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Background: High-intensity interval training (HIIT) or moderate-intensity continuous training (MICT)
alone has been shown to improve metabolic health, but the effects of alternating the two training ap-
proaches as often practiced in real life remained unclear.
Purpose: To examine the effects of HIIT or MICT alone or alternating HIIT-MICT on cardiometabolic re-
sponses in inactive obese middle-aged men.
Methods: Forty-two participants (age: 42 ± 5 y; BMI: 26.3 ± 2.1 kg m�2) were randomly assigned to four
groups: HIIT (12 x 1-min running bouts at 80e90% HRmax interspersed with 1-min active recovery at 50%
HRmax), MICT (40-min brisk walk at 65e70% HRmax), alternating HIIT-MICT or a non-exercise control
group (CON). Exercise sessions were conducted three times per week for 16 weeks. Maximal oxygen
uptake (VO2max), body composition (by bioelectrical impedance analysis), blood pressure, fasting blood
glucose, insulin resistance (HOMA-IR) and lipid profile were assessed at baseline and after the 16-week
intervention. Enjoyment and self-efficacy were also assessed at the end of intervention.
Results: All exercise groups showed a similar VO2max increase of ~15% (HIIT: 34.3 ± 4.4 vs 39.1 ± 5.4;
MICT: 34.9 ± 5.0 vs 39.4 ± 7.2; and alternating HIIT-MICT: 34.4 ± 5.0 vs 40.3 ± 4.6 mL kg�1min�1)
compared to baseline and CON (all p < 0.05). Weight, BMI, % fat and waist circumference also showed
similar reductions in all exercise groups compared to baseline and CON (all p < 0.05). No significant
group difference was observed for all blood markers. Compared to baseline, total cholesterol decreased
after HIIT-MICT, while HIIT significantly decreased fasting insulin level and improved insulin resistance
(p < 0.05). Enjoyment, self-efficacy and adherence were similar among all exercise groups.
Conclusion: HIIT or MICT alone or alternating HIIT-MICT similarly improve cardiovascular fitness and
body composition in obese middle-aged men despite differences in total training volume and time
commitment.

© 2021 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://

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

Physical inactivity is a leading cause of global mortality and
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increases the risk of non-communicable diseases (NCDs) including
cardiovascular diseases (CVD), obesity, type 2 diabetes (T2D),
certain cancers, and premature mortality.1 Current physical activity
(PA) guidelines typically recommend a minimum of 150 min of
weekly moderate-intensity aerobic PA to enhance health.2,3 How-
ever, compliance with these guidelines around the world is low1

and a frequently cited barrier to is “lack of time.“.4 Therefore, an
effective, time-efficient and enjoyable exercise protocol would hold
great potential for mitigating the detrimental health consequences
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:eric.poon@cuhk.edu.hk
mailto:pmsiu@hku.hk
mailto:waris.w@chula.ac.th
mailto:gibalam@mcmaster.ca
mailto:hsswong@cuhk.edu.hk
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jesf.2021.11.003&domain=pdf
www.sciencedirect.com/science/journal/1728869X
http://www.elsevier.com/locate/jesf
https://doi.org/10.1016/j.jesf.2021.11.003
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jesf.2021.11.003
https://doi.org/10.1016/j.jesf.2021.11.003


E.T.-C. Poon, P.M.-F. Siu, W. Wongpipit et al. Journal of Exercise Science & Fitness 20 (2022) 40e47
of physical inactivity and obesity.
Recent public health promotions have highlighted high-

intensity interval training (HIIT) as an efficacious exercise strategy
that may offer some time savings.5 HIIT is generally defined as
repeated bouts of vigorous but submaximal exercise that elicits
�80% maximum heart rate [HRmax]), interspersed with short pe-
riods of recovery.6 In particular, many HIIT protocols are classified
as “low-volume” in nature, which only lasted�30 min per session.7

Despite the reduced training volume and lower time commitment
relative to moderate-intensity continuous training (MICT), HIIT has
generally been shown to improve cardiovascular fitness,8 cardio-
metabolic health,9,10 weight management11 and cardiovascular
function.12 For instance, a recent study showed that a HIIT protocol
involving 10 � 1min bouts at 80e90% HRmax with 1-min recovery
can elicit a similar improvement of cardiovascular fitness as tradi-
tional higher-volume MICT in overweight/obese middle-aged
men.13 Other recent work also revealed that HIIT and continuous
exercise yield comparable results on insulin sensitivity and various
cardiovascular disease risk factors under work-matched14,15 and
non-matched conditions.16

Despite the supporting health benefits of HIIT, its contribution to
existing PA recommendations, which focuses on continuous exer-
cise remains unclear. The latest Physical Activity Guideline Advisory
Committee Scientific Report17 highlighted that most HIIT in-
terventions are < 12 weeks, which are insufficient to detect clini-
cally meaningful changes. In addition, most studies have compared
HIIT versus MICT alone but have not evaluated the effects of alter-
nating type training (HIIT-MICT) that many individuals might do in
real life. Furthermore, intervention studies evaluating adherence
related psycho-perceptual responses (i.e., enjoyment and self-
efficacy) to HIIT are limited, particularly in physically inactive
adults. While it has been shown that middle-aged men had both a
lower self-efficacy and preference to an acute HIIT session,18 such
responses over a longer period of time merit investigation.

Most HIIT protocols have been performed in well-supervised
and controlled-laboratory or gym conditions using specialized
equipment but these do not reflect the “real-world” practice of
many individuals that often involves mixed training protocols that
alternates HIIT and MICT.19 Research is needed that compares the
efficacy of HIIT, MICT and alternating HIIT and MICT under free-
living conditions.19e21 Recent evidence suggests that an unsuper-
vised HIIT program was well-accepted by overweight/obese adults
over 12 months.22 Yet, further studies conducted in unsupervised
settings are needed to determine if incorporating HIIT in the real
world is more effective in improving clinically relevant car-
diometabolic outcomes and eliciting positive psychological re-
sponses than performing MICT alone.

This study therefore aimed to evaluate the effects of 16-week
alternating HIIT-MICT on cardiometabolic health and adherence-
related psycho-perceptual responses in physically inactive and
obese middle-aged adults in a free-living condition. It was hy-
pothesized that alternating HIIT-MICT would elicit favorable car-
diometabolic health and adherence-related psycho-perceptual
responses as performing HIIT or MICT alone.

2. Methods

2.1. Participants

This study was a randomized controlled trial (RCT) consisting of
three intervention groups and one control group. A total of 48
inactive and obese Asian men aged 40e59 years were recruited
through advertisements in the university, partner institutions,
community centers, and online This particular cohort was chosen
purposefully for the study, since men are typically associated with
41
4e5 times higher coronary heart disease (CHD) mortality risk than
women in middle age.23 The recruitment advertisement only
mentioned that the study was a 16-week intervention for
improving cardiometabolic health in inactive obese middle-aged
men, without specifying the exercise protocols (i.e. to prevent se-
lection bias). Participants were considered as obese if their body
mass index (BMI) > 25.0 kg m�2 according to the World Health
Organization (WHO) standard for the Asian population1 and as
physically inactive if they reported less than 150 min of moderate
or 75min of vigorous PA per week, as assessed via the International
Physical Activity Questionnaire (IPAQ).24 Exclusion criteria included
1) severe high blood pressure (�180/100 mm Hg); 2) taking pre-
scribed medication for chronic health and medical conditions,
including but not limited myocardial infarction, uncompensated
heart failure, or unstable angina pectoris and; 3) any pre-existing
medical or physical issue that could affect training and experi-
mental tests, as outlined by current exercise prescription guide-
lines.2 The screening procedure was conducted by a certified
exercise physiologist in which participants were asked to complete
written consents and a health history questionnaire with a specific
focus on cardiometabolic diseases that may preclude participation
in the study.25,26 We estimated that a sample size of 12 participants
per group would be required to detect an effect size of f ¼ 0.5 be-
tween exercise groups and control group,27 with a power of 0.85 at
an alpha level of 0.05 (G*Power version 3.0.10). This effect size was
deemed reasonable based on determinations made in G*Power
using our hypothesized clinically meaningful maximal oxygen up-
take (VO2max) improvement of 10%27 and typical means, standard
deviations and correlations determined in our laboratory13 and
reported in the literature for VO2max in adults.28,29 Ethical approval
was obtained from the Clinical Research Ethical Committee, CUHK
(Chinese Clinical Trial Registry: ChiCTR1900022132).

2.2. Exercise intervention

The 48 screened participants were randomly assigned to one of
three exercise groups or a control group after baseline assessments.
Block randomization (in blocks of 4) using a counter-balanced
design was performed by a research assistant who was indepen-
dent of the data collection process. All intervention groups per-
formed a standardized 3-min warm-up and 3-min cool-down at
50% HRmax.

(i) HIIT: Twelve 1-min bouts of running at 80e90% HRmax, with
1-min walking at 50% HRmax in between bouts.

(ii) MICT: 40-min of brisk-walking at 65e70% HRmax for each
session.

(iii) Alternating group (HIIT-MICT): Alternate between the
abovementioned HIIT and MICT protocols for each consecu-
tive session.

(iv) Control (CON): No specific exercise intervention was given.

The total energy expenditure of each exercise session was
matched for all of the experimental groups based on oxygen uptake
data previously collected in our laboratory18 and confirmed by
subsequent HR regression analysis. Participants were required to
exercise three times per week on non-consecutive days for 16
weeks (i.e., 48 sessions in total).

Running, jogging or brisk walking could be performed on a
treadmill or outdoors based on participants’ preference, as long as
the prescribed HR intensities were achieved. The first 2 sessions
included one-on-one supervised training, specific to the exercise
intervention prescribed to participants in a laboratory setting. From
the third session onwards, participants were instructed to perform
their prescribed exercise in an unsupervised free-living condition.
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This methodological approach has been employed in previous
research30,31 to address adherence to HIIT under unsupervised
conditions.

As most physically inactive participants in the current study had
a relatively low fitness level, a progressive approach was adopted in
the intervention, which has been commonly employed.13,32,33 For
the first two weeks, participants performed 50% of the duration of
the designated exercise protocol. Therefore, the HIIT protocol was 6
x 1-min interval (instead of 12 repetitions) while the MICT protocol
comprised 20-min of continuous exercise. In the third and fourth
week, the volume progressed to 75% of the total duration of the
protocols. Finally, the participants performed the full duration of
the prescribed exercise in the remaining sessions. The total time
commitment of each protocol, therefore, ranged from ~17e29 min
for HIIT and ~26e46 min for MICT (including warm-up and cool-
down). Notably, the MICT alone group was designated to accumu-
late approximately ~150-min of moderate-intensity exercise per
week, in accordance with the current PA guidelines.2,3 Each
participant wore a heart rate (HR) monitor (H10, Polar Electro,
Finland) for every exercise session to monitor exercise intensity.
The HR monitors collated all exercise session data (including HR
and energy expenditure) and were used to confirm the target in-
tensity and session adherence (i.e., % of prescribed sessions atten-
ded). No specific behavioral counseling sessions were given to the
participants. As fitness levels were likely to increase as the inter-
vention progresses, a research assistant (unaware of the study
purpose) informed the participants to adjust the running/walking
speed accordingly to ensure individuals always exercise at their
assigned HR on a monthly basis. Other than that, the researchers
and the assistant avoided contact with participants during the
intervention to let them follow the protocol based on their own
choice and checked the overall session adherence at the end of the
intervention. Similar monitoring approaches have been used in
previous intervention studies.30,34 All participants were asked to
maintain their usual daily PA outside the lab throughout the study
period.

2.3. Cardiometabolic and cardiovascular markers

All cardiovascular and metabolic indices (shown in Table 1)
were measured at: (i) baseline and (ii) at least 48 h (within 5 days)
after the final session of the 16-week intervention at the Exercise
Physiology Laboratory, Department of Sports Science and Physical
Education, CUHK. Participants were instructed to avoid strenuous
exercise for at least 24 h and caffeine consumption for at least 12 h,
prior to each visit for testing. Each test took place at the same time
of the day (i.e., 8a.m.e10a.m.). In the 24 h before the baseline test,
participants were also required to record their food intake, and
were instructed to replicate the same diet on the day before the
post-test.

2.4. Cardiovascular fitness

Participants performed a standardized Bruce Protocol ramp
treadmill test to assess their cardiovascular fitness (i.e. VO2max) and
HRmax. The detailed procedure of this test has been described
elsewhere.35 Briefly, participants started exercising at 1.7 miles per
hour (mph) on a 10% grade. The speed and incline of the treadmill
increased every 3 min. The test was conducted until volition
exhaustion. Achievement of VO2max was evaluated based on the
following criteria as recommended36: (1) a respiratory exchange
ratio of greater than or equal to 1.10; (2) failure of heart rate to
increase with increases inworkload; (3) post-exercise blood lactate
�8.0 mmol/L. All participants were able to achieve VO2max based on
these criteria. Blood lactate was measured via capillary blood
42
samples from the fingertips with a portable analyser (Lactate Plus,
Nova Biomedical, Waltham, Massachusetts). HR was recorded
continuously during the test using HR telemetry (H10 Sensor, Polar,
Finland) and HRmax was determined as the highest value recorded
at the end of test. Individual HR data collected from the VO2max test
were used to prescribe the intensity for the subsequent training
sessions.

2.5. Body composition and anthropometry

A Bioelectrical Impedance Analysis (BIA) scale (MC-780MA,
Tanita, Japan) was used to measure body weight, body mass index
(BMI), whole body and regional fat mass, and lean body mass
(LBM). Participants were measured wearing light clothing and bare
feet after being asked to void their bladders. Individual data were
input into the BIA scale following the manufacturer's instruction.
Waist circumferencewasmeasuredwith an anthropometric tape to
indicate central obesity based on WHO classification for Asian
adults.37

2.6. Blood biomarkers

Twelve-hour fasted venous blood sampling (20 mL) was per-
formed by a qualified nurse. Glucose was measured using the
enzymatic-amperometric method (Biosen-C; EKF Diagnostics,
Germany) with an intra-assay coefficient of variation (CV) of 0.5%.
Lipid profile was measured via commercially available kits (RX
Monza; Randox Biosciences, UK). Total cholesterol was measured
via cholesterol oxidase, esterase, and peroxidase colorimetric
method and had an intra-assay CV of 1.3%. High-density lipoprotein
(HDL) cholesterol was measured by the polyethylene glycol direct
method while low-density lipoprotein (LDL) cholesterol was
assessed using the directmethodwith an intra-assay CV of 0.7% and
1.3%, respectively. Triglyceride was measured using the enzymatic
method without glycerol blanking with an intra-assay CV of 1.3%.
Insulin was measured using an enzyme-linked immunosorbent
assay (ELISA) (Insulin ELISA; Mercodia AB, Sweden). The average of
duplicate measures for each marker was reported. A homeostasis
assessment model for insulin resistance (HOMA-IR) was used to
estimate overall insulin resistance.38 It was calculated according to
the formula: [glucose] (mmol/L) � [insulin] (mU/mL)/22.5.38

2.7. Blood pressure

Blood pressure was measured at the brachial artery using a
clinical automatic blood pressure monitor (M7, Omron, Japan) and
cuff following 10 min of supine rest in a quiet place. Two readings
(with 1-min interval) of systolic blood pressure (SBP) and diastolic
blood pressure (DBP) were averaged.

2.8. Psychological responses

Exercise enjoyment and self-efficacy were assessed at the end of
the 16-week exercise intervention. Perceived enjoyment of the
three protocols was assessed using the original English version of
Physical Activity Enjoyment Scale (PACES). This validated instru-
ment39 is suitable for use as a mediator variable for devising in-
terventions for promoting PA.40,41 Participants were asked to
complete the scale determine which protocol they perceived as
being more enjoyable.

Self-efficacy is the perception of confidence in performing
certain actions. Feeling of competence and confidence are sug-
gested as the key psychological drivers of exercise compliance.42,43

Three factors (task, scheduling, and coping) related to exercise self-
efficacy were assessed by a 5-item questionnaire.44 Each item was



Table 1
Anthropometric, cardiometabolic and dietary outcomes in all groups at baseline and post-intervention (mean ± SD).

HIIT-MICT (n ¼ 11) HIIT (n ¼ 11) MICT (n ¼ 10) CON (n ¼ 10) ANCOVA

Pre Post Pre Post Pre Post Pre Post P-value h2
p

Age (yr) 40.2 ± 5.3 40.5 ± 7.1 40.1 ± 3.6 44.8 ± 6.5
VO2max (mL/min/kg) 34.4 ± 5.0 40.3 ± 4.6**# 34.3 ± 4.4 39.1 ± 5.4**# 34.9 ± 5.0 39.4 ± 7.2**# 36.4 ± 7.2 36.1 ± 7.0 0.009 0.16
HRmax (bpm) 183 ± 10 181 ± 9 181 ± 17 179 ± 17 183 ± 8 181 ± 6 180 ± 8 177 ± 6 0.875 0.02
Exhaustion Time (min) 10.9 ± 0.8 11.7 ± 0.9**# 10.7 ± 1.3 11.4 ± 1.0**# 10.7 ± 1.1 11.4 ± 1.2**# 10.3 ± 1.4 10.0 ± 1.3 0.001 0.17
Maximal speed (mph) 4.3 ± 0.2 4.6 ± 0.4**# 4.3 ± 0.4 4.5 ± 0.4**# 4.4 ± 0.4 4.5 ± 0.4**# 4.2 ± 0.4 4.2 ± 0.4 0.001 0.15
Maximal inclination (%) 16.2 ± 0.6 16.9 ± 1.0**# 16.2 ± 1.1 16.8 ± 1.0**# 16.5 ± 1.0 16.8 ± 1.0*# 16.0 ± 1.1 16.0 ± 1.1 0.001 0.14
Weight (kg) 77.3 ± 7.4 76.5 ± 7.6*# 78.3 ± 8.6 77.0 ± 8.2*# 77.7 ± 11.2 76.5 ± 11.7*# 80.9 ± 7.2 81.7 ± 7.4 0.025 0.07
BMI (kg$m�2) 26.1 ± 2.2 25.8 ± 2.2*# 26.3 ± 2.4 25.9 ± 2.3*# 26.7 ± 2.6 26.3 ± 2.7*# 26.7 ± 1.6 26.9 ± 1.7 0.025 0.07
Fat (%) 24.0 ± 3.1 23.0 ± 3.4**# 23.9 ± 3.4 22.5 ± 2.9**# 23.9 ± 3.3 22.3 ± 3.7**# 22.7 ± 2.3 22.9 ± 2.6 0.001 0.09
Waist Circumference (cm) 87.5 ± 6.4 85.8 ± 6.2**# 87.0 ± 5.9 85.3 ± 6.0**# 86.8 ± 5.0 84.6 ± 5.1**# 91.4 ± 6.3 91.4 ± 6.2 0.046 0.07
Systolic BP (mm Hg) 123.2 ± 9.6 123.1 ± 11.6 126.1 ± 13.3 121.4 ± 10.1 115.3 ± 10.0 115.0 ± 10.7 127.8 ± 7.0 119.9 ± 8.0 0.074 0.03
Diastolic BP (mm Hg) 79.3 ± 9.6 77.6 ± 8.4 80.1 ± 6.2 76.8 ± 6.8 72.1 ± 6.5 71.4 ± 5.8 80.9 ± 5.3 80.1 ± 7.2 0.837 0.02
Total Cholesterol (mmol/L) 6.02 ± 0.54 5.43 ± 0.53* 5.99 ± 0.62 5.73 ± 0.66 5.78 ± 0.58 5.53 ± 0.79 5.60 ± 0.95 5.38 ± 0.59 0.512 0.02
HDL (mmol/L) 1.40 ± 0.36 1.33 ± 0.45 1.31 ± 0.42 1.26 ± 0.35 1.07 ± 0.15 1.10 ± 0.28 1.31 ± 0.45 1.16 ± 0.33 0.450 0.03
Triglyceride (mmol/L) 1.50 ± 0.71 1.40 ± 0.61 1.85 ± 0.76 1.70 ± 0.54 1.77 ± 0.57 1.55 ± 0.60 1.40 ± 0.55 1.53 ± 0.89 0.304 0.02
LDL (mmol/L) 3.93 ± 0.42 3.46 ± 0.68* 3.84 ± 0.36 3.69 ± 0.63 3.89 ± 0.56 3.72 ± 0.63 3.47 ± 0.85 3.51 ± 0.69 0.410 0.03
Fasting Glucose (mmol/L) 5.53 ± 0.46 5.65 ± 0.28 5.62 ± 0.56 5.55 ± 0.35 5.32 ± 0.25 5.45 ± 0.24 5.48 ± 0.62 5.39 ± 0.41 0.267 0.03
Fasting insulin (pmol/L) 59.4 ± 29.6 56.4 ± 20.2 54.2 ± 27.0 43.0 ± 8.3* 58.7 ± 30.1 60.8 ± 35.7 65.7 ± 29.5 63.7 ± 23.1 0.107 0.06
Insulin resistance (HOMA-IR) 1.14 ± 0.56 1.09 ± 0.38 1.23 ± 0.50 0.83 ± 0.16* 1.11 ± 0.55 1.16 ± 0.67 1.25 ± 0.56 1.21 ± 0.43 0.096 0.05
Energy Intake (kcal) 1913 ± 131 1946 ± 123 1878 ± 121 1901 ± 143 1891 ± 135 1924 ± 143 1913 ± 128 1936 ± 130 0.454 0.02
Carbohydrates (g) 253 ± 56 241 ± 52 242 ± 51 237 ± 54 234 ± 56 244 ± 54 248 ± 52 241 ± 57 0.346 0.02
Protein (g) 94 ± 20 101 ± 25 90 ± 20 95 ± 27 96 ± 22 93 ± 22 93 ± 24 101 ± 21 0.746 0.02
Fat (g) 56 ± 18 59 ± 16 61 ± 18 64 ± 13 63 ± 15 64 ± 12 56 ± 12 59 ± 19 0.356 0.03

Note: BMI, body mass index, BP, blood pressure, HDL, high-density lipoprotein cholesterol; HOMA-IR, homeostasis assessment model for insulin resistance; HRmax, maximal
heart rate; LDL, low-density lipoprotein cholesterol; VO2max, maximal oxygen uptake.
*pre vs post (p < 0.05). ** pre vs post (p < 0.01). # indicates significant group difference compared to CON upon pairwise comparison (p < 0.05).
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rated between 1 (no confidence) to 10 (complete confidence). The
scores for each factor were then combined for subsequent analysis.
Participants' self-efficacy was assessed via a 5-item questionnaire45

designed to determine participants' confidence to repeat their ex-
ercise task. All questions included the same stem, “How confident
are you that you can …” and the 5-items were: “perform (one to
five) session(s) of exercise per week for the next 4 weeks that is just
like the one you completed throughout the intervention?” Re-
sponses were scored as a percentage of 0% (Not at all) to 100%
(Extremely confident) in 10% increments, and then averaged for the
five items. Participants were asked to complete the scale at the end
of the 16-week intervention. The self-efficacy scale demonstrated
good internal consistency (a0s ¼ 0.9) in the present study.

2.9. Dietary intake

Participants were instructed to maintain their usual diet
throughout the exercise intervention, in accordance with existing
intervention studies on HIIT.34,46 A validated three-day food diary
assessment (on two weekdays and one weekend day) were con-
ducted before and after the intervention47 to control for dietary
influence, ensuring all observed post-test changes are due to the
exercise intervention. Completed dietary records were analyzed
using the online database of the Centre for Food Safety, Hong Kong
by a registered dietician. The total amount of calories and macro-
nutrients (i.e. carbohydrate, fat and protein) were assessed.

2.10. Statistical analysis

Data were analyzed using SPSS (Version 22.0). All continuous
variables were presented as means and standard deviation. Mean
differences among groups (HIIT, MICT, HIIT-MICT and CON) for each
cardio-metabolic variable were tested by analysis of covariance
(ANCOVA), while controlling for baseline values. This statistical
approach was chosen as it has shown to be generally more
43
powerful than a two-way repeated-measures ANOVA (group main
effect and time by group interaction) when interest lies in group
differences in change from pre-test to post-test.48 Additional
paired-sample t-tests were used to examine within-group time
effect. Psychological variables were tested by one-way analysis of
covariance (ANOVA). When a significant F-ratio was obtained,
Bonferroni post hoc analysis was performed for pairwise compar-
isons. The threshold for statistical significance was set at the 0.05
level (2-sided).

To estimate practical relevance of the ANCOVA between group
effects, effect sizes (partial eta squared, h2

p) were calculated. An
h2

p � 0.01 indicates a small, � 0.06 a medium and � 0.14 a large
effect.49 Additionally, effect sizes comparing pre-post changes
within each group were calculated using Cohen's d to indicate the
magnitude of standardized mean difference (SMD) where appro-
priate.50 Scores of 0.2, 0.5 and > 0.8 were considered small, mod-
erate and large effect sizes, respectively.
3. Results

3.1. Training characteristics

Six participants withdrew from the study unexpectedly owing
to scheduling conflicts (n ¼ 3), injuries unrelated to the study
(n ¼ 2) and family issues (n ¼ 1). Thus, 42 participants completed
all required testing and their data were included in the subsequent
analysis (see Fig. 1). Their baseline PA level was 60 ± 23 min/week
for moderate-intensity PA and 23 ± 13 min/week for vigorous-
intensity PA, according to pre-intervention IPAQ analysis. The
average energy expenditure of the HIIT, MICT and alternating group
was 311 ± 22 kcal, 325 ± 28 kcal and 319 ± 26 kcal per exercise
session. The average intensity was 86 ± 6% and 68 ± 5% of HRmax for
each session of HIIT and MICT respectively, indicating that the
participants were able to comply with the prescribed exercise in-
tensity throughout the intervention.



Fig. 1. CONSORT flow diagram of Study.
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3.2. Cardiovascular fitness

All exercise groups showed a similar VO2max increase of ~15%
(SMD ¼ 0.7e1.2). Taken baseline values into account, ANCOVA
revealed a large and significant between group effect for VO2max
(p < 0.01, h2

p ¼ 0.15). Post-hoc analysis showed that VO2max in all
exercise groups were higher compared to CON after the 16-week
intervention (all p < 0.05, Table 1 and Fig. 2). Exhaustion time,
maximal speed and inclination attained in Bruce treadmill test
showed large and significant between group effect (p < 0.01,
h2

p ¼ 0.14e0.17), while pairwise comparisons showed significant
improvements of these variables in all exercise groups compared to
CON (all p < 0.05, Table 1). There is no significant time or group
difference in HRmax (all p > 0.05, Table 1).
Fig. 2. VO2max before and after the 16-week intervention. Values are mean ± SD. *in

44
3.3. Body composition and anthropometry

Weight, BMI, % fat and waist circumference showed similar re-
ductions in all exercise groups (SMD ¼ 0.2e0.5). ANCOVA, again
taken baseline values into account, revealed a moderate and sig-
nificant between group effect for weight, BMI, % fat and waist
circumference (p < 0.05, h2

p ¼ 0.06e0.09). Post-hoc analysis
showed that these body composition and anthropometric variables
in all exercise groups were lower at post-intervention compared to
CON (all p < 0.05, Table 1).
3.4. Cardiometabolic blood markers

ANCOVAdid not reveal significant group differences for all blood
markers at post-intervention (p > 0.05, h2

p ¼ 0.02e0.06; Table 1).
dicates significant post-training group difference compared to CON (p < 0.05).
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Compared to baseline, total cholesterol and LDL decreased after
HIIT-MICT (p < 0.05, SMD ¼ 0.8), while HIIT showed significant
decrease in fasting insulin (p < 0.05, SMD ¼ 0.5) and improved
insulin resistance (p < 0.05, SMD ¼ 0.9) after the 16-week
intervention.

3.5. Dietary intake

Energy and macronutrient did not show significant time or
group difference for all groups (all p > 0.05), suggesting that par-
ticipants did not change their diet throughout the 16-week inter-
vention (Table 1).

3.6. Psychological responses and exercise adherence

No significant differences for enjoyment (p ¼ 0.789) and self-
efficacy score for the three groups (p ¼ 0.345). Meanwhile exer-
cise adherence was satisfactory and similar in both groups (>80%
attendance rate, p ¼ 0.576) (Table 2). One minor injury incident
(knee pain) was reported in the HIITgroup but the participant could
resume training normally after a short period of rest (i.e. a few
days). No other incidence of adverse events related to training was
reported.

4. Discussion

The major finding of the current study was that 16 weeks of
training using HIIT or MICT alone or an alternating model of HIIT-
MICT was similarly efficacious for improving cardiorespiratory
fitness and other health-related markers in previously inactive and
obese middle-aged men. This study also extends the previous
literature by using a real-world approach to compare the efficacy of
HIIT or MICT alone or alternating HIIT-MICT under an unsupervised
free-living setting.

Low cardiovascular fitness, indicated as maximal oxygen uptake
(VO2max), is a consequence of physically inactive lifestyle and a
powerful predictor of premature cardiovascular mortality.51 The
majority of literature has suggested that both HIIT and MICT can
elicit large improvements in the VO2max of healthy, young to
middle-aged adults.8,52 Most of these studies, however, only
separately compare the efficacy of single interventions such as
MICT alone or HIIT alone. To date, limited research has investigated
the potential benefits of alternating HIIT-MICT on cardiovascular
and cardio-metabolic health. Recently, 2 years of supervised com-
bined HIIT-MICTconsisting of 30min of exercise 4e5 days per week
including at least 1 HIIT session (4 x 4-min at 90e95% HRmax with
3-min active recovery) was effective in reducing cardiac stiffness,
decreasing resting HR and improving cardiovascular fitness in
previously sedentary middle-aged adults.53

To the best of our knowledge, however, only one study has
compared the combined effect HIIT-MICT and MICT alone.54 Rox-
burgh et al. investigated the effectiveness of MICT alone (5 days per
week) versus MICT (4 days per week) combined with a single
weekly bout of HIIT on cardiovascular fitness over 12 weeks. Both
protocols elicited clinically meaningful improvements in cardio-
vascular fitness but no significant group difference was found. Our
Table 2
Psychological outcomes in all exercise groups after the 16-week intervention (mean ± S

HIIT-MICT (n ¼ 11)

Enjoyment (score out of 126) 102.5 ± 8.0
Self-Efficacy (score out of 100) 66.3 ± 14.3
Exercise Adherence (% of prescribed sessions completed) 85.8 ± 4.2
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current study add novelties to the existing body of evidence by
revealing that alternating HIIT-MICT can elicit comparable im-
provements in cardiovascular fitness as performing HIIT and MICT
alone. All exercise groups induced a similar and substantial VO2max
increase (approximately 5e6 mL kg�1$min�1). Of note, such
magnitude of improvement likely has significant clinical relevance.
Given that cardiovascular function decreases with primary aging
and that each 1- metabolic equivalent increase in cardiovascular
fitness is associated with a 13% and 15% reduction in all-cause and
CVD mortality respectively,27 our study suggested both alternating
or single type training could also be a feasible approach to enhance
cardiovascular function in physically inactive and obese middle-
aged adults.

Another highlighted aspect of the present study was the sig-
nificant and similar reduction of weight, BMI, % fat and waist
circumference in all exercise groups over the 16-week intervention.
This result was in accordance with recent systematic evidence
which suggested both HIIT and MICT could induce modest body
composition improvements.55 While some studies suggested that
HIIT may induce fat loss more effectively than MICT by several
proposed mechanisms, including increased excess post-exercise
oxygen consumption (EPOC), decreased post-exercise appetite
and catecholamine release that elevate tissue lipolysis,56 our result
did not reveal significant difference between all exercise groups. It
is worth noting that the energy expenditure of each exercise ses-
sion was matched for all exercise groups. Participants also did not
change their diet throughout the intervention according to our
dietary analysis. From aweightmanagement point of view, it is thus
possible that the lack of caloric expenditure and intake difference
among the three exercise groups may make the group difference in
body weight and composition change not clinically relevant over
the 16-week intervention.

We found no group difference in all measured blood markers
and blood pressure. This similarity in response is consistent with
existing literature, which suggests that HIIT promotes similar car-
diometabolic blood marker improvement in comparison to MICT.57

A possible explanation for our finding could be that most partici-
pants already presented blood markers and blood pressure within
standard-range at baseline, and thus reducing the likelihood of
observing notable group difference. Yet, total cholesterol and LDL
decreased after HIIT-MICT, while HIIT significantly decreased fast-
ing insulin level and improved insulin resistance when compared
to baseline, although these variables did not differ significantly
upon group comparison at post-intervention. Further research
investigating the cardiometabolic health benefits of HIIT/MICT or
their combination could be carried out in different clinical pop-
ulations (e.g. hypertensive, diabetic and metabolic syndrome
patients).

As for the psychological responses, no significant group differ-
ence for enjoyment and self-efficacy were found. While the phys-
iological benefits of HIIT have been demonstrated in this study and
others,6 a typical public health concern is how the general popu-
lation, particularly inactive and less fit middle-aged individuals,
perceive HIIT and whether they can adhere to it in the long term.58

Findings to date have been conflicting with some studies reporting
positive affect and/or enjoyment in response to a single bout of HIIT
D).

HIIT (n ¼ 11) MICT (n ¼ 10) Group Difference (P Value)

109.1 ± 11.1 109.1 ± 9.5 0.789
61.2 ± 13.9 60.3 ± 17.2 0.345
84.0 ± 8.4 83.8 ± 4.3 0.576
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compared to MICT,59e61 while others reported contradictory find-
ings.62 Such mixed results towards psychological responses to HIIT
is likely explained by the heterogeneity of protocol used (e.g.,
relative intensity, duration and total number of work bouts
completed) and participants’ background (e.g., age, activity level
and obesity level etc.). Nevertheless, both the HIIT group and
alternating group in the present study showed satisfactory atten-
dance rate (>80%) and high level of enjoyment, and reported no
adverse events, suggesting that it is a practical and well-tolerated
exercise option for inactive middle-aged obese adults when per-
formed in an unsupervised free-living setting.

This study has several strengths including investigating car-
diometabolic changes and psychological outcomes under a ran-
domized control research design that mainly performed in free-
living conditions which provide more real-life implications. In
addition, this study also used accurate and reliable measures of
cardiorespiratory fitness and blood sampling, monitoring partici-
pant's diet before and after the intervention and a satisfactory
adherence in all exercise groups. Despite these strengths, it is
acknowledged that only middle-aged male participants were
recruited and hence caution should be taken when generalizing to
younger and elderly men, as well as women. Another limitation is
that this study tested only fasted samples and did not utilize more
direct measurements such as glucose clamp technique or oral
glucose tolerance test to depict insulin sensitivity. Furthermore, the
relatively small sample size in this study may limit the ability to
draw some conclusion about the relative potency of each exercise
group, especially on some secondary outcomes. Future studies are
needed that are adequately powered to detect potential differences
between interventions, although sample size needed might likely
be very large. We do believe, however, that our findings provide
valuable insights regarding the real-world application of HIIT, MICT
and their combination in an unsupervised free-living setting. While
the incorporation of HIIT into traditional continuous-based exercise
program might not necessarily offer superior health benefits, it
could be a time-efficient and efficacious approach considered by
healthcare professionals, when designing individualized pro-
grammes that target cardiometabolic health benefits in physically
inactive obese middle-aged men.

5. Conclusion

In summary, our findings suggest that HIIT or MICT alone or
alternating HIIT-MICT similarly improved cardiovascular fitness in
obese middle-aged men despite differences in total training vol-
ume and time commitment. Alternating training also shows a
similar enjoyment level as HIIT or MICT alone and all three
approached showed high adherence in a free-living environment.
Further research in different populations with more exercise pro-
tocol combinations is required to determine how HIIT can
contribute to the current PA guideline in terms of overall car-
diometabolic health and weight management benefits.
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