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Abstract
Background: A continuous aerobic exercise program is an effective method of improving calorie consumption on
the metabolism of skeletal muscle. However, studies report that accumulated exercise of 30 minutes divided into
three sessions of 10 minutes is as effective as one continuous exercise session for 30 minutes. As yet, no study has
compared the excess post-exercise oxygen consumption associated with accumulated exercise and continuous
exercise over these timeframes.
Objective: The primary purpose of this study was to compare the excess post-exercise oxygen consumption
associated with performing continuous exercise for 30 minutes and three sessions of accumulated exercise for 10
minutes at the same intensity of 60% VO,max.
Method: Posters about the study were posted on the February 2019 Konkuk university homepage and bulletin
board, and a total of 34 college students (males, n=18; females, n=16) volunteered to participate. Using a balanced
repeated measures crossover design, the subjects randomly took two exercise: continuous exercise (I x 30
minutes) or accumulated exercise (3 x 10 minutes), and the washout period between the two exercises was a week.
All exercises were performed using an ergometer at 60% maximal oxygen consumption. Oxygen consumption
and heart rate were monitored and measured during exercise and after exercise. Lipid profile and lactate acid were
measured at rest, exercise end, exercise end plus 30 minutes, and exercise end plus 60 minutes. IBM SPSS
Statistics 23 was used to perform paired t-test, and the statistically significant difference was set at <.05.
Results: Excess post-exercise oxygen consumption parameters (e.g., total oxygen consumption, total calorie, and
summation of heart rate) were higher in accumulated exercise than in continuous exercise (p<.05). No significant
difference in calorie of during exercise between CEx and AEx (p = .140). No significant difference was observed
in the lipid profile between accumulated exercise and continuous exercise (p>.05). No significant differences were
observed at rest, exercise end plus 30 minutes, exercise end plus 60 minutes in lactic acid in the blood (p <.05).
However, at exercise end, it was significantly higher in the accumulated exercise (p<.01).
Conclusions: This study confirmed that after equalizing energy expenditure for continuous exercise and accumulat
ed exercise in participants in their 20s, accumulated exercise results in higher excess post-exercise oxygen consum
ption than continuous exercise. The data suggests that accumulated exercise may be more effective in reducing bo
dy fat than continuous exercise for a given amount of energy expenditure. [ Ethiop.J. Health Dev. 2020;34(Special
issue-3):84-90]
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Introduction
In modern society, mechanized and automated

to prevent obesity and various diseases associated with
obesity (11). Despite the positive effects of exercise,

conveniences are reducing the amount of physical
activity done by people of all ages. The increase in
sedentary lifestyle promotes the deterioration of
physical function in various respects (1). Additionally,
unbalanced diets and excessive stress threaten people’s
health (2). In Korea, the proportion of obese adults is
about 33.6%, i.e., one in every three is obese, and over
50% are overweight (3,4). The increase in obesity due
to a lack of physical activity and poor eating habits
leads to various lifestyle-related diseases and a range of
socio-economic problems (5,6).

Exercise programs are reported to be the most effective
method of preventing health problems, such as obesity
and lifestyle-related diseases, and improving health
status (7). To promote health, the American College of
Sports Medicine (ACSM) recommends regular weekly
exercise and physical activity for a minimum of 75
minutes at high intensity, 150 minutes at moderate
intensity, or 150 to 250 minutes at light intensity (8).
Regular exercise and physical activity have a positive
effect on increasing the secretion of energy metabolism
hormones, such as epinephrine, norepinephrine, growth
hormone, insulin and cortisol in the blood, and
enhancing the use of fat as an energy source (9,10). In
addition, regular exercise and physical activity have
been reported to improve cardiopulmonary endurance

most people today are reported to be busy, and the lack
of time is cited as the main reason for not being able to
exercise and carry out physical activity regularly (12).
As such, people need a more accessible and practical
exercise and physical activity program that they can
integrate into their busy daily lives.

In recent years, instead of continuous exercise (CEx)
that need to be performed for a long time due to busy
schedules and lack of workout time, accumulated
exercise (AEx) in which the total workout time is
divided into several times are recommended (8).
According to recent guidelines issued by the American
College of Sports Medicine (ACSM), because
continuous exercise (CEx) has a large time constraint,
accumulated exercise (AEx), covering much shorter
exercise periods, is recommended. In ACSM’s
guidelines, the traditional CEx program for over 30
minutes was used as an effective method for solving
calorie consumption and obesity. Recently, AEx that
incorporates three 10-minute sessions of exercise was
reported to be as effective as a single 30-minute session
of CEx (13). Darling et al. (14) report that CEx for 30
minutes at 70% exercise intensity showed more energy
consumption than AEx for 3 x 10-minute workouts.
Cunha et al. (15) reported a higher excess post-exercise
oxygen consumption (EPOC) in AEx than CEx when
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exercising with the same energy consumption at 75%
intensity of VO;R (oxygen consumption reserve). On
the other hand, Schaun et al. (16) reported no
difference in EPOC between CEx and AEX, indicating
the same momentum, and no effect on the total energy
consumption. In another previous study, the EPOC of
70% maximal oxygen consumption (VO,max) was
similar in both CEx and AEx (17), and no significant
difference was observed in energy consumption
between CEx and AEx under the same conditions of
exercise intensity and time (14). Other studies have
reported that fat metabolism during exercise and post-
exercise recovery is different between CEx and AEx of
the same amount of exercise (18,19). Gayda et al. (18)
and Goto ef al. (19) report that despite the similarity in
fat metabolism between the two exercise methods at
moderate intensity, AEx showed a greater fat oxidation
during post-exercise recovery.

Objective

Previous studies (8,13-17) do not produce clear results
on calorie consumption and EPOC with respect to CEx
and AEx under the same momentum conditions.
Moreover, various studies have recently been carried
out to compare the EPOC with respect to the exercise
method (CEx vs AExX) under the same exercise calorie
conditions, however they are insufficient to clarify the
results. Therefore, it is important to verify the exercise
effect of both CEx and AEx through the difference in
EPOC when exercising using the same amount of
calories. Based on this, the objective of this study was
to investigate the difference in EPOC in CEx (30
minutes, one time) and AEx (10 minutes, three times)

with 60% VO.max in male and female college students.

Methods

Participants: Posters about the study were posted on
the February 2019 Konkuk university homepage and
bulletin board, and 34 healthy college students (mean
ages = 23.65 £ 2.17, 18 men, 16 women) who did not
exercise regularly, volunteered to participate. To select
the number of subjects, 16 people were required under
the effect size = .25, a = .05, power = .95, and r = .80,
using G-power 3.1.3 program. In addition, a normality
test confirmed the randomness of sampling and
normality through Shapiro-Wilk. All the participants
answered the  Physical  Activity  Readiness
Questionnaire (PAR-Q+) and the American Heart
Association  (AHA)  Preparticipation  Screening
Questionnaire. The following exclusion criteria were
used: unstable angina, recently cardiac infarction (four
weeks), uncompensated heart failure, severe valvular
illness, pulmonary disease, uncontrolled hypertension,
kidney failure, orthopedic/neurological limitations,
cardiomyopathy, planned surgery during the research
period, reluctance to sign the consent form, drug or
alcohol abuse, and involvement in another study.

Next,  participants  underwent  anthropometric
examinations. All participants were fully acquainted
with the nature of the study and informed of the
experimental risks before signing a written consent
form to participate. It was explicitly stated to the
participants that they could withdraw from the study at
any point. All of the participants completed the pre-test

questionnaires and provided their voluntary consent to
participate.

Experimental design: To test EPOC and energy
expenditure during and after CEx and AEX, a balanced
repeated measures crossover design was used. The
examiner performed gas analyzer calibration (Quark
CPET, Cosmed, Italy) an hour before the participants
arrived, to prevent the occurrence of errors during the
actual measurement, and the same examiner performed
all the measurements. Each participant visited the
laboratory three times. On the first visit, the following
tests were performed: body composition tests (InBody
770, Biospace Ltd, Seoul, Korea), maximal
cardiopulmonary exercise test (CPET, Quark CPET,
Cosmed, Italy), and a test for determining the maximal
values of VO, (VOymax). After performing the
maximal CPETs on the second visit at least 72 hours
later, a continuous cycle ergometer exercise was
performed at 60% of VO,max (1 x 30 minute), and
after at least one week after the second wvisit,
accumulated cycle ergometer exercise at 60% of
VO,max (3 x 10 minutes) were performed. As soon as
both the CEx and AEx sessions ended, participants
came down from the cycle ergometer and, while sitting
on chairs, the EPOC was measured for 60 minutes.

Pre-testing measurements phase: The participants
went through a maximal aerobic exercise test using a
cycle ergometer (Aerobike, Combi 75 XL, Tokyo,
Japan) in order to determine VO,max. The work rate at
50 rpm was 50W for males and 25W for females for
the first 2 minutes, and increased by 25W for males
and 12.5W for females every 2 minutes until
exhaustion, or until participants were unable to
maintain 50 rpm. The criteria used for achieving VO,
max are plateau in oxygen consumption as workload
increases, a respiratory exchange ratio (RER) of greater
than above 1.15, and maximal HR within 10 b/min of
the age-predicted maximum (220—age). All participants
met the first two criteria. Participants’ heart rates were
measured using a Polar V800 monitor (Polar Electro,
Kempele, Finland).

Exercise training protocol phase: The participants
came to the laboratory at 08:00 for a standardized
breakfast, after having fasted for 12 hours and
restraining from vigorous physical activity for 48
hours. Breakfast consisted of two loaves of bread (200
kcal), one boiled egg (80 kcal), one glass of orange
juice (120 kcal) and one glass of water. Participants
rested in a comfortable posture after breakfast and
participated in the experiment after two hours. Ambient
room temperature was maintained at 23 + 1°C. After
10 minutes of quiet sitting, VO,, ventilation and RER
were measured for 5 minutes, with the average used as
baseline.

The participants performed continuous or accumulated
exercise on the cycle ergometer. For both CEx and
AEX, after entering the speed according to the
participant’s exercise intensity on the bicycle, a gas
analyzer was worn. CEx was performed at 60% of
VOomax for 1 x 30 minutes; AEx was performed for
10 minutes. AEx was measured three times in a day, at
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10:00, 13:00 and 16:00. After exercise, while sitting on
a chair wearing the gas analyzer, EPOC measurement
was performed for 60 minutes. When the measurement
was finished, all equipment was removed. When
participants completed each AEx morning session, they
laid down to rest until the next exercise session and
measurement time.

EPOC measurement phase: Immediately after the
exercise, participants sat in chairs while relative VO,
absolute VO, kilocalorie, heart rate (HR), and duration
were monitored continuously for the first 60 minutes of
recovery. The criterion for determining EPOC values
was when VO,, HR, and RER values returned to the
resting baseline. The collection and analysis of lipid
profile and lactic acid were done at rest, end exercise,
exercise end plus 30 minutes and exercise end plus 60
minutes. Total cholesterol (TC), triglyceride (TG),
high-density lipoprotein (HDL) cholesterol, and low-
density lipoprotein (LDL) cholesterol were measured
using a portable digital lipid analyzer (SD LipidoCare,
SD Biosensor, Inc., Seoul, Korea). Blood lactate acid
concentration was determined using a Lactate Pro 2
analyzer (Arkray Inc., Kyoto, Japan).

Measurements: All statistical analyses were done
using IBM SPSS Statistics 23 (SPSS Inc., Chicago, IL,

Table 1: Participants’ characteristics

USA). Data normality was verified using the Shapiro-
Wilk test and descriptive data presented as means =+
standard deviations. The difference between the two
protocols was compared using a paired t-test. Where
the main effects were statistically significant, post hoc
pairwise comparisons were performed with Sidak-
adjusted p-values. Model fit was evaluated using
Hurvich and Tsai’s Criterion. All statistical
assumptions were checked using standard graphical
procedures. Statistical significance was accepted at
p<0.05.

Results

Socio-demographic  characteristics: ~ Thirty-four
healthy college students were recruited for the study.
The mean age of the study participants was 24.28 +
2.49 in males and 22.94 + 1.53 in females. The mean
height (cm) was 177.43 + 7.78 for males and 159.48 +
4.30 for females. The mean weight (kg) was 75.38 +
9.98 for males and 53.88 + 6.10 for females. The mean
body mass index (BMI) (kg/m?) was 23.86 + 2.04 for
males and 21.19 + 2.28 for females, and the lean body
mass (kg) was 61.11 + 8.14 for males and 37.17 + 2.84
for females. Percentage fat mass was 18.74 £ 5.71 for
males, and 30.01 £ 6.06 for females (Table 1).

Variables Total (n=34) Men (n=18) Women (n=16) P-value
Age (years) 23.65+2.17 24.28+2.49 22.94+1.53 .072
Height (cm) 168.98+11.06 177.43+7.78 159.48+4.30 <001
Weight (kg) 65.26+13.67 75.38+9.98 53.88+6.10 <001
BMI (kg/m?) 22.6142.52 23.86+2.04 21.19+2.28 .001
Lean body mass (kg) 49.84+13.60 61.1148.14 37.17+2.84 <001
Fat mass (kg) 15.41+4.99 14.27+5.30 16.71+4.42 158
% fat mass (%) 24.05+8.13 18.74+5.71 30.014+6.06 <001
VO>max (mL/min/kg) 36.84+6.16 41.08+4.49 32.08+3.86 <001

Note: Data are means (£ SD); SD = standard deviation, BMI = body mass index

Excess post-exercise oxygen consumption (EPOC):
The variables related to EPOC were as shown in Table
2, which showed higher values in AEx than in CEx in
all variables: VO, total (p-value <.001, Men, p-value <
.001, Women, p-value = .001), VO,/kg total (p-value <.
001, Men, p-value < .001, Women, p-value = .001),
Kcal total (p-value < .001, Men, p-value < .001,
Women, p-value = .001) and HR sum (p-value < .001,
Men, p-value = .002, Women, p-value = .003). When

the results of oxygen deficiency were examined, all
variables (p-value < .001, Men, p-value < .001,
Women, p-value < .001) showed higher values in AEx
than in CEx. Also, the results for men and women all
variables showed higher values in AEx than in CEx.
Figure 1 shows the homogenization of energy
consumption during exercise. There was no significant
difference in calorie consumption during exercise
between CEx and AEx (p-value = .140).

p=.140, M diff = -2.97
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Figure 1: Comparison of oxygen consumption exercise
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Table 2: Comparison of EPOC in CEx and AEx (* SD)

EPOC 0, deficit
Variables VO total VOy/kg total Kcal total HR sum VO, _total Kcal total HR sum

(mL/min) (mL/min/kg) (kcal/min) —SUM mL/min)  (keal/min) =S4

CEx 11992.4 185.42 58.14 2931.64  594.11 3.39 28.98
+6481.05 +98.94 +31.42  +1560.92  +242.10 +1.35 +8.17

AEx 22101.61 339.26 108.96  4988.83  1627.22 9.38 85.35
+12117.68  +163.46 +58.97  42521.68  +596.59 +3.50 +22.22

A% 84.30 82.96 87.42 70.17 173.84 176.93 194.51

Sig (p-value)  <.001* <.001* <.001* <.001* <.001* <.001* <.001*
CEx  14980.78 204.83 72.80 302621  729.80 4.19 29.00

v 4652974  +£103.40 +31.82  +1346.65  +194.71 +1.06 +8.74

en

AEX 2674227 360.56 132.18 501270  1971.44 11.50 84.28
+13741.16  +184.25 +66.55  +2719.93  +595.86 +3.38 +21.78

A% 78.51 76.03 81.57 65.64 170.13 174.53 184.71

Sig (p-value)  <.001* <.001* <.001* 002%* <.001* <.001* <.001*
CEx  8630.48 163.59 41.65 282524  441.71 2.48 28.28
+4616.70 +91.98 +21.82  +1811.68  +197.76 +1.04 +7.74

Women

AEX  16880.86 315.29 82.84 4961.97  1239.97 6.98 86.55
+735747  +138.39 +3544 4236721  +280.19 +1.58 +23.36

A% 95.60 92.73 98.90 75.63 180.72 181.48 206.05

Sig (p-value) .001* .001* .001* .003* <.001* <.001* <.001*

SD = standard deviation, CEx = continuous exercise, AEx = accumulated exercise, EPOC = excess post-exercise
oxygen consumption, O, = oxygen, VO, = oxygen consumption, HR = heart rate, Sum = summation
* p<.01 significant

Lipid profile and lactate acid: Figure 2 shows the
comparison of lipid profile on EPOC in CEx and AEx.
No significant difference was observed in total

cholesterol, triglyceride, HDL cholesterol, and LDL
cholesterol in all variables (p-value > .05).
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Figure 2: Comparison of lipid profile in EPOC between CEx and AEx
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Figure 3 shows the comparison of lactic acid in the
blood. No significant difference was observed at rest,
exercise end plus 30 minutes and exercise end plus 60

minutes, however at exercise end, it was significantly
higher in the AEx.
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Figure 3: Comparison of lactate acid in EPOC between CEx and AEx

Discussion

Energy expenditure during exercise: No significant
difference was observed in energy expenditure during
exercise between CEx and AEx. These results indicate
that the exercise program in this study was properly
configured, such that there was no difference in the
amount of exercise between the AEx and CEx, and that
the measurement was performed correctly. Peterson et
al. (17) and Goto et al. (19) also reported no significant
difference in energy consumption during exercise
between 30 minutes of CEx and 3 x 10 minutes of
AEx.

Excess post-exercise oxygen consumption (EPOC):
The changes in EPOC parameters in both AEx and
CEx were examined. All EPOC parameters (e.g., total
oxygen consumption, total oxygen consumption per
weight, total calorie, and summation of heart rate) were
significantly higher in AEx than in CEx. AEx showed a
greater EPOC response than CEx, which is consistent
with various previous reports (20-22). Despite the same
exercise intensity and exercise volumes in CEx and
AEX, significant differences in the EPOC parameters
can be interpreted as differences in oxygen deficit.
Oxygen deficit refers to the difference between oxygen
uptake of the body during the early stages of exercise
and during a similar duration in a steady state of
exercise, and it usually occurs for one to four minutes
after the start of exercise until the aerobic metabolism
goes completely to equilibrium (23). Generally, the
oxygen deficit is the same between 30 minutes and 10
minutes of aerobic continuous exercise. However, as
shown in this study, 3 x 10 minutes of exercise results
in three oxygen-deficit cycles, which can induce an
increase in EPOC based on more oxygen deficit (24).
Increasing oxygen deficit and EPOC by AEx activates
the sympathetic nervous system, leading to more
oxidation of fats and energy consumption, which is
similar to interval exercise effects (20,25). Also,
explained by the energy cost of glycogen synthesis
from lactic acid, synthesis of adenosine triphosphate

and phosphocreatine (ATP-PC),
cytokine release (26,27).

and changes in

EPOCs are manifested by exercise for the following
reasons. First, an increase in EPOC appears to
replenish the muscles with myoglobin to resynthesize
the depleted ATP-PC and to supply dissolved oxygen
in the blood (28). Second, due to an increase in
mitochondrial oxygen consumption, the respiratory
muscles and heart rate are maintained at high levels
during the exercise (29,30). Finally, due to increased
secretion of epinephrine and thyroid hormones, oxygen
consumption increases due to the increase in oxidative
phosphorylation (ATP generation) of mitochondria
substrates is stimulated until the hormones are restored
in the circulating blood (30). These three reasons result
in the continued increase in oxidative metabolism to
replenish energy after exercise, leading to the
appearance of EPOC (31,32). Although the EPOC
mechanism was not confirmed in this study, the
increase in oxygen deficiency in AEx is thought to
increase EPOC by inducing more oxidative metabolism
to compensate for post-exercise energy consumption
(33).

Based on the previous studies and this study’s results,
AEx may be seen to increase energy consumption
during the EPOC period after exercise and may support
the claim of higher total calorie consumption than CEx.
Therefore, when performing the same calorie exercise
at the same exercise intensity, the total energy
consumption and EPOC is greater in AEx than in CEx,
which is believed to have a variety of physiological and
clinical benefits, such as the treatment of obesity. In
this regard, various studies comparing the effects of
AEx with CEx in various metabolic disorders also
demonstrates the effectiveness of AEx. Murphy et al.
(33) and Goto et al. (34) verified that long-term AEx
helps with regulating blood pressure, blood sugar,
blood cholesterol and blood lipid concentrations based
on larger EPOC than long-term CEx. Since AEx is
more effective in fat metabolism than CEx, it is
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recommended for people with time constraints who
want to prevent health problems and improve health
status.

Limitations of this study

The main limitation of this study was that the study
participants were exclusively college students in their
20s. Various age groups were not considered. There
will be limits in grafting data from participants in their
20s and applying it to different age groups. Also, the
study did not control extra variables, such as
participants’ diet, exercise and supplement intake.

Conclusions

The objective of this study was to compare the effects
on EPOC of the same amount of exercise performed in
1 x 30-minute CEx session and 3 x 10-minute AEx
sessions. Our study provided that when homogenizing
the energy expenditure of CEx and AEx on a cycle
ergometer, EPOC was higher in AEx than CEx in both
male and female participants in their 20s, suggesting
that AEx may be a more effective strategy than CEx in
using body fat for energy expenditure. Therefore, when
performing the same calorie exercise at the same
exercise intensity, the total energy consumption and
EPOC are greater in AEx, which is believed to have a
variety of physiological and clinical benefits, such as
the treatment of obesity. Also, it is recommended that
AEx may be a more effective strategy in using body fat
for energy expenditure for those who do not exercise
due to a lack of time.

Ethical clearance

All procedures of the study were approved by the
Institutional Review Board of Konkuk University
(7001355-201903-HR-305) in Korea and were
conducted according to the Declaration of Helsinki.

Acknowledgement

This work was supported by the Ministry of Education
of the Republic of Korea and the National Research
Foundation of Korea (NRF-2019S1A5B8099542).

References

1. Ojiambo RM. Physical activity and well-
being: A review of the health benefits of
physical activity on health outcomes. J App
Med Sci. 2013;2(2):69-78.

2. Richardson AS, Arsenault JE, Cates SC, Muth
MK. Perceived stress, unhealthy eating
behaviors, and severe obesity in low-income
women. Nutr J. 2015;14:1-10.

3. Statistics Korea [Internet] Daejeon: Statistics
Korea; 2018. [cited August 15, 2019].
Available from: http://kostat.go.kr.

4. Jung WS, Hwang H, Kim J, Park HY, Lim K.
Comparison of excess post-exercise oxygen
consumption of different exercises in normal
weight obesity women. J Exerc Nutr Biochem.
2019;23(2):22-7.

5. Myers J, McAuley P, Lavie CJ, Despres JP,
Arena R, Kokkinos P. Physical activity and
cardiorespiratory fitness as major markers of
cardiovascular risk: Their independent and

10.

11.

12.

13.

14.

15.

16.

17.

18.

interwoven importance to health status. Prog
Cardiovasc Dis. 2015;57(4):306-14.

D’Isanto T, Manna A, Altavilla G. Health and
physical activity. Sport Sci. 2017;10(1):100-5.
Seneviratne SN, McCowan LM, Cutfield WS,
Derraik JG, Hofman PL. Exercise in
pregnancies  complicated by  obesity:
Achieving benefits and overcoming barriers.
Am J Obstet Gynecol. 2015;212(4):442-9.
American College of Sports Medicine. ACM’s

guidelines for  exercise testing and
prescription. Chapter 8. 10th edition.
Philadelphia:  Wolters  Kluwer/Lippincott

Williams & Wilkins Health, 2017.

Zouhal H, Jacob C, Delamarche P, Gratas-
Delamarche A. Catecholamines and the
effects of exercise, training and gender. Sport
Med. 2008;38(5):401-23.

Bajer B, Vicek M, Galusova A, Imrich R,
Penesova A. Exercise associated hormonal
signals as powerful determinants of an
effective fat mass loss. Endocr Regul.
2015;49(3):151-63.

Vasconcellos F, Seabra A, Katzmarzyk, PT,
Kraemer-Aguiar LG, Bouskela E, Farinatti P.
Physical activity in overweight and obese
adolescents: Systematic review of the effects
on physical fitness components and
cardiovascular risk factors. Sport Med.
2014;44(8):1139-52.

Moore KA, Bouchoucha SL. Exercise beats
anxiety: So why not do it? A lack of time you
say! In: Moore KA, Buchwald P, Nasser F,
Israelashvili M (eds.). Stress and anxiety:
Strategies, opportunities and adaptation.
Berlin: Logos; 2016:7-15.

Sabapathy S, Kingsley RA. Schneider DA,
Adams L, Morris NR. Continuous and
intermittent exercise responses in individuals
with chronic obstructive pulmonary disease.
Thorax. 2004;59(12):1026-31.

Darling JL, Linderman JK, Laubach LL.
Energy expenditure of continuous and
intermittent exercise in college-aged males. J
Exerc Physiol. 2005;8(4):1-8.

Cunha FA, Midgley AW, McNaughton LR,

Farinatti PT. Effect of continuous and
intermittent bouts of isocaloric cycling and
running exercise on excess postexercise
oxygen consumption. J Sci Med Sport.

2016;19(2):187-92.

Schaun GZ, Pinto SS, Praia ABDC, Alberton
CL. Energy expenditure and EPOC between
water-based high-intensity interval training
and moderate-intensity continuous training
sessions in healthy women. J Sports Sci.
2018;36(18):2053-60.

Peterson MJ, Palmer DR, Laubach LL.
Comparison of caloric expenditure in
intermittent and continuous walking bouts. J
Strength Cond Res. 2004;18(2):373-6.

Gayda M, Normandin M, Meyer P, Juneau M,
Nigam A. Comparison of carbohydrate and
lipid oxidation during continuous and

Ethiop. J. Health Dev.2020; 34(Special issue 3)



Effect of accumulated vs continuous exercise 90

19.

20.

21.

22.

23.

24.

25.

intermittent exercise in patients with chronic
heart failure. Can J Cardiol. 2013;29(8):990-2.
Goto K, Ishii N, Mizuno A, Takamatsu K.
Enhancement of fat metabolism by repeated
bouts of moderate endurance exercise. J Appl
Physiol. 2007;102(6):2158-64.

Tucker WJ, Angadi SS, Gaesser GA. Excess
post-exercise oxygen consumption after high-
intensity and sprint interval exercise and
continuous steady-state exercise. J Strength
Cond Res. 2016;30(11):3090-7.

Greer BK, Sirithienthad P, Moffatt RJ,
Marcello RT, Panton LB. EPOC comparison
between isocaloric bouts of steady-state
aerobic, intermittent aerobic, and resistance
training. Res Q Exerc Sport. 2015;86(2):190-
5.

Jung WS, Hwang H, Kim J, Park HY, Lim K.
Effect of interval exercise versus continuous
exercise on excess post-exercise oxygen
consumption during energy-homogenized
exercise on a cycle ergometer. J Exerc Nutr
Biochem. 2019;23:45-50.

Townsend JR, Stout JR, Morton AB, Jajtner
AR, Gonzalez AM, Wells AJ, et al. Excess
post-exercise oxygen consumption (EPOC)
following multiple effort sprint and moderate
aerobic exercise. Kinesiology. 2013;45(1):16-
21.

Scott C. Combustion, respiration and
intermittent exercise: A theoretical perspective
on oxygen uptake and energy expenditure.
Biology. 2014;3(2):255-63.

Ostojic SM, Markovic G, Calleja-Gonzalez J,
Jakovljevic DG, Vucetic V, Stojanovic MD.
Ultra short-term heart rate recovery after
maximal exercise in continuous versus
intermittent endurance athletes. Eur J Appl
Physiol. 2010;108(5):1055-9.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Jelleyman C, Yates T, O’Donovan G, Gray
LJ, King JA, Khunti K, et al. The effects of
high-intensity interval training on glucose
regulation and insulin resistance: A
meta-analysis. Obes Rev. 2015;16(11):942-61.
Gerber T, Borg ML, Hayes A, Stathis CG.
High-intensity intermittent cycling increases
purine loss compared with workload-matched
continuous moderate intensity cycling. Eur J
Appl Physiol. 2014;114(7):1513-20.

Frey GC, Byrnes WC, Mazzeo RS. Factors
influencing excess postexercise oxygen
consumption in trained and untrained women.
Metabolism. 1993;42(7):822-8.

Newsholme EA. Substrate cycles: Their
metabolic, energetic, and thermic
consequences in man. Biochem Soc Symp.
1978;43:183-205.

Hagberg JM, Mullin JP, Nagle FJ. Effect of
work intensity and duration on recovery O,. J
Appl Physiol. 1980;48(3):540-4.

Paoli A, Moro T, Marcolin G, Neri M, Bianco
A, Palma A, Grimaldi K. High-Intensity
Interval  Resistance  Training  (HIRT)
influences resting energy expenditure and
respiratory ratio in non-dieting individuals.
Age. 2012;28:4-5.

Sedlock DA, Lee MG, Flynn MG, Park KS,
Kamimori GH. Excess postexercise oxygen
consumption after aerobic exercise training.
Int J Sport Nutr Exerc Metab. 2010;20(4):336-
49.

Murphy MH, Blair SN, Murtagh EM.
Accumulated versus continuous exercise for
health benefit. Sports Med. 2009;39(1):29-43.
Goto K, Tanaka K, Ishii N, Uchida S,
Takamatsu K. A single versus multiple bouts
of moderate-intensity exercise for fat
metabolism. Clin Physiol Funct Imaging.
2011;31(3):215-20.

Ethiop. J. Health Dev.2020; 34(Special issue 3)



