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Background: /Objectives: A weekly combination of a high volume of moderate-intensity continuous
training (MICT) with a low volume of high-intensity interval training (HIIT) provides important im-
provements in body composition and physical capacities in individuals with obesity. However, previous
studies did not determine the weekly proportions of HIIT and MICT a priori. This study aimed to
investigate changes in body composition, physical capacities and the fat oxidation rate in obese male
adults by comparing a combination of MICT and HIIT, called combined training (COMB), with HIIT for a
12-week period.
Methods: Thirty-four obese male adults (mean age: 39.4 ± 7.0 y; mean body mass index [BMI]
34.0 ± 4.2 kg m�2) participated in this study (n ¼ 18 for COMB, n ¼ 16 HIIT), attending ~ 36 training
sessions. The COMB group performed 3 repetitions of 2 min at 95% of peak oxygen uptake (V’O2 peak)
(e.g., HIIT �20%), followed by 30 min at 60% of VO2 peak (e.g., MICT �80%). The HIIT group performed 5
e7 repetitions of 2 min at 95% of VO2 peak. At baseline (PRE) and at the end of the training period (POST),
body composition, VO2 peak, and the fat oxidation rate were measured. The two training programs were
equivalent in caloric expenditure.
Results: At POST, body mass (BM) and fat mass (FM) decreased by a mean of 3.09 ± 3.21 kg and
3.90 ± 2.40 kg, respectively (P < 0.05), in both groups and V’O2 peak increased in both groups by a mean
of 0.47 ± 0.34 L min�1 (P < 0.05). The maximal fat oxidation rate increased similarly in both groups from
0.32 ± 0.05 to 0.36 ± 0.06 g min�1 (P < 0.05).
Conclusion: COMB training represents a viable alternative to HIIT to improve anthropometric charac-
teristics, physical capacities and fat oxidation in obese male adults.

© 2023 The Society of Chinese Scholars on Exercise Physiology and Fitness. Published by Elsevier
(Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommo

ns.org/licenses/by-nc-nd/4.0/).
1. Introduction

In the last two decades, the number of obese adults has tripled
in developed countries.1 This is mainly due to excess food intake, an
increase in sedentary time, and a decrease in physical activity.2,3

Health consequences associated with obesity include hyperten-
sion,4 type 2 diabetes, cardiovascular disease (CVD), some types of
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cancer and psychosocial complications.5

Compared to lean counterparts, obese individuals have lower
cardiorespiratory fitness (CRF)6 and impaired capacity to oxidize
lipids at rest7 and during physical activity,8 associated with low
insulin sensitivity and a higher clustering of metabolic syndrome
risk factors.9,10 This condition has worsened in recent years due to
the coronavirus disease 2019 (COVID-19) pandemic. Studies have
shown that as physical activity decreases, maximal oxygen uptake
(V’O2 max) also decreases by approximately 0.3e0.4%/day,11 with
negative effects on body weight (increases of ~1.5 kg per month).12

On the other hand, recent evidence suggests that obese adults with
ublished by Elsevier (Singapore) Pte Ltd. This is an open access article under the CC

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:dalleva.mattia@spes.uniud.it
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jesf.2023.01.004&domain=pdf
www.sciencedirect.com/science/journal/1728869X
http://www.elsevier.com/locate/jesf
https://doi.org/10.1016/j.jesf.2023.01.004
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jesf.2023.01.004
https://doi.org/10.1016/j.jesf.2023.01.004


M. D'Alleva, F. Vaccari, F. Graniero et al. Journal of Exercise Science & Fitness 21 (2023) 193e201
a higher level of CRF (typically expressed as V’O2 max) or peak
oxygen uptake (V’O2 peak) have a lower risk of morbidity and
mortality than inactive lean individuals13 and a similar fat oxida-
tion rate compared to lean individuals matched for CRF.14 For these
reasons, aerobic training is recognized as an important lifestyle
intervention in weight management programs for obese in-
dividuals as it creates an energy deficit to reduce body mass (BM),15

improves CRF,16 and optimizes fat oxidation capacity.17,18

In this context, moderate-intensity continuous training (MICT)
is the most prescribed exercise modality in weight management
programs, although high-intensity interval training.

(HIIT) has emerged as an attractive, time-efficient option
compared to MICT.19 HIIT typically combines high-intensity bouts
(i.e., duration between 1 and 4min at� 85% of maximum heart rate
(HRmax)) separated by recovery periods of low-intensity activity or
rest with an average total duration between 4 and 16 min.19,20 In
obese individuals, HIIT improves CRF,21,22 body composition23,24

and fat oxidation25,26 to a greater extent and in a shorter period
(i.e., between 4 and 12 weeks) than MICT. In contrast, a number of
systematic reviews and meta-analyses have reported similar im-
provements in V’O2 peak16 and body composition27,28 induced by
HIIT and MICT in obese adults. However, the heterogeneity22,29 and
the lack of equalization among protocols comparing the effects of
HIIT and MICT28,30 in most of the studies included in the systematic
reviews and meta-analysis may have led to contrasting findings.

Recent studies have shown that the combination of MICT
(30e40 min/session at 65e70% of HRmax or 90% of the first
ventilatory threshold) and HIIT (6e12 min/session at 80e90% of
HRmax or 90% of V’O2 peak)31e33 performed in the same training
session or in a weekly training program induced equal or greater
effects on CRF,31e33 body composition31e33 and substrate oxida-
tion33,34 in lean and obese sedentary adults compared to MICT or
HIIT alone with equal volumes or energy expenditures per session.
Analysing data from previous studies, we observed that weekly
aerobic exercise included a combination of high exercise volumes
at moderate intensity (i.e., 70e94% of weekly exercise) and low
exercise volumes at high intensity (i.e., 6e28% of weekly exer-
cise).31e33 In addition, studies on athletes have suggested that a
combination of moderate- (i.e., ~70e80% of total training volume)35

and high-intensity training (i.e., ~20e30% of total training vol-
ume)35 provides greater improvements in body composition36 and
endurance performance-related variables (e.g., V’O2 max and
lactate thresholds)37,38 than HIIT or MICT alone. To date, to our
knowledge, no studies on individuals with obesity have used a
priori percentages of MICT and HIIT during weekly training to
optimize cardiorespiratory function and the fat oxidation rate
during walking or running.

Thus, the aims of the present study were to determine the ef-
fects of 12 weeks of a combination of HIIT and MICT (combined
training; COMB)34 and HIIT alone on body composition, V’O2 peak,
and the fat oxidation rate in healthy adults with obesity. COMB
training in our study involves a combination of high-volume low-
intensity exercise (�80% of overall training volume) and low-
volume high-intensity training (�20%). Our hypothesis was that
COMB training would result in greater improvements in the
abovementioned parameters than HIIT alone.

2. Material and methods

2.1. Subjects

Thirty-five obese male adults were recruited by researchers
from the School of Sport Sciences of the University of Udine. All
volunteers provided a full medical history and underwent physical
and nutritional examinations. Their BM was stable during the
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previous two months. The inclusion criteria were as follows: 1)
aged between 18 and 50 years, 2) BMI �30 kg m�2, and 3) physi-
cally inactive (i.e., performing less than 30 min of continuous aer-
obic activity on most days) based on the International Physical
Activity Questionnaire Short Form (IPAQ-SF).39 The exclusion
criteria were as follows: 1) previous participation in weight man-
agement programs or 2) presence of cardiovascular, respiratory,
neurologic, musculoskeletal, metabolic and/or endocrine diseases.
None of the volunteers were taking medications regularly or using
any medications known to influence energy metabolism. The data
reported in the manuscript are not a part of a larger dataset.

2.2. Study protocol

The study was approved by the Ethics Committee of the Friuli-
Venezia-Giulia Region (Italy) (protocol number 1764). Before the
study began, the purpose and objective of the study were carefully
explained to each participant, and written informed consent was
obtained.

Participants followed a 12-week weight management program
involving one of two types of physical training programs (COMB vs.
HIIT). Due to the restrictions implemented in Italy during the study
period due to the third wave of the COVID-19 pandemic,40 partic-
ipants were followed at their own homes (see below for details),
ensuring both the ecological validity of the study and participant
safety as well as adhering to public health recommendations at that
time. Participants were randomly allocated (using sealed envelopes
and a 1:1 ratio) into two groups: the COMB (n¼ 18) and HIITgroups
(n¼ 16). A volunteer in the HIIT group left the study before the start
of the study period due to heart disease. Full testing sessions were
conducted just before the beginning (PRE) and at completion of the
3-month weight-management period (POST). The testing sessions
were conducted during one visit and included assessment of
anthropometric characteristics, body composition, and substrate
oxidation during graded exercise; V’O2 peak; and physical and di-
etary habits. In addition, physical capacities were monitored
weekly to individualize physical training.

At the beginning of the intervention period, all participants
received the same general nutritional advice based on the Italian
Guidelines for healthy nutrition41 to avoid confounding effects due
to nutritional variables on the outcomes.

3. Measurements

3.1. Anthropometric characteristics and body composition

BMwas measured to the nearest 0.1 kg with a manual weighing
scale (Seca 709, Hamburg, Germany) with the subject dressed only
in light underwear and no shoes.

Height was measured to the nearest 0.5 cm on a standardized
wall-mounted height board. BMI was calculated as BM
(kg) � height�2 (m). Waist circumference (WC) was measured at
the narrowest point between the lower costal border and the top of
the iliac crest.42 Hip circumference (HC) was measured at the
greatest posterior protuberance.42 Body composition was calcu-
lated by bioelectrical impedance analysis (BIA, Human IM Plus; DS
Dietosystem, Milan, Italy) according to the method of Lukaski
et al.43 The values of fat mass (FM) and fat-free mass (FFM) were
obtained with equations derived in obese people of either different
ages or BMIs (fat-specific formulae) by utilizing a two-
compartment model.44

3.2. Physical capacities and maximal fat oxidation rate

The V’O2 peak values and maximal fat oxidation rate were
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determined by a graded exercise test on amotorized treadmill (H/P/
Cosmos Sports and Medical Gmbh, Germany) under medical su-
pervision. Before the start of the study, individuals were familiar-
ized with the equipment and the procedures. All the participants
avoided strenuous exercise and maintained the same eating habits
the day before the test and came to the laboratory after a 12-h fast.

Each test was undertaken at the same time of the day in the
different periods of the study and comprised a 5-min rest period
followed by walking in stages of 4-min duration. When the respi-
ratory exchange ratio (RER) value reached 1, the duration of each
step was reduced from 4 min to 1 min until voluntary exhaustion.
We modified the protocol proposed by Lazzer et al.45 The starting
treadmill speed was set to 3 km h�1. Then, it increased by 1 km h�1

each step, except in the transition from the first to the second stage,
in which it increased by 2 km h�1. The incline of the treadmill was
kept constant throughout the test at 1%. During the test, ventilatory
and gas-exchange responses were measured continuously by in-
direct calorimetry (CPET, Cosmed, Italy). The flowmeter and gas
analysers of the system were calibrated using a 3-L calibration sy-
ringe and calibration gas (16.00% O2; 4.00% CO2), respectively. For
the duration of the entire test, an electrocardiogram was continu-
ously recorded and displayed online for visual monitoring, and the
heart rate (HR) was recorded with a dedicated monitor (Garmin,
US). VO2 peak was determined for each subject from the last 30 s of
the graded exercise tests.

Fat oxidation rates were obtained from V’O2 and V’CO2 values
determined during the last minute of each workload level17 using
the following equations46:

Fat oxidation rate (g min�1) ¼ 1.67 � V’O2 (l , min�1) -
1.67 � V’CO2 (l , min�1) - 0.307 � Poxi.

Carbohydrate oxidation rate (gmin�1) ¼ 4.55 � V’CO2 (l ,min�1)
- 3.21 � V’O2 (l , min�1) - 0.459 � Poxi.where Poxi is the protein
oxidation rate. Poxi was estimated by assuming that protein
oxidation contributed approximately 12% of resting energy
expenditure46:

Protein oxidation rate (g min�1) ¼ [energy expenditure kJ
min�1 � 0.12] � 16.74�1 (kJ g�1).

The results of the graded exercise test were used to compute the
relationship between the fat oxidation rate as a function of exercise
intensity, expressed as %V’O2 peak. The best fit was obtained with a
second-order polynomial relationship. Before and after the training
program, the graded exercise test was performed following the
same protocol.

3.3. Dietary and physical activity habits

Participants were invited to compile a 4-day dietary record (4-
dDR), recording food and beverage consumption on 2 weekdays
and 2 weekend days, at two time points: PRE and POSTWith the 4-
dDR, instructions on how to record the type and portion size of the
foods consumed were provided.

The intakes of selectedmacro- and micronutrients were derived
after uploading individual food information from the 4-dDRs to
Microdiet V4.4.1 software (Microdiet softwareeDownlee Systems
Ltd., High, Peak, UK), which contains the Italian “Food Composition
Database for Epidemiological Studies in Italy” 47, along with infor-
mation from nutritional labels, when needed.

Physical activity levels were evaluated with the IPAQ-SF.39 The
questionnaire records vigorous-intensity activity, moderate-
intensity activity, walking and sitting duration during the previ-
ous 7 days. The IPAQ-SF scores were converted into metabolic
equivalents (MET-min week�1) using the Guidelines for Data Pro-
cessing and Analysis of the IPAQ.39 Furthermore, health-related
quality of life was investigated with the 12-item Short Form
Health Survey (SF-12). The questionnaire is composed of 12 items
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from which physical (SF-12_PI) and mental health (SF-12_MI)
indices are obtained.48

3.4. Training program

The training program included three training sessions per week
for 12 weeks under otherwise normal living conditions. Subjects
ran or walked (or a combination of the two) on flat terrain, on a
track or city circuit. Each participant monitored their walking/
running speed with the Polar Flow smartphone app (Polar Electro
Oy, Finland) and their HR with the optical heart rate sensor Polar
Verity Sense (Polar Electro Oy, Finland).

In each training session, the COMB group underwent a combi-
nation of high-volume exercise at low intensity (�80% of overall
training volume) with low-volume exercise at high intensity
(�20%),35 as proposed by Borowik et al.34 Each session consisted of
5 min of warm-up (50% of V’O2 peak) followed by 3 repetitions of 2-
min bouts at high intensity (95% of V’O2 peak), separated by 1 min
of walking at low intensity (50% of V’O2 peak), followed by 30 min
of MICT (60% of V’O2 peak)22 (Fig. 1A).

The HIIT group performed 10 min of warm-up at low intensity
(50% of V’O2 peak) followed by 5e7 repetitions of 2-min bouts at
high intensity (95% of V’O2 peak),22,24 separated by 1 min of
walking at low intensity (50% of V’O2 peak), followed by 5 min of
cool down (50% of V’O2 peak) (Fig. 1B). Exercise intensity was
manipulated by adjusting the pace (expressed in min$km�1) cor-
responding to the values of 50, 60 and 95% of V’O2 peak measured
during the graded test and then calculating the corresponding HR
values.

Both groups repeated these training protocols in each training
session. If participants improved their performance capacity, such
that their HR tended to decrease, their speed was increased to
ensure that the HR reached the specified values. After each training
session, all participants reported their rating of perceived exertion
(RPE) on the Borg 6e20 Scale,49 their mean HR (bpm) and the
distance covered (in km). Research assistants and physical trainers
were responsible for verifying that each participant performed the
exercises correctly and completed at least 90% of the training ses-
sions through the online platform Polar Coach (Polar Electro Oy,
Finland). The amounts of energy expended during the training
sessions were similar for both groups: 20 kJ per kg of fat-free mass
(FFM), which corresponds to approximately 1.5 MJ per session, as
shown by Vaccari et al.25 All volunteers were also advised to
practice leisure physical activities during the weekend and
holidays.

3.5. Statistical analyses

The data were analysed using GraphPad Prism version 9.1.0
(IBM, Chicago, USA), with a significance threshold of p < 0.05. All
the results are expressed as the means and standard deviations
(SDs). The normality of data distribution was evaluated using the
ShapiroeWilk test. Sphericity was verified by Mauchly's test; if the
sphericity assumption was violated, a GreenhouseeGeisser
correction was used. To assess training adherence, energy con-
sumption and the total duration of training, unpaired Student's t
tests were used.

Anthropometric characteristics, body composition, V’O2 peak,
training characteristics and data derived from questionnaires and
food diaries were analysed with a 2-way ANOVA or a general linear
mixed model that included the between-subjects factor of group
(COMB or HIIT) and thewithin-subjects factor of time (PRE vs. POST,
i.e., repeated-measures analysis). Significant main effects were
further analysed by the �Síd�ak post hoc test. The same analyses were
applied for the fat oxidation rate during exercise, adding the % of



Fig. 1. Schematic representation of training protocols: Combined training (COMB, panel A) and High Intensity Interval Training (HIIT, panel B).
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V’O2 peak as a fixed factor to examine differences in fat oxidation
rates in response to HIIT or COMB training separately. A three-way
ANOVA or a general linear mixed model (2 groups � 2 time
points � 9 stage measurements) was conducted to examine dif-
ferences in fat oxidation rates during the test between the COMB
and HIIT groups. Finally, the corrected effect size (ES) was calcu-
lated.50 An ES < 0.20 was considered small, <0.50 was considered
medium, and >0.50 was considered large, as proposed by Cohen
et al.51

To estimate the sample size a priori, power analysis of 12 par-
ticipants per group with an F test for repeated-measures ANOVA
with a statistical power of 0.80, a probability a level of 0.05, and an
effect size f of 0.40 (G-Power software, v. 3.1.9.2, Universit€at Kiel,
Kiel, Germany) revealed a predicted improvement of V’O2 peak by
16%.52
4. Results

4.1. Anthropometric characteristics and body composition

Before the intervention, no differences were observed between
the groups in anthropometric characteristics or body composition
except for FM (%) (þ4.0 ± 5.0% COMB group, P ¼ 0.001, Table 1).

At POST, the mean weight loss was 2.55 ± 2.26 kg (P ¼ 0.004;
ES ¼ 0.16, small) and 3.43 ± 3.97 kg (P < 0.001; ES ¼ 0.37, medium)
(Table 1) in the COMB and HIIT groups, respectively. BMI decreased
by 0.83 ± 0.75 kg m�2 (P ¼ 0.003; ES ¼ 0.18, small) in the COMB
Table 1
Anthropometric characteristic before (PRE), and after 3 months (POST) of weight mana
(HIIT) groups.

COMB (n: 18) H

PRE POST P

Age (y) 40.3 ± 6.9 3
Height (m) 1.76 ± 0.07 1
Body mass (kg) 106.6 ± 16.0 104.0 ± 16.0a 1
BMI (kg m�2) 34.5 ± 5.3 33.6 ± 5.2a 3
Waist circumference (cm) 106.6 ± 10.8 104.1 ± 11.3a 1
Hip circumference (cm) 112.9 ± 7.9 112.3 ± 7.7 1
Waist-to-hip ratio 0.94 ± 0.06 0.93 ± 0.07a 0
Fat-free mass (kg) 62.9 ± 6.5 63.9 ± 6.7 6
Fat Mass (kg) 43.6 ± 10.2 40.1 ± 10.2a 3
Fat Mass (%) 40.5 ± 3.5 37.7 ± 4.1a 3

All values are presented as mean ± standard deviation.
BMI: body mass index.
G: group effect, T: time effect; G � T: groups � time effect.

a Significantly different from PRE, P < 0.05.
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group and by 1.15 ± 1.31 kg m�2 (P < 0.001; ES ¼ 0.37, medium) in
the HIIT group. The mean FM loss was 3.84 ± 1.72 kg (P < 0.001;
ES ¼ 0.34, medium) and 3.92 ± 3.08 kg (P < 0.001; ES ¼ 0.80, large)
in the COMB and HIIT groups, respectively, and FM (%) decreased
similarly in the COMB (2.77 ± 1.63%) and HIIT groups (2.63 ± 2.05%)
(P < 0.001; ES ¼ 0.73, large), while FFM did not change significantly
in the COMB and HIIT groups (Table 1). WC decreased both in the
COMB group (-2.53 ± 2.58 cm, P ¼ 0.005; ES ¼ 0.47, medium) and
HIIT group (-2.30 ± 3.93 cm, P¼ 0.020; ES ¼ 0.36,medium), and the
waist-to-hip ratio decreased similarly in both groups
(-0.02 ± 0.02 cm, main effect of time, P < 0.001; ES ¼ 0.15, small).
The HC did not change significantly in either group (Table 1). There
was no significant group � time interaction on any anthropometric
or body composition variable (0.345< P < 0.843) (Table 1).
4.2. Peak oxygen uptake

At PRE, no significant differences were found between the COMB
and HIIT groups in terms of V’O2 peak, V’O2 peak normalized by
FFM or HRpeak (Table 2).

At POST, the absolute V’O2 peak increased in the COMB
(þ16.7 ± 9.6%, P < 0.001; ES ¼ 1.11, large) and HIIT (þ16.0 ± 15.9%,
P < 0.001; ES ¼ 0.92, large) groups. Additionally, V’O2 peak
normalized by FFM increased by 14.4 ± 10.3% (P < 0.001; ES ¼ 1.02,
large) in the COMB group and by 15.5 ± 17.2% (P < 0.001; ES ¼ 1.17,
large) in the HIIT group. However, HRpeak did not change signifi-
cantly (main effect of time, P ¼ 0.092) (Table 2). There was no
gement program in combined training (COMB) and high-intensity interval training

IIT (n: 16) P

RE POST G T G x T

8.3 ± 7.1 0.434
.77 ± 0.07 0.750
03.8 ± 9.3 100.2 ± 9.6a 0.489 0.001 0.345
3.2 ± 2.3 32.1 ± 2.6a 0.352 0.001 0.389
03.6 ± 6.2 101.3 ± 6.3a 0.363 0.001 0.843
11.2 ± 4.5 110.5 ± 3.7 0.450 0.046 0.813
.93 ± 0.06 0.92 ± 0.06a 0.610 0.001 0.732
5.7 ± 7.8 66.0 ± 7.3 0.322 0.110 0.383
8.1 ± 4.7 34.2 ± 4.7a 0.052 0.001 0.623
6.8 ± 3.7 34.2 ± 3.2a 0.006 0.001 0.838



Table 2
Physical capacities and physical activity habits before (PRE) and after 3 months (POST) of weight management program in combined training (COMB) and high-intensity
interval training (HIIT) groups.

COMB (n: 18) HIIT (n: 16) P

PRE POST PRE POST G T G x T

V0O2peak (L min�1) 2.95 ± 0.43 3.42 ± 0.40* 3.12 ± 0.45 3.58 ± 0.52* 0.254 0.001 0.962
V0O2peak (mL min�1 kg�1 FFM) 47.0 ± 6.4 53.8 ± 6.7* 47.5 ± 5.1 54.5 ± 6.5* 0.758 0.001 0.942
HRpeak (bpm) 176.1 ± 15.6 174.5 ± 11.5 175.8 ± 11.2 172.1 ± 13.5 0.794 0.092 0.539
IPAQ_TOT (MET-min week�1) 1665 ± 666 2569 ± 807* 1673 ± 975 2247 ± 735* 0.727 0.040 0.633
IPAQ_VIG (MET-min week�1) 1005 ± 529 1163 ± 442 1136 ± 579 1401 ± 932 0.361 0.238 0.796
IPAQ_MOD (MET-min week�1) 435 ± 250 842 ± 344 462 ± 313 712 ± 326 0.826 0.137 0.710
IPAQ_WALK (MET-min week�1) 710 ± 448 865 ± 363 649 ± 379 635 ± 476 0.683 0.360 0.610
SF12_PI (pt) 49.6 ± 7.6 52.6 ± 3.6 50.4 ± 7.5 51.0 ± 6.5 0.796 0.237 0.440
SF12_MI (pt) 41.5 ± 9.3 42.0 ± 11.9 46.6 ± 9.9 48.2 ± 7.7 0.024 0.650 0.825

All values are presented as mean ± standard deviation.
V0O2peak: peak oxygen uptake, V0O2peak FFM�1: peak oxygen uptake normalized by fat-free mass, IPAQ_TOT: International Physical Activity Questionnaire.
IPAQ_VIG: vigorous activity, IPAQ_MOD:moderate-intensity activity, IPAQWALK: physical activity derived fromwalking, SF12_PI: Short-Form 12, questionnaire about health-
related quality of life concerning physical index, SF12_MI: Short-Form 12, questionnaire about health-related quality of life concerning mental index.
G group effect, T: time effect; G � T: groups � time effect. *Significantly different from PRE, P < 0.05.
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significant group � time interaction effect on HRpeak, V’O2 peak,
V’O2 peak normalized by FFM or HRpeak (Table 2).
4.3. Fat oxidation rate

At baseline, fat oxidation rates during the graded test were not
significantly different between groups (main effect of group,
P ¼ 0.914). The maximal fat oxidation (MFO) rate was observed at
46 ± 6% of VO2 peak in the COMB group (0.31 ± 0.04 g min�1,
Fig. 2A) and at 44 ± 8% of V’O2 peak in the HIIT group
(0.33 ± 0.07 g min�1, Fig. 2B). On average, at exercise intensities
above 60 ± 3% of V’O2 peak, the fat oxidation rate decreased
markedly in both groups, and the contribution of fat oxidation to
the energy supply became negligible above 74 ± 6% of V’O2 peak.

At POST, fat oxidation rates increased in the COMB (main effect
of time, P < 0.001) and HIIT groups (main effect of time, P ¼ 0.009)
without differences between groups at any exercise intensity (main
effect of group, P ¼ 0.984; group � time interaction, P ¼ 0.986)
(Fig. 2A and B). The exercise intensity corresponding to the MFO
rate, expressed as a percentage of V’O2 peak, increased in a similar
manner in both groups (by 6.0 ± 7.0%; main effect of time,
P¼ 0.006). Nomain effect of group or group� time interactionwas
found for the MFO rate.
Fig. 2. Fat oxidation rate as a function of exercise intensity expressed as percent of
peak oxygen uptake (V’O2peak) before (PRE, black points continuous line) and after 3
months (POST, white points dashed line) of weight management program, in com-
bined training (COMB, panel A) and high intensity interval training (HIIT, panel B)
groups.
4.4. Training characteristics

At the end of the training intervention, subjects had performed
34.6 ± 1.2 and 33.7 ± 1.8 training sessions in the COMB and HIIT
groups, respectively (P ¼ 0.137), out of 36 total sessions, without
adverse events. On average, the mean HR during the training ses-
sions was 128 ± 13 bpm and 141 ± 11 bpm in the COMB and HIIT
groups, respectively (P < 0.001). The mean HR increased in both
groups during the 12weeks of the intervention (main effect of time,
P < 0.001) (Fig. 3B), but the COMB group exhibited a lower HR (by
10.6 ± 2.2%) than the HIIT group (main effect of group, P < 0.001)
(Fig. 3B) without a significant group � time interaction.

On average, the energy expended during the training sessions
was 22.9 ± 2.7 and 21.8 ± 2.6 kJ kg�1 of FFM in the COMB and HIIT
groups, respectively (P ¼ 0.208). However, the COMB group
exhibited a greater duration of each training session
(42.6 ± 3.4 min) than the HIIT group (32.6 ± 2.5 min, P < 0.001). The
COMB group performed 86.0 ± 1.0% of the total training volume at
MICT and 14.0 ± 1.0% at HIIT, while the HIIT group spent 62.0 ± 2.0%
of the total training below MICT and 38.0 ± 2.0% at HIIT; thus, the
groups significantly differed (P < 0.001).
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Fig. 3. Mean of rating of perceived exertion (RPE, panel A), Heart Rate (HR, panel B),
and Distance covered (km, panel C) during the 12 weeks of training programs in
combined training (COMB, grey continuous line) and high intensity interval training
(HIIT, black dashed line) groups. All values are presented as mean ± standard deviation.
*Significantly different from COMB, P < 0.05.
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During the 12 weeks of the training intervention, the mean RPE
values were lower in the COMB group (13.0 ± 2.2) than in the HIIT
group (14.3 ± 3.4) (main effect of group, P ¼ 0.035) (Fig. 3A), with
an increase in effort perceived over the 12 weeks in both groups
(main effect of time, P < 0.001) (Fig. 3A). There was a significant
group � time interaction in the RPE (group � time interaction,
P ¼ 0.002).

The mean HR (bpm) increased in both groups during the 12
weeks of the intervention (main effect of time, P < 0.001) (Fig. 3B),
but the COMB group exhibited a lower HR (by 10.6 ± 2.2%) than the
HIIT group (main effect of group, P < 0.001) (Fig. 3B) without a
significant group � time interaction.

On average, the distance (km) covered by each participant
during the 12 weeks of training was 167.9 ± 23.6 km in the COMB
198
group and 156.8 ± 30.7 km in the HIIT group (main effect of group,
P ¼ 0.223) (Fig. 3C).

4.5. Physical activity and nutritional habits

At baseline, physical activity habits, evaluated by the IPAQ, were
similar between the two groups (Table 2). After the training period,
total (IPAQ_TOT) physical activity increased by 98.0 ± 21.3% and
84.8 ± 15.8% (P ¼ 0.033; ES ¼ 1.19, large and P ¼ 0.044; ES ¼ 0.65,
medium, respectively) in the COMB and HIIT groups. Vigorous ac-
tivity (IPAQ_VIG), moderate activity (IPAQ_MOD) and physical ac-
tivity derived from walking (IPAQ_WALK) did not change
significantly in either group (Table 2). The quality of life assessed by
the SF-12, including physical and mental indices, showed no sig-
nificant differences over time in either group (Table 2).

At PRE, no significant differences were found between the COMB
and HIIT groups in terms of energy intake (8667 ± 2183 vs.
8981 ± 2620 kJ day�1; main effect of group, P ¼ 0.721) or macro-
nutrient percentage contribution to total energy intake in terms of
carbohydrates (42.6 ± 5.9 vs. 39.7 ± 8.5%; main effect of group,
P ¼ 0.436), fat (33.1 ± 5.6 vs. 37.5 ± 7.5%; main effect of group,
P¼ 0.232) or protein (16.7 ± 2.9 vs.18.0 ± 3.0%; main effect of group,
P ¼ 0.807). At POST, the mean energy intake was significantly lower
than at PRE in both groups, without differences between groups
(group� time interaction, P¼ 0.981); themean energy intakeswere
7380 ± 1823 kJ day�1 (main effect of time, P < 0.001; ES ¼ 0.62,
large) in the COMB group and 7681 ± 2290 kJ day�1 (main effect of
time, P < 0.001; ES ¼ 0.51, large) in the HIIT group. The proportions
of carbohydrate, lipid, and protein contributions to total energy
intake did not change significantly in either group.

5. Discussion

The present study showed that 12 weeks of COMB training and
HIIT performed by obese male adults induced (1) significant re-
ductions in BM and FM; (2) significant improvements in V’O2 peak;
and (3) similar increases in fat oxidation rates during submaximal
exercise. Furthermore, (4) the COMB group exhibited lower values
of RPE and HR during training than the HIIT group.

The first main finding was that both COMB training and HIIT
produced similar decreases in BM and FM, by ~3 kg and ~4 kg,
respectively. Although energy intake decreased similarly in both
groups after the training intervention, we observed that the com-
bination of moderate energy restriction and aerobic training was
effective in improving body composition.52,53 In particular, in the
COMB group, a short initial bout of high-intensity training (i.e.,
1� 2min of walking or running at 130% of V’O2max, or 5� 1min of
cycling at 100% power max [Pmax] separated by 1 min of passive
recovery) before prolonged moderate-intensity exercise increased
fat oxidation (%) during the moderate-intensity exercise and during
the initial stage of recovery to a greater extent than MICT alone.34,54

In contrast, HIIT increased excess postexercise oxygen consumption
(EPOC) compared toMICT during the slow phase of O2 kinetics in the
recovery phase (i.e., from 30min to 22 h after the end of the training
session).55 This occurs due to greater postexercise fat utilization to
sustain energy demands while glycogen resynthesis occurs56 and
occurs through significant increases in circulating hormones that
promote fat oxidation (i.e., catecholamines and growth hormone),56

although the results are conflicting.45 Thus, through different
physiological mechanisms, our results demonstrate that combining
reduced energy intake with physical exercise (i.e., COMB training or
HIIT) is a useful strategy for both weight- and FM-loss programs for
obese adults. Although we expected that COMB training would have
a greater effect on improving body composition than HIIT in obese
male adults, both exercise intensity and a combination of volume
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and intensitymay be effective in the initial stage ofweight reduction
programs for decreasing BM and FM27,28 due to similar improve-
ments in skeletal muscle capacity for the uptake and oxidation of
fatty acids57 and for increasing both glycogen content and utiliza-
tion,58 which are typically impaired in adults with obesity.59 In
addition, FFM was maintained in both exercise groups, which might
be helpful for maintaining weight loss.28,30

The second main finding was that both COMB training and HIIT
significantly increased V’O2 peak by ~16% in both groups, con-
firming previous results observed in people with obesity (i.e., im-
provements ranging between 15% and 25%)31e33 and highly trained
endurance athletes.60,61 Asmentioned in the Introduction, themain
features of COMB training reported in previous studies were a
combination of MICT (30e40 min/session at 65e70% of HRmax or
90% of the first ventilatory threshold) and HIIT (6e12 min/session
at 80e90% of HRmax or 90% of VO2 peak)31e33 performed in the
same training session and 3 days/week during the long-term
training period (12e16 weeks); these features elicited equal or
superior improvements in V'O2 peak compared to HIIT alone. The
present study applied a combination of high-volume low-intensity
exercise (�80% of the overall training volume) and low-volume
high-intensity exercise (�20%) derived from analysis of the above
studies,31e33 as shown inmiddle- and long-distance runners.35 HIIT
is superior to MICT in improving CRF when energy expenditure is
held constant.22 To our knowledge, this study is the first to apply an
a priori combination of HIIT and MICT in obese individuals,
considering primarily the weekly distribution of HIIT and MICT
rather than the individual training session itself. Although we ex-
pected that COMB training would improve CRF to a greater extent
than HIIT, we observed similar improvements in V’O2 peak. It is
possible that during the initial stage of a weight reduction program,
exercise intensity (rather than volume) is critical in male adults
with obesity.20,22 Nonetheless, based on the few available data, we
confirmed the positive results obtained in previous studies,
expanding upon these findings with an a priori manipulation of
HIIT and MICT (i.e., ~85% MICT and ~15% HIIT). Further studies are
needed to compare various combinations of COMB training over a
long period of time (i.e., �6 months).

In the present study, HIIT may have enhanced V’O2 peak by
increasing stroke volume and maximal cardiac output (central
adaptation).62 In contrast, COMB training may have increased V’O2
peak by increasing mitochondrial content (peripheral adapta-
tion).63 Exercise volume (i.e., a combination of HIITþMICT) is more
important than exercise intensity (i.e., HIIT alone) for promoting
increases in mitochondrial content.64

Another main finding was the increase in fat oxidation over a
wide range of exercise intensity (i.e., 20e80% of VO2 peak), ob-
tained in both the COMB and HIIT groups, without significant dif-
ferences between the two groups. Previous studies have shown
that HIIT increases fat oxidation in individuals with obesity to a
greater extent than MICT alone.25,65,66 However, our study showed
that COMB training increased fat oxidation in obese individuals in a
similar manner to HIIT, as demonstrated earlier in obese young
women.33 The key mechanisms underlying these metabolic adap-
tations induced by HIIT and COMB training appear to be different.
Contrary to the theory that above 80% of V’O2 max, the contribution
of fat oxidation is near negligible,45,67 recent studies have shown
that during HIIT, fat oxidation rates increase (i.e., threefold higher in
well-trained athletes than in moderately active people),18 as
confirmed by metabolomics analysis.68 In fact, fat oxidation during
HIIT, compared to continuous exercise, occurred mainly due to
increased levels of fatty acid transport proteins taking up plasmatic
free fatty acids69 in type II fibres of human skeletal muscle.70 On the
other hand, in COMB training, increased fat oxidation during
MICT34 primarily occurs in type I fibres71 that exhibit high rates of
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intramuscular fatty acid oxidation.72 Thus, in line with a recent
meta-analysis,66 our study showed that combining low-volume
HIIT with high-volume moderate-intensity training (i.e., COMB
training) was effective for improving fat oxidation, metabolic
health and body composition in individuals with obesity.66

In contrast to the physiological data, during the 12 weeks of the
training intervention, the COMB group exhibited lower HR and RPE
values than the HIIT group, in line with previous research in which
both MICT and COMB training were perceived to be less stren-
uous33,73 than HIIT, despite similar improvements in anthropo-
metric and physiological parameters. Nevertheless, the COMB
group covered more kilometres on average (i.e., ~11 km for each
participant) with a greater duration of each training session (i.e.,
~30%) than the HIIT group. Although HIIT is an effective, time-
efficient exercise protocol for improving body composition and
physical capacities in individuals with obesity,21,22 over a long
period of training, high-intensity workout programs could increase
lower limb injury rates,74 and overweight and obese patients
experience fear of joint damage.75 Thus, a weekly training distri-
bution with a low volume of HIIT and the largest volume of MICT
could be recommended in obese adults to increase adherence to
international physical activity guidelines while minimizing the risk
of joint injuries.

The present study has some limitations. First, although we
showed that 12 weeks of COMB training or HIIT, administered with
the same energy restriction, improved body composition and
physical capacities, it remains unclear whether the training pro-
gram was the determining factor for improving body composition,
as we did not have an inactive control group to rule out dietary
factors. Second, our study was carried out on healthy individuals
with obesity; thus, it is not possible to extend our results to obese
people with one or more comorbidities. Third, since we compared
only one a priori COMB training with HIIT, it is difficult to conclude
whether our selected combination ratio was indeed optimal or
whether there are even better combinations.

In conclusion, COMB training and HIIT improved anthropo-
metric and cardiovascular parameters as well as fat oxidation rates
to a similar extent. However, COMB training was less intense than
HIIT, confirmed by lower values of RPE and HR. Future studies
should investigate various combinations of HIIT and MICT (i.e.,
polarized, pyramidal or threshold) over a long period of time (�6
months) and compare them to HIIT and MICT alone to identify the
optimal combination of HIIT and MICT. Such research would pro-
vide more evidence on the use of COMB training in obese adults for
improving body composition and optimizing and maintaining
aerobic fitness.
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