±4.7 74.3±5.2 80.2±4.5
5. recovery mean minimum 81.6±4.4
6. recovery mean minimum 83.2±4.4
1. activity mean max 93.2±2.8 90.9±4.2 92.0±2.5
2. activity mean max 93.5±2.5 92.0±3.6 92.2±2.3
3. activity mean max 93.4±3.1 92.2±3.9 91.8±2.4
4. activity mean max 94.0±3.3 93.1±4.0 92.0±2.3
5. activity mean max 92.2±2.4
6. activity mean max 91.8±2.8
7. activity mean max 92.8±3.2

Table II.—�Mean energy expenditure in kcal/min±SD using method B in four different training sessions. See text for 
P-values.

Zumba 4x4 running 4x4 spinning Pyramid running

12 min warmup 10.2±3.1 10.3±2.5 9.6±2.3 9.5±2.2
Recovery periods 9.9±3.0 11.2±2.6 11.3±2.6 12.6±3.0
Activity periods 13.5±3.2 12.8±2.8 13.1±3.1
5 min cooldown 8.3±2.6 9.5±2.2 8.7±2.2 10.5±2.7
Entire 9.9±2.3 11.5±2.3 11.1±2.5 11.7±2.4
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Rejection of Hypothesis 4, with high P-val-
ues P=0.104 and P=0.101, means that pyramid 
running and 4x4 running do not have signifi-
cantly different mean %HRmax and EE. Al-
though pyramid running has marginally higher 
mean %HRmax and EE than 4x4 running, the 
difference is not significant. Hence pyramid 
running and 4x4 running can be perceived as 
similar.

Rejection of Hypothesis 5 means that the 
participants decreased their %HRmax below 
78% during the recovery periods in 4x4 run-
ning and 4x4 spinning. The three minutes of 
recovery thus accomplish at least 13% de-
crease in %HRmax from above 90% to below 
78%, which is a reasonably good decrease.

Rejection of Hypothesis 6 means that the 
participants decreased their %HRmax below 
86% during the recovery periods in pyramid 
running. Hence only one minute of recov-
ery accomplishes only at least 4% decrease 
in %HRmax from above 90% to below 86%, 
around 1/3 of the decrease accomplished by 
three minutes of recovery. This result may also 
be influenced by the first activity period lasting 
6 minutes for pyramid running, as opposed to 
4 minutes for 4x4 running.

Rejection of Hypothesis 7 means that the 
participants decreased their %HRmax during 
the recovery periods in pyramid running to 
a level more than 8.4% above the minimum 
%HRmax during the recovery periods in 4x4 
running. This reinforces and quantifies the in-
sight from Hypotheses 5 and 6 of the kind of 
decrease in %HRmax that is accomplishable 
by one minute recovery instead of three min-
utes of recovery.

Rejection of Hypothesis 8 means that the 
participants increased their %HRmax dur-
ing the activity periods in pyramid running to 
a level more than 1.5% below the maximum 
%HRmax during the activity periods in 4x4 
running. It is surprising that the participants 
reach almost as high maximum %HRmax dur-
ing pyramid running compared with 4x4 run-
ning, given that they have significantly shorter 
recovery periods and 37.5% longer activity 
periods. This indicates that one minute recov-
ery period is sufficient to be able to complete 

(P<0.05), and the participants’ mean minimum 
%HRmax was 80.7%±4.1%.

For Hypothesis 7, the participants’ mean 
minimum %HRmax during the recovery peri-
ods in pyramid running was 8.4% higher than 
the mean minimum %HRmax during the re-
covery periods in 4x4 running (P<0.001).

For Hypothesis 8, the participants’ mean 
max %HRmax during the activity periods in 
pyramid running was 1.8% lower (P<0.001) 
than the mean max %HRmax during the activ-
ity periods in 4x4 running.

Discussion

The main findings of the study were that the 
EE per min was lower during zumba compared 
to the interval sessions, in which there were 
no large differences in EE. Further, the mean 
minimum %HRmax in pyramid running was 
8.4% higher than in 4x4 running, while there 
were no large differences in the mean max 
%HRmax in these exercise sessions.

Rejection of Hypothesis 1 means that the 
participants have lower mean %HRmax and 
mean EE during zumba than during 4x4 run-
ning. We interpret this to mean that zumba is 
a lighter form of training. The result may be 
partly influenced by zumba lasting 15 minutes 
longer, and possibly influenced by many of the 
participants being inexperienced with Zumba 
and thus not exercising full range of move-
ment. Our %HRmax 74.9±10.7 can be com-
pared with Luettgen et al.’s (17) slightly high-
er %HRmax 79±7 for 19 experienced Zumba 
participants, but their session was substantially 
shorter, 38:48±4:53 (min:sec). Our mean EE 
9.9±2.3 kcal/min is remarkably similar to Lu-
ettgen et al.’s (17) mean EE 9.5±2.69 kcal/min.

Rejection of Hypothesis 2 means that the 
participants have higher EE during 60 min 
zumba than during 4x4 running. This is caused 
by zumba lasting 15 min longer which out-
weighs the lower mean EE of zumba.

Rejection of Hypothesis 3 means that 4x4 
spinning has slightly lower %HRmax and EE 
than 4x4 running. We think this is due to spin-
ning not utilizing the upper body in the same 
manner as running.
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framework and reference point for how exer-
cise programs can be evaluated and compared 
in terms of energy expenditure for different 
kinds of activities; zumba without intervals, 
spinning with intervals, and running with two 
kinds of intervals. Program developers may 
test activities linked to different objectives. For 
example, if pyramid running proves too stren-
uous, the recovery periods may be increased 
above 1 min or pyramid running may be sub-
stituted with 4x4 running. To increase EE or 
to train at higher intensity levels, the recovery 
periods in 4x4 running and spinning may be 
shortened since 1 min recovery seems satisfac-
tory to manage a high %HRmax in pyramid 
running. Using energy expenditure as a com-
mon denominator, we show how the intervals 
and recovery periods are compared with each 
other, and with jogging at different speeds. 
Second, we show how heart rate monitors con-
veniently allow for calculating energy expen-
diture. Third, we illustrate how exercise pro-
grams can be assessed quantitatively which we 
consider advantageous when linking exercise 
programs to objectives such as improvement 
in cardiovascular fitness and performance.

References

  1.	 Bell JM, Bassey EJ. A comparison of the relation between 
oxygen-uptake and heart-rate during different styles of 
aerobic dance and a traditional step test in women. Eur J 
Appl Physiol Occup Physiol 1994;68:20-4.

  2.	 Berry MJ, Cline CC, Berry CB, Davis M. A comparison 
between 2 forms of aerobic dance and treadmill running. 
Med Sci Sports Exerc 1992;24:946-51.

  3.	 Billinger SA, Loudon JK, Gajewski BJ. Validity of a total 
body recumbent stepper exercise test to assess cardiores-
piratory fitness. J Strength Cond Res 2008;22:1556-62.

  4.	D avis WJ, Wood DT, Andrews RG, Elkind LM, Davis 
WB. Concurrent training enhances athletes’ cardiovascu-
lar and cardiorespiratory measures. J Strength Cond Res 
2008;22:1503-14.

  5.	D yrstad SM, Hausken K. Using accelerometer to esti-
mate energy expenditures with four equations in four 
training sessions. Int J Appl Sports Sci 2013;25:91-
101.

  6.	D yrstad SM, Hausken K. Comparing Accelerometer and 
Heart Rate Monitor in Interval Running, Interval Spin-
ning and Zumba. Int J Appl Sports Sci 2014;26:18-25.

  7.	H ausken K, Dyrstad SM. Heart Rate, Accelerometer 
Measurements, Experience and Rating of Perceived Ex-
ertion in Zumba, Interval Running, Spinning, and Pyra-
mid Running. J Exerc Physiol Online 2013;16:39-50.

  8.	H ausken K, Dyrstad SM. Determining Activity Energy 
Expenditure from Heart Rate and Physiological Charac-
teristics. J Sports Med Phys Fitness 2014;54:124-8.

the entire interval program in a high %HRmax, 
and that longer recovery periods may be un-
necessary.

Summing up, zumba 60 min has higher EE 
than the three other sessions lasting 45 min, but 
has lower %HRmax and EE measured per min-
ute. 4x4 spinning has slightly lower %HRmax 
and EE than 4x4 running. Pyramid running has 
slightly higher mean %HRmax and EE dur-
ing the entire session than 4x4 running. Even 
though the recovery periods in pyramid run-
ning are only 1 min, this seems sufficient since 
there is only a small difference to 4x4 running 
in %HRmax in the activity periods. The lon-
ger activity periods (22 min vs 16 min) and 
the shorter recovery periods (1 min vs 3 min) 
imply lower %HRmax and EE during activity 
and higher %HRmax and EE during recovery. 
Future research should focus on whether pyra-
mid running is psychologically different from 
4x4 running in that the activity periods shorten 
as the participants get more exhausted, and 
should compare with pyramid running where 
the activity periods gets successively longer as 
opposed to successively shorter.

Conclusions

Some earlier studies have analyzed en-
ergy expenditure for various pure training 
forms such as step aerobics, weight lifting, 
etc.1-4, 9-11, 13, 24 Helgerud et al.15 have analyzed 
the overall impact of various forms of inter-
vals. This paper proceeds beyond these con-
tributions. First, we consider zumba which 
has hardly been analyzed. Second, we com-
pare zumba with three forms of intervals; run-
ning 4x4, spinning 4x4, and pyramid running. 
Third, we explicitly analyze the time factor 
through the sessions. Fourth, we analyze how 
heart rates decrease during 3 min vs 1 min re-
covery periods. Fifth, we scrutinize how heart 
rates increase during short vs long activity pe-
riods. These five kinds of insights impact how 
consumers choose between training forms, and 
impact how producers design and advertize 
training forms for various purposes.

This study provides several benefits for 
coaches and end users. First, we provide a 

P
R
O
O
F

M
IN

ERVA
 M

EDIC
A

PROFF ID.indd   1 10/09/10   14:28



HAUSKEN	E NERGY EXPENDITURE IN FOUR EXERCISE SESSIONS

58	 Gazzetta Medica Italiana - Archivio per le Scienze Mediche	 March 2016

the-dance-party-into-the-health-club/50940786/1 [cited 
2014, Mar 3].

17.	L uettgen M, Foster C, Doberstein S, Mikat R, Porcari 
J. Zumba (R): Is the “fitness-party” a good workout? J 
Sports Sci Med 2012;11:357-8.

18.	 Sanders ME, Prouty J. Zumba (R) Fitness is Gold for All 
Ages. ACSM’s Health & Fitness Journal 2012;16:25-8.

19.	 Faulkner JA, Roberts DE, Elk RL, Conway J. Cardio-
vascular responses to submaximum and maximum effort 
cycling and running. J Appl Physiol 1971;30:457-61.

20.	H iilloskorpi H, Fogelholm M, Laukkanen R, Pasanen M, 
Oja P, Manttari A, et al. Factors affecting the relation be-
tween heart rate and energy expenditure during exercise. 
Int J Sports Med 1999;20:438-43.

21.	 Kinnunen H, Nissilä S. Estimation of exercise energy ex-
penditure from heart rate and aerobic capacity. Proceed-
ings of 5th Annual Congress of the ECSS, Jyväskylä, 
Finland, 19-23 July 2000, p 395 2000.

22.	 Schofield WN. Predicting basal metabolic rate, new 
standards and review of previous work. Human nutrition 
Clin Nutr 1985;39(Suppl 1):5-41.

23.	 Jackson AS, Blair SN, Mahar MT, Wier LT, Ross RM, 
Stuteville JE. Prediction of functional aerobic capac-
ity without exercise testing. Med Sci Sports Exerc 
1990;22:863-70.

24.	R ixon KP, Rehor PR, Bemben MG. Analysis of the as-
sessment of caloric expenditure in four modes of aerobic 
dance. J Strength Cond Res 2006;20:593-6.

  9.	 Kin-Isler A, Kosar SN. Effect of step aerobics training 
on anaerobic performance of men and women. J Strength 
Cond Res 2006;20:366-71.

10.	 Kraemer WJ, Keuning M, Ratamess NA, Volek JS, Mc-
Cormick M, Bush JA, et al. Resistance training combined 
with bench-step aerobics enhances women’s health pro-
file. Med Sci Sports Exerc 2001;33:259-69.

11.	 Kravitz L, Heyward VH, Stolarczyk LM, Wilmerding V. 
Does step exercise with handweights enhance training ef-
fects? J Strength Cond Res 1997;11:194-9.

12.	R ixon KP, Rehor PR, Bemben MG. Analysis of the as-
sessment of caloric expenditure in four modes of aerobic 
dance. J Strength Cond Res 2006;20:593-6.

13.	T ierney MT, Lenar D, Stanforth PR, Craig JN, Farrar 
RP. Prediction of aerobic capacity in firefighters using 
submaximal treadmill and stairmill protocols. J Strength 
Cond Res 2010;24:757-64.

14.	H ausken K, Tomasgaard A. Evaluating performance 
training and step aerobics in intervals. Int J Perform Anal 
Sport 2010;10:279-94.

15.	H elgerud J, Hoydal K, Wang E, Karlsen T, Berg P, 
Bjerkaas M, et al. Aerobic high-intensity intervals im-
prove VO2max more than moderate training. Med Sci 
Sports Exercise 2007;39:665-71.

16.	L loyd J. Zumba brings the dance party into the health 
club 2011 [Internet]. Available from: Available from: 
http://usatoday30.usatoday.com/news/health/wellness/
fitness-food/exercise/story/2011-10-27/Zumba-brings-

Funding.—The study is funded by the University of Stavanger. No conflict of interest exists. The authors thank all participants and 
the students involved in the data collection. We thank Polar, Oslo for excellent service and for lending us a set of Polar team 2 belts 
and RS 100 watches.
Conflicts of interest.—The authors certify that there is no conflict of interest with any financial organization regarding the material 
discussed in the manuscript.
Manuscript accepted: December 22, 2014. - Manuscript received: October 4, 2014.

P
R
O
O
F

M
IN

ERVA
 M

EDIC
A

PROFF ID.indd   1 10/09/10   14:28


