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Obesity is a global and rising multifactorial pandemic associated with the
emergence of several comorbidities that are risk factors for malignant cardiac
remodeling and disease. High-intensity interval training (HIIT) has gained
considerable attention due to its favorable outcomes of cardiometabolic health
in individuals with overweight or obese. The primary aim of this review is to discuss
the fundamental processes through which HIIT improves cardiac impairment in
individuals with obesity to develop viable treatments for obesity management. In
this review, a multiple database search and collection were conducted from the
earliest record to January 2013 for studies included the qualitative component of
HIIT intervention in humans and animals with overweight/obesity related to
cardiac remodeling and fitness. We attempt to integrate the main mechanisms
of HIIT in cardiac remolding improvement in obesity into an overall sequential
hypothesis. This work focus on the ameliorative effects of HIIT on obesity-induced
cardiac remodeling with respect to potential and pleiotropic mechanisms,
including adipose distribution, energy metabolism, inflammatory response,
insulin resistance, and related risk profiles in obesity. In conclusion, HIIT has
been shown to reduce obesity-induced risks of cardiac remodeling, but the long-
term effects of HIIT on obesity-induced cardiac injury and disease are presently
unknown. Collective understanding highlights numerous specific research that
are needed before the safety and effectiveness of HIIT can be confirmed and
widely adopted in patient with obesity.
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1 Introduction

Obesity, characterized by the condition of being grossly fat or overweight, is a
pandemic that has received extensive medical attention (Piche et al., 2020).
Approximately 2.8–3.5 billion people, 39%–49% of the world’s population, are
affected by overweight or obesity (Maffetone et al., 2016). According to the global
burden of disease research encompassing 195 nations, over 603.7 million adults and
107.7 million children suffer from obesity (Collaborators et al., 2017). Around four
million deaths induced by obesity and greater than two-thirds of this number is
attributed to cardiovascular disease (Collaborators et al., 2017). Obesity has been
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formally designated as a significant and independent risk factor
for cardiac remodeling by the American Heart Association
(Arnett et al., 2019; Hingorani et al., 2020; Powell-Wiley et al.,
2021).

Adipose tissue (AT) integrity and functioning are essential
factors determining cardiometabolic risk throughout obesity
development. Hypoxia, fibrosis, inflammation, dysregulated
adipokine secretion, and impaired mitochondrial function are all
local effects of AT expansion. The systemic effects include insulin
resistance (IR), aberrant glucose and lipid metabolism,
hypertension, and a pro-inflammatory state, all of which provide
linking mechanisms between obesity and cardiac structural and
functional impairment (Ren et al., 2021).

A growing body of evidence has demonstrated that exercise
exerts beneficial effects on weight loss in obesity (Pedersen et al.,
2019; Bellicha et al., 2021). High-intensity interval training (HIIT) is
an effective intervention to ameliorate metabolic disturbances,
inflammation, IR, and related risk profiles in the heart during
obesity development (Bluher et al., 2017; Ratajczak et al., 2020;
Vaccari et al., 2020; Paahoo et al., 2021). This review summarizes the
primary mechanism by which HIIT improves cardiac function in
obesity. We also highlight HIIT as an efficient potential non-
pharmacological therapeutic strategy for managing obesity-
induced cardiac damage. For this study, a multiple database
search and collection were conducted from the earliest record to
January 2013 for studies included the qualitative component of HIIT

FIGURE 1
Etiology underlining obesity-induced cardiac remodeling. Under pathological adipocyte accumulation, AT dysfunction and inflammation bring
about abnormalities in the cardiac hemodynamics, which lead to alterations in ventricular function and heart failure. An increased blood volume induces
left ventricular (LV) hypertrophy and systolic and diastolic dysfunction. It is uncertain howmetabolic or functional alterations, including insulin resistance,
elevated sympathetic activity, altered renin-angiotensin-aldosterone system (RAAS), and sleep apnea, may lead to LV or RA failure. Abbreviations:
iNKT cells, invariant natural killer T cells; LA, left atria; LV, left ventricular; RV, right ventricular.
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intervention in humans and animals with overweight/obesity related
to cardiac remodeling and fitness.

2 Cardiac structural and functional
damage in obesity

Obesity causes hemodynamic changes that predispose to
ventricular structural and functional damage, including increased
blood pressure, stroke volume (SV), cardiac output (CO), and
increased left ventricular (LV) and left atrial (LA) filling
pressures. These factors primarily result in unfavorable
ventricular structure and function, contributing to the etiology of
obesity-related cardiac remodeling (Feng et al., 2019; Robertson
et al., 2020; Lewis et al., 2021) (Figure 1).

Individuals with obesity are often at a high risk of LV
hypertrophy, defined by an increase in the ventricular mass
(Fumagalli et al., 2020). The prevalence of LV hypertrophy is
12% in individuals with obesity and 78% in subjects affected by
severe obesity (Avelar et al., 2007), and both are much higher than in
their lean counterparts (2%) (Finocchiaro et al., 2018). In contrast to
obesity [body mass index (BMI) > 30 kg/m2], severe obesity
(BMI>35 or 40 kg/m2) carries a greater risk of serious health
complications. Data collected from 826 participants showed that
central obesity (reference waist-to-hip ratio and waist-to-height
ratio) is the primary independent risk factor that accounted for
66.3% of subjects with LV mass increase and 31.2% of participants
with LV geometry worsening even after adjusting BMI (Lee et al.,
2019). A recent study argued that abdominal adipocyte
accumulation increased the arterial load, likely due to concentric
LV remodeling (Mandry et al., 2021). Correspondingly, the LV
structural alteration raises the risk of systolic and diastolic
dysfunction in the heart (Neeland et al., 2018). After a
multivariate correction, a significant connection between the BMI
and the incidence of clinical hypertrophic cardiomyopathy (HCM)
(with a hazard ratio of 1.063 for every 1 kg/m2 rise in BMI) indicated
that obesity seems to modify the phenotypical expression of HCM
(Park et al., 2020). Elevated BMI and IR increased the risk of future
heart failure (HF) with preserved ejection fraction (HFpEF) by more
than three times compared to a reduced ejection fraction (Savji et al.,
2018). Moreover, increased visceral (Neeland et al., 2013; Rao et al.,
2020) and epicardial fat (Elsanhoury et al., 2021) had a significantly
stronger association with the HFpEF risk than increased
subcutaneous fat.

AT accumulated around the atria is often correlated with atrial
structural and functional alterations. One 16-year longitudinal
tracking study of 4,403 Framingham participants (mean age
45 years, 48% male) revealed that BMI is the pivotal risk factor
associated with LA enlargement (McManus et al., 2010). The LA
anterior-posterior diameter and LA volume increase in severe
obesity (mean age 47 years, 21% male) (Litwin et al., 2020).
Additionally, LA enlargement occurs concurrently with LV
expansion and mirrors eccentric LV remodeling in patients with
obesity (mean age 50 years, 48% male) (Aiad et al., 2019). The
increased LA diameter and volume induced by obesity can induce
atrial fibrillation (AF) (Kanazawa et al., 2014; Feng et al., 2019). A
meta-analysis of 51 trials including 626,603 individuals found that
each five-unit increase in the BMI increased the probability of the

incident AF by 19%–29%, post-operative AF by 10%, and post-
ablation AF by 13% (Wong et al., 2015). As a result, obesity is linked
to LA remodeling, a process in which the structure,
electrophysiological function, and electro-anatomical integrity of
the atrium gradually deteriorate, raising the risk of pro-arrhythmia
and cardiac disease (von Haehling et al., 2019; Walczak-Galezewska
et al., 2019; Chien et al., 2021).

Obesity is a risk factor for right ventricular (RV) hypertrophy
and dysfunction on its own (Ren et al., 2021). Indeed, the RV mass
was increased by 6% and 14% in the groups with overweight and
obesity (mean age 61.5 years, 47% male), respectively. The
researchers noticed that for every 5 kg/m2 increase in the BMI,
the RV mass increased by 1.3 g, and the RV end-diastolic volume
(RVEDV) increased by 8.65 mL (Chahal et al., 2012). The RVEDV,
RV ejection fraction, and RV diastolic filling are impaired by obesity
(Lewis et al., 2021). A recent study revealed a substantial link
between visceral fat accumulation and decreased RV longitudinal
strain, which may contribute to obesity increased risk of HF (Sawada
et al., 2020). Another strain investigation using feature tracking
verified that severe obesity impairs the LA reservoir and atrial
contraction phases, implying an early loss of the atrial
contraction compensatory capacity in the severely obese (aged
7–18 years, 45% male) (Xu et al., 2021). Both obstructive sleep
apnea (OSA) and pulmonary arterial hypertension are associated
with the variables contributing to RV remodeling and damage in
obesity (Adir et al., 2021). The hallmark of OSA is recurring
complete and partial upper airway obstructions, which cause
intermittent hypoxia and fragmented sleep (Yeghiazarians et al.,
2021). BMI, waist circumference and neck size are all associated with
an increased risk of OSA (Peppard et al., 2000). Obesity is linked to
OSA include fat deposits in the upper airway and a decrease in lung
volume leads to less caudal traction on the upper airway (Jordan
et al., 2014). The molecular characteristics of OSA are oxidative
stress, upregulation of redox-sensitive genes, inflammatory cascade,
and increased catecholamines, which are all crucial cardiovascular
disease mediators. OSA prevalence ranges from 40% to 80% in
patients with hypertension, AF, HF, coronary artery disease,
pulmonary hypertension, and stroke (Javaheri et al., 2017).

Additionally, intermuscular adipose tissue (IMAT) refers to the
fatty deposits found between and within muscles. It can accumulate
due to age, obesity, and metabolic diseases like diabetes. IMAT
secretes inflammatory cytokines, which can cause blood vessel
damage and contribute to atherosclerosis (Addison et al., 2014;
Goodpaster et al., 2023). Increased IMAT is linked to ectopic
adipose deposition in organs like the heart, which account for
numbers of cardiovascular risk factors, including insulin
resistance, inflammation, atherosclerosis, and arterial stiffness
(Yim et al., 2007). Higher IMAT levels predict incidence of
cardiovascular events and mortality independent of general
obesity by impair the cardiac structure and function (Yim et al.,
2007).

Furthermore, the remodeling of the heart associated with obesity
is characterized by the progressive replacement of the myocardium
by irregular accumulation of AT that can separate and result in
pressure-induced atrophy of the myocardial cells (Poirier et al.,
2006). Moreover, obesity-induced degenerative remodeling and
impairment of the heart appears to be progressive and
irreversible, implying a poor clinical prognosis.
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3 What is HIIT?

A constellation of studies revealed that weight loss is critical for
preventing and managing the cardiac damage through lifestyle
modifications (Liu et al., 2022) and regular physical activity in
obesity (Sultana et al., 2019; Bellicha et al., 2021). HIIT is a
dynamic and complex training plan that has grown in popularity
and become a fitness trend over the past three decades (Tremblay
et al., 1994; Sultana et al., 2019; Bull et al., 2020). HIIT, in contrast to
moderate-intensity continuous training (MICT), is defined by
repeated short bouts of high-intensity exertion [≥90% of the
maximal oxygen consumption (VO2max) for healthy subjects
or ≥80% VO2max for clinical populations] interspersed by low-
intensity or passive recovery (Buchheit and Laursen, 2013). Also
distinct from sprint interval training (SIT), which is characterized by
“all-out” or “supramaximal” efforts (>100% VO2max) in studies
with healthy subjects, HIIT is described as “near maximal” efforts
typically performed at an intensity that elicits ≥80% VO2max (but
frequently 85%–95%) of maximal heart rate (Weston et al., 2014;
Atakan et al., 2022). Thus, this present narrative review focuses
primarily on data obtained from HIIT intervention in obesity-
induced cardiac remolding based on exercise intensity.
Additionally, the prescription of HIIT is also dynamic and
sophisticated because it permits the guidance of a number of
variables, such as exercise type, intensity, duration, and volume.
HIIT improves VO2max, cardiometabolic health, endothelial
function, resting blood pressure, metabolic capacity, and
upregulates antioxidant capacity. Compared to MICT, HIIT
provided a 28.5% larger decrease in the total fat mass and
exerted more beneficial effects on cardiac fitness improvement in
subjects with overweight or obesity (Viana et al., 2019; Vaccari et al.,
2020). However, excessive training volume of HIIT might impair
mitochondrial function in skeletal muscle (Flockhart et al., 2021)
and increase the risks of metabolic side-effects (Alkhatib et al., 2020).
Admittedly, the sufficient evidence of dose-response correlations
required to achieve the optimal advantages of HIIT is still lacking at
this time (Joisten et al., 2022). Despite the controversial effect of
HIIT, several studies of humans (Racil et al., 2016a; Racil et al.,
2016b; Tong et al., 2018; Christensen et al., 2019; Sun et al., 2019;
Vaccari et al., 2020; Reljic et al., 2021a; Hearon et al., 2022; Poon
et al., 2022; Reljic et al., 2022; Youssef et al., 2022) and rodents (de
Oliveira Sa et al., 2017; Kim et al., 2018; Boardman et al., 2019;
Franca et al., 2020; Astani et al., 2022) demonstrated that HIIT is an
efficient strategy for health and fitness improvement in obesity due
to its remarkable benefits in adipocyte distribution, AT
microenvironment, inflammation, IR, and other obesity-induced
cardiac deteriorations.

4 HIIT ameliorates cardiac structure
and function in obesity

Numerous studies have suggested that HIIT exerts predominant
effects on improving cardiac structure and function in the obese
heart. After 3 months of high-intensity running (90% VO2max,
3 sessions/week), the LV wall thickness presented with a
reduction of approximately 6.5% in high-fat feeding male mice
(12 weeks old) (de Oliveira Sa et al., 2017). In the ischemic

myocardium exposed to a high-fat load, HIIT also displayed
practical cardioprotective effects through cardiac function
amelioration. For instance, high-intensity treadmill running
(85%–90% VO2max, 25o inclination, 5 sessions/week)
considerably elevated the recovery of the maximum and
minimum pressure derivative (dP/dtmax and dP/dtmin) without
heart rate (HR) alteration, as well as LV development pressure in
ischemic insult mice with obesity (Lund et al., 2015; Boardman et al.,
2017; Boardman et al., 2019). These findings revealed that HIIT
reduced post-ischemic stunning and increased LV contraction by
ameliorating contractility and relaxation in obesity. VO2max is the
most important representative indicator of cardiopulmonary
function, and numerous studies have indicated that HIIT
effectively increased VO2max in humans (walking, 100%
VO2max, 3 sessions/week) (Vaccari et al., 2020) and rodents
(85%–90% VO2max, 25o inclination, 5 sessions/week) (Boardman
et al., 2017) affected by overweight or obesity. Although the training
regimes are variable and complex, HIIT excels at promoting aerobic
capacity in obesity. It has been demonstrated that 5 weeks of HIIT
cycling (85% ± 7% VO2max, 4 sessions/week) positively affects
VO2max improvement in Chinese young women (aged 18–30 years)
with obesity (Kong et al., 2016a). Eight weeks of high-intensity
interval cycling (100% maximum power output, 3 sessions/week)
could significantly increase the VO2max in adults (mean age
54 years, 81% male) with obesity (Mendelson et al., 2022). If the
training period is extended to 12 weeks, HIIT (100% maximum
power output, 3 sessions/week) is more effective than MICT at
boosting VO2max thanMICT in adolescent affected by obesity (Cao
et al., 2022; Diniz et al., 2022). In the elderly (mean age 67.7 years)
with obesity, 3 months of high-intensity interval elliptical cross-
training (80%–85% HRmax, 3 sessions/week) also could increase 6-
min walking test (6MWT) (Youssef et al., 2022). Among the patients
with obesity in stage A HF, 12 months of HIIT (95% HRmax,
3 sessions/week) increased LV end-diastolic volume (LVEDV)
and VO2max to improve the pathophysiologic characters of
HFpEF (Hearon et al., 2022). Even 4 days of HIIT training (80%
VO2max, 4 sessions/week) was sufficient to maintain myocardial
contractility and relaxation following a cardiac insult in high-fat-fed
male rats (6 weeks old) (Franca et al., 2020). Monitoring cardiac
structure and functional changes resulting from obesity
development could provide significant insights into revealing a
more intuitional picture of the exercise-induced effects. However,
it is important to note that the duration of HIIT in the above studies
did not exceed 12 weeks, which does not provide substantial
evidence for the long-term effects of HIIT on obesity-induced
structural and functional remodeling of the heart. In the
following section, we will summarize the primary mechanisms of
HIIT in obesity-induced cardiac remodeling management to reveal
the clue that HIIT may be a better tool for cardiac disease
improvements programs that need to be sustainable in obesity.

5 Primary mechanisms of HIIT in
cardiac fitness improvements in obesity

Chronically exceeding necessary calorie intake promotes obesity
and the development of cardiac remodeling and damage. As a
therapeutic intervention, HIIT could improve AT distribution,
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metabolic abnormalities, inflammatory response, and IR to
ameliorate obesity-induced cardiac impairment. In this section,
we attempt to integrate the main mechanisms of HIIT in cardiac
remolding improvement in obesity into an overall sequential
hypothesis (Figure 2; Table 1).

5.1 HIIT regulates the heart adipose tissue
distribution

The AT in the human body is classified as white AT (WAT) and
brown AT (BAT)morphologically, and subcutaneous AT (SAT) and
visceral AT (VAT) anatomically (Britton et al., 2013). Excessive

caloric intake results in an enlargement of the AT via the number of
adipocytes (hyperplasia) and/or size (hypertrophy). Under the
physiological context of energy balance, lipids should be stored in
the insulin-sensitive SAT that expands through hyperplasia to avoid
the overflow of excess lipids to other organs (Koliaki et al., 2019).
However, anomalies in SAT deposition will likely lead to excess
triglycerides being directed to ectopic sites like the liver, heart, and
skeletal muscle (Koliaki et al., 2019). Ectopic AT is characterized by
hypertrophic expansion from pre-existing adipocytes. VAT, fat
stored around internal organs, can be defined according to its
anatomical position as intrathoracic or abdominal, and
intrathoracic AT can be further classified as epicardial adipose
tissue (EAT) and pericardial adipose tissue (PAT). EAT is

FIGURE 2
Primary mechanisms of HIIT in cardiac fitness improvement in obesity: HIIT ameliorates cardiac metabolic dysfunction and remodelling induced by
obesity through multiple basic mechanisms such as improvements in lipotoxicity, glucose metabolism, inflammation, and ER stress. HIIT reduce lipid
deposition, FA oxidation, and ROS production. HIIT decreases p-PERK to reduce ER stress-related inflammation while elevates glucose uptake and
oxidation to improve insulin resistance induced by obesity. HIIT suppresses the production of pro-inflammatory cytokines (IL-1β) via NF-κB
signaling. Decreases in IL-1β induced by HIIT also mitigate IKK and NF-κB complexes leading to inflammation. After HIIT intervention, TLR2/4 reduce
inflammation by NF-κB complexes and the JNK1/c-Jun pathway, respectively. HIIT decreases leptin and IFN-γ expression to alleviate the inflammatory
reaction. Abbreviations: c-Jun, a transcription factor; ER, endoplasmic reticulum; FA, fatty acid; Glu, glucose; GLUT4, glucose transporter type 4; IKK,
I-κB-kinase; JNK1, C-Jun NH2-terminal kinase 1; NF-κB, nuclear factor κB; PERK, protein kinase RNA-like ER kinase; TLR, toll-like receptor.
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TABLE 1 The effects of HIIT on obesity-induced cardiac damage improvements in rodent and human studies.

Classification Factor Species N Subject
information

Exercise
model

Duration Observation References

AT distribution VAT Human 46 WWO BFP >30 (age, 18–23 years) Cycling: HIIT regime consisted of 90%
VO2max for 4 min, passive recovery
(pedal frequency, 60 rpm) for 3 min,
target work 400J/per session

12 weeks
3–4 sessions/week

VAT↓, VO2max↑ Tong et al. (2018)

VAT Human 43 WWO BMI>25 kg/m2 BFP >30
(age, 18–22 years)

Cycling: HIIT regime consisted of 90%
VO2max for 4 min, passive recovery
(pedal frequency, 60rpm) for 3 min,
target work 300J/per session

12 weeks
3 sessions/week

VAT↓, VO2max↑ Zhang et al. (2017)

EAT Human 39 Inactive adults (26% males) with
abdominal obesity (age, 41 ±
14 years)

Cycling: HIIT regime consisted of
6 bouts 75%–85% VO2max for 2 min,
passive recovery at 30% VO2max for
1 min

12 weeks
3 sessions/week

EAT↓, VO2max↑ Christensen et al. (2019)

EAT Human 34 PWO (52.9% male) with
hypertensive BMI>24 kg/m2 (age,
50.9 ± 7.9 years)

Treadmill running: HIIT training
consisted in 5 bouts at 80% HRR for
3 min, active recovery at 40% HRR for
3 min

8 weeks 3 sessions/
week

EAT↓, SBP↓, DBP↓, TG↓ Jo et al. (2020)

EAT Human 28 Healthy subjects and subjects with
DGT BMI = 27.9–31.7 kg/m2 (age,
43–53 years)

Cycling: HIIT regime consisted of
4–6 bouts at maximal all-out for 30s,
4 min recovery between each bout (load,
10% of LBM)

2 weeks 3 sessions/
week

EAT↓, PAT↓, VO2max↑, insulin
sensitivity↑

Honkala et al. (2017)

Microenvironment Mitochondrial
respiration

Human 32 PWOmean BMI = 36 kg/m2 (mean
age, 39 years)

Treadmill walking: HIIT training
consisted in 3–7 bouts at 100% VO2max

for 3 min, interval walking at 50%
VO2max for 1.5 min

12 weeks
3 sessions/week

Fat oxidation rate↑, ADP-stimulated
mitochondrial respiration↑, VO2max↑

Vaccari et al. (2020)

Oxygen sparing Mice
(C57BL/6)

42 Male (age, 5–6 weeks) High-fat diet
(23 kJ/kg) for 20 weeks

Treadmill running: HIIT training
consisted in 10 bouts at 85%–90%
VO2max for 4 min, active rest for 2 min

3 weeks 5 sessions/
week

MVO2↓, Post-ischemic LV functional
recovery↑, infarct size↓

Boardman et al. (2019)

Oxygen sparing Mice
(C57BL/6J)

71 Male (age, 5–6 weeks) High-fat diet
(60% fat) for 20 weeks Ischemic
insult

Treadmill running: HIIT training
consisted in 10 bouts at 85%–90%
VO2max at 25

o inclination for 4 min,
active rest for 2 min

10 weeks
5 sessions/week

MVO2↓, HOMA-IR↓, PFFA↓, systolic
and diastolic function↑, infarct size↓,
VO2max↑

Boardman et al. (2017)

Oxygen sparing Mice
(C57BL/6J)

38 Male (age, 5–6 weeks) High-fat diet
(46% fat) for 8 weeks Ischemic
insult

Treadmill running: HIIT training
consisted in 10 bouts at 85%–90%
VO2max in 25o inclination for 4 min,
active rest for 2 min

10 weeks
5 sessions/week

MVO2↓, ROS content↓, infarct size↓,
diastolic function↑, VO2max↑

Lund et al. (2015)

Cardiomyocyte
apoptosis

Rat
(Wistar)

48 Male (age,3 weeks) High-calorie
diet (20% fat, 68% carbohydrates)
for 6 weeks

Treadmill running: HIIT training
consisted in 5–16 bouts at 85%–90%
MAS for 2 min, active rest at 45%–50%
MAS for 2min in 15o inclination

12 weeks
5 sessions/week

Bid↓, cytochrome c↓, caspase-8↓,
caspase-3↓, Bax/Bcl-2 ratio↓, Bcl-2 ↑

Astani et al. (2022)

(Continued on following page)
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TABLE 1 (Continued) The effects of HIIT on obesity-induced cardiac damage improvements in rodent and human studies.

Classification Factor Species N Subject
information

Exercise
model

Duration Observation References

ER stress Rat (SD) 30 Male (age, ~50 weeks) High-fat diet
(50% fat) for 6 weeks

Ladder-climbing: HIIT training
consisted in 8 repetitions of 80%–100%
body weight added at 75o inclination,
2min resting between sets

12 weeks
3 sessions/week

ER stress (p-PERK, CHOP)↓, PGC-1α↓ Kim et al. (2018)

ER stress Rat (SD) 40 Male (age, ~50 weeks) High-fat diet
(50% fat) for 6 weeks

Ladder-climbing: HIIT training
consisted in 8 repetitions of 80%–100%
body weight added in 75o inclination,
2min resting between sets

8 weeks 3 sessions/
week

ER stress (p-PERK, CHOP)↓,
mitochondrial biogenesis enzymes↑

Kim et al. (2017)

Inflammation Treg cells Human 7 MWO BMI = 33.24 ± 2.94 kg/m2

(age, 20–40 years)
Treadmill running: HIIT training
consisted in 10 bouts of 60s 85%–90%
HRmax alternated with 75s of recovery
50% HRmax

1 week 3 sessions/
week

Treg and mTreg cells↑ Dorneles et al. (2019)

Leptin, IFN-γ, IL-4 Human 10 MWOBMI = 35.9 ± 4.9 kg/m2 (age,
28.5 ± 2.7 years)

Treadmill running: HIIT training
consisted in 10 repetitions at 90% HRmax

for 1min, active recovery at 30% HRmax

for 1min

7 sessions Leptin↓, IFN-γ↓, IFN-γ/IL-4 ratio↓ de Souza et al. (2018)

Leptin Human 47 WWO (age, 14.2 ± 1.2 years) Treadmill running: HIIT training
consisted in 3 sessions of 4–8 min of
100% MAS for 15s, active rest at 50%
MAS for 15s, passive recovery for 3min
between sessions

12 weeks
3 sessions/week

BF↓, WC↓, Plasma leptin↓, HOMA-IR↓,
VO2max↑, RPE↑, blood insulin↓

Racil et al. (2016a)

CRP Rat (SD) 36 Female (age, 18 months) Treadmill running: HIIT training
consisted in 9 bouts of 90%–95% VO2max

for 1 min, followed by 40%–45%VO2max

for 4 min

32 weeks
5 sessions/week

hsCRP↓, IL-10↑ Sun et al. (2020)

CRP Human 74 WWO BMI>30 kg/m2 (age,
18–23 years)

Cycling: HIIT training consisted of
5–6 repetitions at 80%–95% HRmax for
4–6 min, active recovery at 80%–95%
HRmax for 2–4 min

12 weeks
3 sessions/week

CRP↓, TC↓, HDL-C↑ Ratajczak et al. (2020)

CRP Human 45 MWO BMI = 25.12 ± 1.3 kg/m2

(age, 11.06 ± 1.0 years)
Running: HIIT consisted of 3 sets of
10 repetitions at 100%–110% MAS for
10s, active rest at 50% MAS for 10s

12 weeks
3 sessions/week

CRP↓, TC↓, HDL-C↑ Paahoo et al. (2021)

CRP Human 38 WWO BMI Z-score = 6,53 ± 2.30
(age, 16.04 ± 1.0 years)

Running: HIIT consisted of 2 blocks of
6 bouts at 100%–110% MAS for 30s,
active rest at 50% MAS for 30s

12 weeks
3 sessions/week

CRP↓, BF↓, WC↓, SBP↓ Abassi et al. (2021)

CRP Human 39 WWOBMI = 33.0 ± 3.1 kg/m2 (age,
15.8 ± 1.6 years)

Treadmill running: HIIT training
consisted in 4 bouts of 85%–90% HRmax

for 4min, active recovery at 70% HRmax

for 3min

12 weeks
2 sessions/week

hsCRP↓, WC↓, DBP↓ Plavsic et al. (2020)

(Continued on following page)
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TABLE 1 (Continued) The effects of HIIT on obesity-induced cardiac damage improvements in rodent and human studies.

Classification Factor Species N Subject
information

Exercise
model

Duration Observation References

CRP Human 104 PWO BMI = 37.8 ± 6.6 kg/m2 (age,
53.7 ± 11.4 years)

Cycling: HIIT training consisted in
5 bouts of 80%–95% HRmax for 1min,
active recovery at low intensity for 1min

12 weeks
2 sessions/week

CRP↓, hsCRP↓, IL-6↓, LBP↓, MetS↓,
SBP↓, DBP↓, VO2max↑

Reljic et al. (2022)

TLR4 Human 38 PWO BMI>24 kg/m2 (age,
30–65 years)

Cycling: HIIT training consisted of
4–10 repetitions at 85%–90% HRmax for
1min, active rest at 20% HRmax for 1min

2 weeks 5 sessions/
week

TLR4↓ Robinson et al. (2015)

Adiponectin Human 34 WWOBMI = 30.8 ± 1.6 kg/m2 (age,
15.9 ± 0.3 years)

Outside running: HIIT training consisted
in 2 bouts of 6–8 repetitions of 100%
HRmax for 30s, active rest at 50% HRmax

for 30s, recovered passively 4min
between series

12 weeks
3 sessions/week

Adiponectin↑, HDL-C↑, VO2max↑ Racil et al. (2013)

Adiponectin Mice 72 Male (10 weeks old) High-fat diet
(45% fat) for 10 weeks

Treadmill running: HIIT training
consisted in 8 bouts at 90% MRC for
2 min, active rest at 50% MRC for 2 min

10 weeks
3 sessions/week

HMW adiponectin↑, LMW
adiponectin↓, GLUT↑

Martinez-Huenchullan
et al. (2020)

Adiponectin,
leptin

Human 68 WWO (age, 16.6 ± 1.3 years) Treadmill running: HIIT training
consisted in 2 bouts of 6–8 repetitions of
100% VO2max for 30s, active rest at 50%
VO2max for 30s, recovered passively 4min
between series

12 weeks
3 sessions/week

Adiponectin↑, leptin↓, leptin/
adiponectin ratio↑, HOMA-IR↓

Racil et al. (2016b)

Adiponectin,
leptin

Human 12 WWOBMI = 29.2 ± 2.6 kg/m2 (age,
21.7 ± 3.8 years)

Cycling: HIIT training consisted of
4–6 repeats of Wingate anaerobic test at
supramaximal for 30s, interval against a
resistance load of 0.065 kg/kg body mass

3 weeks 2 sessions/
week

Adiponectin↑, leptin↓ Vardar et al. (2018)

Adiponectin,
leptin

Human 28 PWO (21% male) BMI = 33.0 ±
5.4 kg/m2 (age, 61 ± 8.4 years)

Cycling: HIIT training consisted in
alternating bouts at 90% HRmax, active
rest at 50% HRmax, 60min/session

2 weeks 6 sessions/
week

Adiponectin↑, leptin↓, SBP↓,
DBP↓, TG↓

Heiston et al. (2020)

IL-10, TNF-α Human 33 PWO (age, 30–65 years) Cycling: HIIT training consisted of
4–10 bouts at 90% HRmax for 1min,
recovery period for 1min

2 weeks 5 sessions/
week

IL-10↑, TNF-α↓ Barry et al. (2018)

IL-10, IL-8 Human 22 MWO BMI = 25–34.9 kg/m2 (age,
20–40 years)

Treadmill running and cycling: HIIT
training consisted in 10 bouts of 85%–

90% Pmax for 60s, active recovery at 50%
Pmax for 75s

7 sessions IL-10↑, IL-8↓ Dorneles et al. (2016)

HOMA-IR Human 42 MWOBMI = 26.3 ± 2.1 kg/m2 (age,
42 ± 5 years)

Running: HIIT regime consisted of
12 bouts at 85%–90% HRmax for 1min,
active recovery at 50% HRmax for 1min

16 weeks
3 sessions/week

HOMA-IR↓, FI↓, VO2max↑ Poon et al. (2022)

Insulin resistance HOMA-IR Human 18 WWO BMI>30 kg/m2 (age,
41–60 years)

Cycling: HIIT regime consisted in
3–4 bouts at 80%–100% HRmax, interval
without movement

12 weeks
3 sessions/week

HOMA-IR↓, FI↓, VO2max↑ Ratajczak et al. (2020)

(Continued on following page)
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TABLE 1 (Continued) The effects of HIIT on obesity-induced cardiac damage improvements in rodent and human studies.

Classification Factor Species N Subject
information

Exercise
model

Duration Observation References

HOMA-IR Human 42 WWO BMI = 26.3 ± 2.5 kg/m2

(age = 21.2 ± 1.4 years)
Cycling: HIIT regime consisted in
9 bouts at 90% Vmax for 4min, active
recovery for 3min, target work 300J/per
session

12 weeks
3 sessions/week

HOMA-IR↓, FI↓, VO2max↑ Sun et al. (2019)

HOMA-IR Human 136 PWO (52.9% males) BMI>27 kg/
m2 (age, 36 ± 9 years)

Cycling: HIIT regime consisted in
5 bouts at 100%–125% VO2max for 1min,
recovery for 1min

6 weeks 3 sessions/
week

HOMA-IR↓, MAP↓, VO2max↑ Phillips et al. (2017)

HOMA-IR Human 73 WWO with insulin resistant (age,
33.5 ± 6.5years)

Cycling: HIIT regime consisted in
8–10 bouts at 70%–100% HRmax,
interval without movement

12 weeks
3 sessions/week

HOMA-IR↓, FPG↓, FI ↓, SBP↓, DBP↓ Alvarez et al. (2017)

OGTT glucose,
OGTT insulin

Human 24 WWO BMI>27 kg/m2 (age,
18–30 years)

Cycling combined with caffeine: HIIT
regime consisted in 10 bouts at 85%–95%
HRmax for 60s, dynamic recovery
for 60s

8 weeks 3 sessions/
week

OGTT glucose↓, VO2max↑ Alkhatib et al. (2020)

Blood glucose Human 22 WWO with insulin resistant
BMI>23 kg/m2 (age, 18–30 years)

Cycling: HIIT regime consisted in
60 bouts at ~90% VO2max for 8s,
interspersed with 12s recovery

5 weeks 4 sessions/
week

FPG↓, VO2max↑ Kong et al. (2016a)

AFABP Human 28 PWO (age, 13–18 years) Running: HIIT regime consisted in
alternating bouts at 85%–90% HRmax,
active rest at 50%–60% HRmax, 60min/
session

6 months
2 sessions/week

AFABP↓ Bluher et al. (2017)

Myocardial glucose
oxidation

Mice
(C57BL/6)

40 Male Treadmill running: HIIT regime
consisted in 10 bouts at 85%–90%
VO2max for 4 min, active rest for 2 min

8 weeks 5 sessions/
week

Myocardial glucose oxidation rate↑,
FPG↓, AUG↓, VO2max↑

Hafstad et al. (2013)

Hyperlipidemia Rat (SD) 30 Male (age, 8 weeks) High-fat diet
(58% fat), for 4 weeks

Treadmill running: HIIT regime
consisted in 5–10 bouts at 90%–100%
VO2max for 2 min, active rest at
50% −60%VO2max for 2 min

8 weeks 5 sessions/
week

LDL-C level↓, triglyceride levels↓, HDL↑
ABCs (ABCA1, ABCG1, ABCG4,
ABCG8) gene↑, PPARγ↑

Rahmati-Ahmadabad
et al. (2019b)

Lipid profile Blood lipid Human 24 WWO BMI = 25.8 ± 2.3 kg/m2

(age = 21.2 ± 1.4 years)
Cycling: HIIT regime consisted in
60 bouts at 100% VO2max for 8s,
interspersed with 12s recovery

5 weeks 4 sessions/
week

TC/HDL-C↓, TG/HDL-C↓, VO2max↑ Kong et al. (2017)

NAFLD Human 65 PWO BMI = 40.9 ± 7.8 kg/m2 (age,
52.1 ± 9.6 years)

Cycling: HIIT training consisted in
5 bouts of 80%–95% HRmax for 1min,
active recovery at low intensity for 1min

12 weeks
2 sessions/week

ALT↓, HbA1c↓, NFS↓, MetS↓, SBP↓,
DBP↓, MAP↓, VO2max↑

Reljic et al. (2021a)

RAS system Mice
(C57BL/6)

60 Male (age, ~51 years) High-fat diet
(40% fat), High-fructose diet (50%
fructose) for 8 weeks, respectively

Treadmill running: HIIT regime
consisted at 90% VO2 (45 m/min) for
2 min, active rest at 30% VO2 (15 m/
min) for 1 min

12 weeks
3 sessions/week
(alternating)

VAT/SAT↓, LV mass ↓, LV thickness ↓,
renin↓, ACE2 mRNA and protein
expression↓, Mas receptor ↑, insulin
sensitivity ↑

de Oliveira Sa et al. (2017)

(Continued on following page)
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TABLE 1 (Continued) The effects of HIIT on obesity-induced cardiac damage improvements in rodent and human studies.

Classification Factor Species N Subject
information

Exercise
model

Duration Observation References

Haemodynamics BP Human 27 PWO (age, 30–50 years) Running: HIIT regime consisted in
7–10 bouts at 85%–90% VO2max, interval
rest for 1 min

8 weeks 3 sessions/
week

SBP↓, FPG↓, HOMA-IR↓, BF↓, VAT↓,
TC↓, TG↓, VO2max↑

Gripp et al. (2021)

Ventricular
function

Rat
(Wistar)

46 Male (age, 6 weeks) High-fat diet
(23 kJ/kg) for 20 weeks

Treadmill running: HIIT regime at 80%
VO2max for 4 min, active rest at 60%
VO2max for 3 min

1 week 4 sessions/
week

HIIT protocol maintained both
myocardial contractility and relaxation
after the cardiac insult

Franca et al. (2020)

Cardiac structure and
function

Aerobic ability Human 56 PWO BMI = 36.7 ± 5.0 kg/m2

(age = 50 ± 6 years)
Cycling: HIIT consisted of 5 bouts of
95% HRmax for 30s intervals with steady
state for 2min

12 months
3 sessions/week

LV mass↑, LVEDV↑, AIx↓, VO2max ↑ Hearon et al. (2022)

Aerobic ability Human 45 MWO BMI = 24.2 ± 1.0 kg/m2

(age = 11.2 ± 0.7 years)
Running: HIIT consisted of 2 sets of
8 repetitions at 90%–100% MAS for 15s,
active rest at 50% MAS for 15s

12 weeks
3 sessions/week

VO2max ↑, LDL↓ Diniz et al. (2022)

Aerobic ability Human 40 PWO (50% males) BMI = 24.2 ±
1.0 kg/m2 (age = 11.0 ± 0.6 years)

Running: HIIT consisted of 3 sets of
8 repetitions at 100% MAS for 15s, active
rest at 50% MAS for 15s

12 weeks
3 sessions/week

VO2max ↑ Cao et al. (2022)

Aerobic ability Human 60 PWO (81% males) BMI = 31.5 ±
2.8 kg/m2 (age = 54.0 ± 11 years)

Cycling: HIIT training consisted in
22 bouts of 100% Pmax for 60s, passive
recovery at 50% Pmax for 60s

8 weeks 3 sessions/
week

VO2max ↑ Mendelson et al. (2022)

Aerobic ability Human 31 WWO BMI>23 kg/m2 (age,
18–30 years)

Cycling: HIIT regime consisted in
60 repetitions of 80% ± 7% VO2max for
8 s, passive rest for 12 s, 20min/per
session

5 weeks 4 sessions/
week

VO2max ↑ Kong et al. (2016b)

Aerobic ability Human 68 PWO BMI = 28.9 ± 2.9 kg/m2 (age,
67.7 ± 4.6 years)

Elliptical cross-training: HIIT training
consisted in 10 bouts of 80%–85%HRmax

for 30s, active recovery at 50%–60%
HRmax for 90s

12 weeks
3 sessions/week

TG↓, 6MWT↑ Youssef et al. (2022)

Note. 6MWT, 6min walking test; AIx, augmentation index; ALT, alanine aminotransferase; AT, adipose tissue; Bax, Bcl-2-associated X protein; Bcl-2, B-cell lymphoma-2; BF, body fat; Bid, BH3-interacting domain death agonist; BMI, body mass index; BFP, body fat

percentage; CHOP, C/EBP homologous protein; CRP, C-reactive protein; DBP, diastolic blood pressure; DGT, defective glucose tolerance; EAT, epicardial adipose tissue; EF, ejection fraction; ER, endoplasmic reticulum; FPG, fasting plasma glucose; FI, fasting insulin;

FS, fractional shortening; FAD, flow-mediated dilation; HbA1c, glycosylated hemoglobin A1c; HDL, high-density lipoprotein cholesterol; HIIT, high intensity interval training; HOMA-IR, homeostatic model assessment of insulin resistance; HRR, heart-rate reserve;

hsCRP, hypersensitive serum C-reactive protein; LBM, lean body mass; LBP, lipopolysaccharide-binding protein; LDL, low-density lipoprotein cholesterol; LV, left ventricular; LVEDV, LV end-diastolic volume; MAP, mean arterial pressure; MAS, maximal aerobic

speed; MetS, metabolic syndrome; MRC, maximal running capacity; MVO2, myocardial oxygen consumption; MWO, men with obesity; NAFLD, Non-alcoholic fatty liver disease; NFS, Non-alcoholic fatty liver disease fibrosis score; PAT, paracardial adipose tissue;

Pmax, maximum power output; p-PERK, phosphor-protein kinase RNA-like endoplasmic reticulum kinase; PFFA, plasma free fatty acid; PWO, people with obesity; RPE, ratings of perceived exertion; SAT, subcutaneous adipose tissue; SBP, systolic blood pressure; SD,

Sprague-Dawley; TC, total cholesterol; TG, triglycerides; Treg cells, regulatory T cells; mTreg cells, memory regulatory T cells; VAT, visceral adipose tissue; WC, waist circumference; WWO, women with obesity; "↑", increase; "↓", decrease.
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anatomically and functionally continuous with the myocardium,
whereas PAT is located between the visceral and parietal
pericardium (Rafeh et al., 2020; Despres et al., 2021). The
accumulation of excess VAT and PAT plays independent and
crucial roles in the pathophysiology of cardiac structural and
functional changes (Kenchaiah et al., 2021; Kim et al., 2021;
Kondamudi et al., 2021; Sorimachi et al., 2021).

A number of studies suggest that HIIT might be an efficient
VAT and EAT reduction strategy (Nyawo et al., 2021; Saco-Ledo
et al., 2021). For example, 3 months of a HIIT cycling program (90%
VO2max, 3-4 sessions/week) decreased the VAT area (−50.2 cm2)
(Tong et al., 2018) and raised VO2max (Zhang et al., 2017) in young
women (aged 18–23 years) with obesity. EAT is a typical maker of
VAT that exerts detrimental effects on the myocardial architecture
through an elevated LV mass, a deranged RV geometry, susceptible
arrhythmogenicity, and increased lipotoxicity (Iacobellis, 2015; Le
Jemtel et al., 2019; Neeland et al., 2019; Nalliah et al., 2020). EAT is a
significant source of cardiac M1 macrophages (Mouton et al., 2020),
a local transducer of systemic inflammation to the myocardium, and
a provenience of pro-inflammatory adipocytokines, such as tumor
necrosis factor-α (TNF-α) and IL-6 that facilitate the generation of
an inflammatory microenvironment. These factors contribute to
myocardial disarray, fibrosis, and stiffness in uncorrected obesity
(Packer, 2018; Le Jemtel et al., 2019; Rafeh et al., 2020; Wu and
Ballantyne, 2020). After 12 weeks of high-intensity endurance
training cycling (75%–85% VO2max, 3 sessions/week), EAT was
reduced by 32% in previously sedentary adults (mean age 41 years,
26% male) with abdominal obesity due to the isolated effect of HIIT
without dietary restrictions (Christensen et al., 2019). Eight weeks of
high-intensity interval running (75%–80% heart-rate reserve,
3 sessions/week) could be more effective than MICT to reduce
the EAT thickness and improved endothelial function in
hypertensive adults (mean age 50.9 years, 51% male) (Jo et al.,
2020). Only 2 weeks of maximal all-out cycling (3 sessions/week)

resulted in a significant decrease in EAT and PAT, along with
increased aerobic capacity and insulin sensitivity in men (aged
43–53 years) affected by obesity with defective glucose tolerance
(DGT), whereas HIIT appears superior to MICT (Honkala et al.,
2017). Thus, the findings of these studies provide insights for HIIT
for the regulation of the adipocyte distribution, especially EAT.

Despite the many prospects of HIIT, the paucity of studies on
the effect of HIIT on the PAT distribution merits more investigation.
Additionally, there exist limitations in the abovementioned studies
due to the heterogeneity of the participant characteristics or the
HIIT protocol. As a result, future research might include the
detection of additional biochemical and molecular indicators and
an evaluation of HIIT in the AT distribution correlated with cardiac
impairment in individuals with obesity or overweight.

5.2 HIIT modifies the adipose tissue
microenvironment in obesity

Under a hypercaloric or over nourished state, the AT can
multiply through two unique processes, hyperplasia/adipogenesis
(the differentiation of new adipocytes from progenitor cells) and
hypertrophy (an increase in the adipocyte size). AT hyperplasia is
considered a healthy mechanism for forming new functional
adipocytes from the mobilization of preadipocytes without
altering their secretory profile while preserving the AT
vascularization milieu (Vishvanath and Gupta, 2019). Different
from hyperplasia, the hypertrophy and subsequent adipocyte
dysfunction lead to a hypoxic state on account of the imbalance
between the expanding AT mass with increased oxygen
consumption and the decreased capillary density for less oxygen
delivery (Smith et al., 2019). Hypoxic conditions (intra-adipocyte
oxygen concentration <1.4%) lead to greater expression of the
adipocyte hypoxia-inducible factor-1α, nuclear factor kappa B

FIGURE 3
Schematic of the recommended “FITT-VP” framework (frequency, intensity, time, type, volume, and progression) for prescribing high-intensity
interval training to obesity-induced cardiac remodeling in individuals with overweight and obesity.

Frontiers in Physiology frontiersin.org11

Bo et al. 10.3389/fphys.2023.1170324

https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2023.1170324


(NF-κB), and cAMP response element-binding protein genes, and
all of these are related to oxidative stress activation and pro-
inflammatory transcriptome response to induce myocardium
damage (Trayhurn, 2013; Bermudez et al., 2021).

As mentioned above, a hallmark of obesity-related cardiac
damage is an imbalance between the increased oxygen
consumption of cardiac activity and the decreased oxygen
availability during the AT expansion process. When the oxygen
supply is restricted, a high myocardial oxygen consumption (MVO2)
is particularly detrimental to rendering the myocardium more
susceptible to ischemia injury. Increased fatty acid supply and/or
utilization, impaired mitochondrial function and oxidative stress,
and altered Ca2+ handling all contribute to pathological alterations
in ATP synthesis and/or utilization in an obese heart. Compared to
MICT, 3 months of high-intensity interval walking (75%–85%
VO2max, 3 sessions/week) could significantly upregulate the fat
oxidation rate and ADP-stimulated mitochondrial respiration to
improve mitochondrial function in adults with obesity (mean age
39 years, 53%males) (Vaccari et al., 2020). In addition, HIIT exerts a
cardioprotective effect through a myocardium oxygen sparing
mechanism in high-fat load rodents. Ten weeks of HIIT
(running, 85%–90% VO2max, 25o inclination, 5 sessions/week)
improved the postischemic cardiac functional recovery, aerobic
capacity, and glucose tolerance by decreasing MVO2 in male
mice (5–6 weeks old) with obesity (Boardman et al., 2017).
Another comparable study demonstrated that HIIT (running,
85%–90% VO2max, 25o inclination, 5 sessions/week) reduced the
amount of myocardial reactive oxygen species (ROS) and fibrosis in
the myocardium, reducing the mechanical efficiency degradation
caused by obesity in male mice (5–6 weeks old) (Lund et al., 2015).
Even with a three-week training period, HIIT (running, 85%–90%
VO2max, 25o inclination, 5 sessions/week) was able to decrease
myocardial oxygen wasting and increase oxidative phosphorylation,
ameliorating post-ischemic LV diastolic dysfunction and reducing
infarct size in mice affected by obesity (Boardman et al., 2019).
Additionally, obesity triggers cardiomyocytes to undergo apoptosis
by enhancing mitochondrial permeability, cytochrome c release,
caspase-8 and caspase-3 upregulation in cardiomyocytes. Twelve
weeks of HIIT (running, 85%–90% maximum aerobic speed,
5 sessions/week) effectively reduced pro-apoptotic proteins,
including cytochrome c release, caspase-8, and caspase-3 to
suppress cardiomyopathy and HF in rats (3 weeks old) with
obesity (Astani et al., 2022).

Moreover, increased plasma free fatty acids (FFAs) increased
endoplasmic reticulum stress (ERS), and this occurred concurrently
with increased ROS generation of the mitochondria. The protein
kinase RNA-like ER kinase (PERK) is a pivotal branch of unfolded
protein response (UPR) in mitochondria malfunction associated
with ER stress during obesity development. Eight weeks of high-
intensity ladder climbing (80%–100% body weight added in 25o

inclination, 3 sessions/week) was shown to decrease the levels of ER
stress-related proteins, such as the phosphor-PERK (p-PERK)/
PERK ratio and the C/EBP homologous protein (CHOP), a
downstream of PERK that led to myocardium injury in male rats
(50 weeks old) with obesity (Kim et al., 2017; Kim et al., 2018). This
type of intervention also increased the peroxisome proliferator-
activated receptor δ (PPARδ) and mitochondrial enzyme levels to
reduce ER stress and improve mitochondrial efficiency through a

decreased PERK/CHOP pathway (Kim et al., 2017). PPARδ is a
nuclear receptor that is activated by FFAs, as well as an efficient
activator in reducing ROS-associated pathway activity in the
myocardium. Thus, the HIIT induced improvement in cardiac
function partly due to the regulation of myocardial oxygen
metabolism, mitochondrial respiration, and ERS under a
hyperlipidemic condition.

As a matter of fact, the period of HIIT intervention was limited
to 12 weeks, and the study subjects related to HIIT in obesity-
induced mitochondrial impairment and ERS focus on rodents,
which did not provide sufficient data for the application and
efficacy of HIIT in the adipose microenvironment of the
myocardium caused by obesity in clinical patients.

5.3 HIIT alleviates the inflammatory reaction
in an obese heart

The development of a hypoxic microenvironment during
abnormal AT expansion plays a predominant role in activating
adipocytes and resident immune cells, releasing a flood of secretory
factors termed adipokines (Guzik et al., 2017; Leake, 2019; Seo et al.,
2019). Macrophages have been identified as the major cells of this
system in AT. In individuals with obesity, the hypoxic state of AT
results in dysregulation of the adipokines, including interferon-γ
(IF-γ) by T helper 1 (Th1) lymphocytes, to promote anti-
inflammatory M2 macrophage transformation to the pro-
inflammatory M1 phenotype (primarily derived from EAT)
recruitment and polarization. This results in an increased release
of pro-inflammatory cytokines, such as leptin, transforming growth
factor-β, nitric oxide, TNF-α, interleukin (IL)-6, C-reactive protein
(CRP), and toll-like receptors (TLRs), and a decreased secretion of
adiponectin, fibroblast growth factor 21, IL-10, and IL-33 (Guzik
et al., 2017; Lee and Olefsky, 2021). In this scenario, the abnormal
accumulation of AT upregulates pro-inflammatory adipokines and
downregulates anti-inflammatory ones, and this contributes to
triggering the development of a chronic local and systemic
inflammatory reaction, IR, RAAS activation, and lipotoxicity, all
of which may act synergistically with adipokines in the onset and
progression of cardiac damage (Larabee et al., 2020; Ren et al., 2021).

5.3.1 Regulation of cellular immune dynamics
Macrophages are present in less than 10% of AT in lean mice

and humans but can reach up to 40%–50% in individuals with
obesity and leptin-deficient rodents with obesity by local
proliferation and infiltration (Amano et al., 2014). Furthermore,
resident macrophages occur in low numbers in a healthy heart,
where they usually adopt an M2 phenotype but can become
inflammatory with obesity. Under the obese context,
macrophages promote pathological hypertrophy and impair
systolic and diastolic function in the heart via pro-inflammatory
cytokines (TNF-α, IL-1β, IL-6) that stimulate cascade
M1 macrophages that are responsible for the inflammation
associated with the pathological cardiac injury in obesity
(Hulsmans et al., 2018; Mouton et al., 2020).

HIIT is a superior exercise approach for boosting capillary and
anti-inflammatory macrophages in the AT of male rats with obesity
and normal weight, therefore ameliorating inflammatory responses
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and IR (Kolahdouzi et al., 2019). Relatively high-intensity training is
more efficient for M2 macrophages polarization in AT when
compared with the same total exercise amount in male mice
(Baek et al., 2020). Just three sessions of HIIT (running, 85%–
90% HRmax) reverted AT inflammation by increasing the
frequencies of regulatory T (Treg) cells, whose primary job is to
maintain immunological homeostasis in men (aged 20–40 years)
with obesity. This was followed by an increase in anti-inflammatory
cytokines (IL-10, IL-33) (Dorneles et al., 2019). These findings
revealed that HIIT is an effective method to switch macrophage
polarization to the M2 phenotype and modulate numerous features
of immune cells during AT accumulation, but further studies are
required to decipher the macrophage-polarization process and how
this regulates the mechanisms of exercise intervention in obesity.

5.3.2 Decreased pro-inflammatory adipokines
Leptin is a 16-kDa peptide hormone that is primarily released by

adipocytes. It is an adipokine that can modulate the activity of the
pro-inflammatory phenotype Th1 and the sympathetic nervous
system in individuals with obesity (Caron et al., 2018).
Th1 lymphocytes generate IFN-γ, an essential inducer of
macrophage polarization to a pro-inflammatory phenotype (M1),
and they also contribute to systemic inflammation by producing
inflammatory cytokines such as tumor necrosis factor-alpha (TNF-
α). Leptin level is increased in obesity to correspond with cardiac
hypertrophy by binding of leptin to the short form of the leptin
receptor in rat hearts (Rajapurohitam et al., 2003; Zhao et al., 2021).
Short-term high-intensity interval running (90% HRmax,
7 sessions) had a greater impact than MICT in decreasing the
leptin levels and the IFN-γ expression in males with obesity
(mean age 28.5 years). The reduction in IFN-γ by HIIT may
signify a transient reduction in T1-mediated immunity (de Souza
et al., 2018). Moreover, 12 weeks of HIIT (running, 100% maximum
aerobic speed, 3 sessions/week) decreased the blood leptin
concentration and body fat mass, resulting from increased
VO2max at post-intervention in young women with obesity. It
revealed that leptin sensitivity might revert to normal functioning
when adipose tissue was decreased and HIIT-induced aerobic fitness
(VO2max) promotion in female teenagers (mean age 14.2 years)
affected by obesity (Racil et al., 2016a).

C-reactive protein (CPR) is a pentraxin protein primarily
synthesized and secreted by the liver and released into the
bloodstream in response to inflammation in obesity (Yang et al.,
2021). Reduced levels of CRP have been linked to an improvement
in cardiorespiratory fitness. Eight months of high-speed interval
running (90%–95% VO2max, 5 sessions/week) reduced the CRP
levels in aged female rats (18 months) (Sun et al., 2020). Twelve
weeks of high-intensity indoor cycling (80%–95% HRmax,
3 sessions/week) was an effective stimulus for improving the
aerobic capacity and reduce the levels of the CRP in women
(aged 40–60 years) with obesity (Ratajczak et al., 2020). Among
boys (mean age 11.06 years) (Paahoo et al., 2021), girls (mean age
16 years) (Plavsic et al., 2020; Abassi et al., 2021), and women (aged
40–50 years) affected by obesity (Ratajczak et al., 2020), 3 months of
HIIT was more effective than aerobic training for decreasing CRP
and related cardiovascular risk factors. In addition, 3 months of low-
volume high-intensity interval cycling (80%–95% HRmax,
2 sessions/week) meaningfully reduced CRP and IL-6 while

increasing VO2max in metabolic syndrome patients (mean age
53.7 years) with obesity (Reljic et al., 2022). However, it has been
noted that CRP was elevated after 3 weeks of HIIT (84%–87%
HRmax, 4 sessions/week) and reduced in MICT in young adults
(aged 18–44 years, 41% male). This phenomenon was partially
related to inflammation induced by short-term exercise (Vella
et al., 2017).

Toll-like receptors (TLRs), are crucial in early innate immunity
because they recognize both pathogen-associated and endogenous
damage-associated molecular patterns. Increased TLR2 and
TLR4 expressions, as well as the pro-inflammatory milieu that
results, are related with a variety of cardiometabolic risk factors,
including IR, type 2 diabetes, and atherosclerosis (Ji et al., 2019).
Similar to MICT, 2 weeks of HIIT (cycling, 85%–90% HRmax,
5 sessions/week) reduced the TLR2 and TLR4 expressions to
improve glucose control and cardiorespiratory fitness in inactive
adults (mean age 52 years, 15% male) with obesity (Robinson et al.,
2015). This research established that a decrease in TLRs on immune
cells may be a direct anti-inflammatory response to short-term high-
intensity exercise training.

5.3.3 Increased anti-inflammatory adipokines
Adiponectin is one of the most abundant adipokines related to

anti-inflammatory, insulin sensitization, and lipid metabolism
properties (Li et al., 2020; Maeda et al., 2020; Fontanella et al.,
2021). Adiponectin occurs as three oligomeric multimers in
circulation: a low-molecular-weight trimer, a medium molecular
weight hexamer, and a high molecular weight (HMW) multimer.
HMW adiponectin represents the biologically most active form of
adiponectin (Straub and Scherer, 2019). Additionally, adiponectin
prevents cardiomyocyte hypertrophy and myocardial fibrosis in
individuals with obesity. A decline in circulating adiponectin
levels and a loss of cardioprotective effects occur concurrently
with increased body fat mass, particularly visceral fat expansion
(Botta et al., 2019; Fontanella et al., 2021). Following 12 weeks of
high-intensity interval running (100%HRmax, 3 sessions/week), the
plasma adiponectin and high-density lipoprotein-C (HDL-C)
concentration increased dramatically in adult women (mean age
15.9 years) affected by obesity (Racil et al., 2013). A similar protocol
also was demonstrated to upregulate the adiponectin/leptin ratio in
female teenager (mean age 16.6 years) (Racil et al., 2016b). Ten
weeks of high-intensity interval running (90% maximum running
capacity, 3 sessions/week) increased the myocardial high-molecular
adiponectin expression, glucose transporter type 4 (GLUT4)
translocation, and glucose uptake after a high-fat diet in ten-
week-old male mice (Martinez-Huenchullan et al., 2020). This
finding suggested the regulatory function of adiponectin on
glucose metabolism and IR in obesity development (Martinez-
Huenchullan et al., 2020). In addition, increased adiponectin and
decreased leptin have been observed after a short term high-intensity
interval cycling training in young female (mean age 21.7 years)
(Vardar et al., 2018) and aged adults (mean age 61 years, 21% male)
affected by obesity (Heiston et al., 2020). The transient alterations
may imply a favorable function of adipokines in increasing
anaerobic capacity and lowering the fat mass ratio in females
who are overweight/obese (Vardar et al., 2018).

Interleukin 10 (IL-10) is primarily released by Treg cells and
plays a critical role in immunomodulation by suppressing various
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cells such as T and B lymphocytes, macrophages, and dendritic cells.
Since obesity reduces IL-10 levels, systemic IL-10 treatment was
observed to significantly alleviate LA remodeling and the
susceptibility to AF in diet-induced obesity (Kondo et al., 2018).
Compared to MICT, short-term HIIT (running, 85%–90%
maximum power output, 7 sessions) displayed a more substantial
effect on the increased IL-10 level (Dorneles et al., 2019) and a
concomitant decrease in the IL-8 concentration, a pro-inflammatory
factor released from mononuclear cells (Dorneles et al., 2016) in
men (aged 20–40 years) with obesity. Moreover, HIIT-induced IL-
10 overexpressionmay suppress IL-β, IL-6, and TNF-α in mononuclear
cells challenged with lipopolysaccharide and the transcription of IL-8 in
polymorphonuclear leukocytes in individuals with obesity (Dorneles
et al., 2016; Barry et al., 2018). The negative association between IL-10
and IL-8 during HIIT may reaffirm the immunoregulatory role of IL-
10 in the regulation of pro-inflammatory cytokine production and
release. Thus, HIITmay have significant consequences for creating anti-
inflammatory benefits in patients affected by obesity with chronic low-
grade inflammation.

Consequently, many studies have indicated that HIIT has
immunomodulatory effects on the obese heart due to decreased pro-
inflammation, increased anti-inflammation, and the transition ofM1 and
M2 immune cells. However, some studies have shown that HIIT had no
significant ameliorative effect on obesity-induced inflammatory responses
in adults (Mora-Rodriguez et al., 2018; Kao et al., 2021). This might have
been due to the participants’ physiological condition and complex
variable training factors of the HIIT programs in these studies.

5.4 HIIT improves insulin resistance (IR) in
the obese heart

Most research supports the notion that increased pro-
inflammatory macrophages in AT caused by obesity might
directly promote IR. IR is a term that refers to a decrease in the
metabolic response to insulin in target cells or, at the whole-
organism level, a requirement for higher insulin levels to lower
blood glucose (Czech, 2017). The heart is a critical insulin-
responsive organ that might develop IR due to obesity
(Broussard et al., 2016; Hirose et al., 2021). Notably, the
metabolic milieu associated with IR is characterized by elevated
circulating glucose, free fatty acids, triglycerides, and a dysregulated
substrate supply from the periphery to the heart, increased fatty acid
oxidation, and decreased glucose uptake and oxidation, and altered
gene expression in cardiomyocytes. These factors contribute directly
to the development of adverse cardiac remodeling and dysfunction
in obesity (Nakamura and Sadoshima, 2020). According to one
study that included 3,179 individuals, severe IR in early adulthood
was related with increased LV wall thickness and worse longitudinal
systolic strain as well as an increased rate of early diastolic strain in
middle age, depending on the severity of obesity (Kishi et al., 2017).
Among adult men, the homeostatic model assessment for insulin
resistance (HOMA-IR), a critical indicator of insulin sensitivity,
accounted for 26% of the total effect on HF risk. While, in women,
the HOMA-IR accounted for 29% of the effect on HF risk (Savji
et al., 2018). In addition, glucose intolerance displayed a strong
correlation with LV mass/wall thickness in subjects with overweight
and obesity.

HIIT programs have played a positive role in glycemic control,
IR, and cardiovascular function improvements in obesity. For
instance, 12 weeks of high-intensity interval cycling (70%–100%
HRmax, 3 sessions/week) exerted a reduced in fasting plasma
glucose (−6.6%), fasting insulin (−47.2%), HOMA-IR (−50%),
and systolic blood pressure (−6 mmHg) in women (mean age
33.5 years) affected by obesity with IR (Alvarez et al., 2017).
Compared to MICT, three to 4 months of HIIT exerted apparent
effects on fasting insulin decreases, and cardiovascular fitness
increases in males (mean age 42 years) (Poon et al., 2022) and
females (mean age 21.2 years) (Sun et al., 2019) with obesity. Ameta-
analysis involving 379 children (aged 7–19 years) with obesity noted
that HIIT significantly impacted the cardiometabolic risk factors,
especially HOMA-IR, fasting glucose, and fasting insulin (Zhu et al.,
2021). Several HIIT-like regimens (90% VO2max, 4 sessions/week)
have been tested on female patients (mean aged 19.8 years) with
obesity to manage their cardiovascular and metabolic health (Kong
et al., 2016b). One study applied 6 weeks of “5-by-1″ high-intensity
interval cycling (100%–125% VO2max, 4 sessions/week) to produce
beneficial training responses, including a reduction in the HOMA-
IR (−16%) and mean arterial pressure (−3%) and a simultaneous
increase in VO2max (+10%) in adults (mean age 36 years, 52.9%
males) affected by obesity (Phillips et al., 2017). Another remarkable
study indicated that, 8 weeks of high-intensity interval cycling
(85%–95% HRmax, 3 sessions/week) combined with caffeine
intake significantly improved obesity-induced hyperinsulinemia,
hyperglycemia, endotoxicity, cardiorespiratory, and anaerobic
fitness in women (aged 18–30 years) with obesity. Moreover,
synergetic HIIT-caffeine dramatically ameliorated the HIIT-
induced side effects of increased endotoxicity and insulinemia in
obesity (Alkhatib et al., 2020). In the high-fat induced obese mice,
10 weeks of high-intensity interval running (90% maximal running
capacity, 3 sessions/week) elevated myocardial GLUT4 translocation
and glucose uptake (Martinez-Huenchullan et al., 2020).
Additionally, 8 weeks of high-intensity interval running (85%–
90% VO2max, 5 sessions/week) dramatically increased the rates
of myocardial glucose oxidation in the myocardium of obese mice.
This finding proved that HIIT induced a slight alteration in substrate
utilization toward an increased in glucose utilization by
myocardium (Hafstad et al., 2013). Although direct evidence that
HIIT improves IR in obese myocardium is insufficient, HIIT has
been shown to improve insulin-stimulated myocardial glucose
uptake (MGU) in healthy men. One study indicated that 2 weeks
of high-intensity interval cycling significantly decreased the MGU
along with whole body increased insulin sensitivity in healthy heart
(Eskelinen et al., 2016). In brief, HIIT conveys benefits to improve
obesity-induced cardiometabolic risk, and in the instance of IR and
VO2max, it may be suitable and superior to the effect of traditional
continuous training. However, more studies are required to
determine the regulatory impacts of HIIT on myocardium IR
and related signaling pathways in cardiac damage caused by obesity.

5.5 HIIT improves lipid profile related to the
obese heart

One of the primary mediators of intracellular transport of fatty
acids is adipocyte fatty acid-binding protein (AFABP), a lipid
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chaperone abundantly produced by adipocytes and macrophages.
AFABP interacts with c-Jun NH2-terminal kinase (JNK) and the
activator protein-1 to form a positive feedback loop. The
overproduction of AFABP leads to cholesterol and triglyceride
accumulation, as well as pro-inflammatory factors increase. It is
believed to be implicated in inflammatory responses, IR, and
metabolic regulation, all of which are associated with
increased cardiovascular mortality and inflammation (Lee
et al., 2021). After 6 months of HIIT (running, 85%–95%
HRmax, 2 sessions/week), AFABP significantly decreased and
correlated with fasting insulin, HOMA-IR, and triglycerides in
adolescents (mean age 15.5 years) with obesity. This data
indicated that AFABP might positively function in glucose
homeostasis and metabolic syndrome in teenagers affected by
obesity (Bluher et al., 2017).

Atherosclerosis is more likely to occur in individuals with
obesity. High-density lipoprotein (HDL) is a predictor of
atherosclerosis and a factor in assessing cardiac fitness (Sacks
et al., 2020). Apolipoprotein A1 (Apo A-1) may be a more
sensitive indicator of cardiac disease than HDL (May et al.,
2016). Exercise plays a positive role in lipid and lipoprotein
regulation to reverse cholesterol transport in animal study
(Rahmati-Ahmadabad et al., 2019a). This process comprises
multiple significant components, including adenosine
triphosphate-binding cassette transporters (ABCA1, ABCG1,
ABCG4, ABCG5, and ABCG8), Apo A-1, and lecithin-cholesterol
acyltransferase, all of which are involved in HDL synthesis. This
procedure extracted cholesterol from vessels and transported it to
the liver for bile extraction. The peroxisome proliferator-activated
receptor-gamma (PPARγ) and the liver X receptor-α (LXR-α) affect
the ABC transporters to regulate cholesterol effuse (Xia et al., 2012).
Eight weeks of high-intensity interval running (90%–100%
VO2max, 5 sessions/week) stimulated cardiac tissue PPARγ,
LXR-α, and ABCs (ABCA1, ABCG1, ABCG4, ABCG8)
expression to upregulate the plasma HDL to act against
atherosclerosis in male rats (8 weeks old) with obesity (Rahmati-
Ahmadabad et al., 2019b). Twelve weeks of high-intensity cycling
training significantly increased the HDL-C concentration and
decreased the total cholesterol in women (aged 41–60 years) with
obesity (Ratajczak et al., 2020). Another study also indicated that
5 weeks of HIIT (cycling, 90%–100% VO2max, 4 sessions/week)
positively affected bold lipids and cardiorespiratory fitness in young
females (aged 18–30 years) with overweight (Kong et al., 2017).

Moreover, non-alcoholic fatty liver disease (NAFLD) and
cardiometabolic disturbance are extremely common in
individuals who suffer from obesity. Twelve weeks of high-
intensity interval cycling (85%–95% HRmax, 2 sessions/week)
could dramatically decreased alanine aminotransferase (ALT) and
increased VO2max in patients (mean age 52.1 years) with obesity
and metabolic syndrome (MetS) (Reljic et al., 2021a). This effect
might be accomplished by reducing the accumulation and activation
of monocyte-derived macrophages (Fredrickson et al., 2021),
improvement of adiponectin and leptin, and enhancing the
hepatic beta-oxidation (de Castro-de-Paiva et al., 2022) through
HIIT intervention in NAFLD. Thus, HIIT yielded the amelioration
in the cardiac fitness in individuals with obesity, supporting the
positive effect of a HIIT regime for cardiac lipometabolic risk in
obesity development.

5.6 HIIT regulates hemodynamics in obesity

Excessive carbohydrate and fat intake tend to produce
hypertension, RAS dysfunction, and cardiac remodeling to induce
a hemodynamic disturbance in obesity. In high-fat diet mice,
12 weeks of HIIT (running, 90% VO2max, 3 sessions/week)
displayed a remarkable reduction in systolic blood pressure (SBP)
(−6.5%, relative to 10 mmHg) and LV mass (−8.5%) compared to
the sedentary group (de Oliveira Sa et al., 2017). Moreover, HIIT
modulated the expression of LV-RAS axis-related components,
including the ACE-Ang II-AT1R and ACE2/Mas receptors (de
Oliveira Sa et al., 2017). After 1 month of HIIT, the SBP was
significantly decreased in adults (aged 30–50 years) with obesity
(Gripp et al., 2021). Three months of HIIT intervention (running,
85%–95% HRmax, 2 sessions/week) accompanied by nutrition
advice decreased the systolic and diastolic blood pressure and
improved cardiac fitness in adolescent girls (mean age 16 years)
with obesity (Plavsic et al., 2020). Thus, HIIT regulates
hemodynamics through lowering blood pressure and local RAS
system in the heart to ameliorate cardiac damage associated with
obesity.

6 Brief guidelines for the performance
and surveillance of HIIT in individuals
with obesity

Although HIIT is an effective and low-cost non-
pharmacological therapy method, the safety of HIIT in individual
with severe obesity and/or cardiac vulnerability should be
considered during implementing HIIT as routine therapy (Eckel
et al., 2014; Riebe et al., 2018). Currently, a contentious issue arises
regarding the potential adverse effects of high-intensity exercise on
cardiac health, particularly in certain individuals (La Gerche and
Heidbuchel, 2014). There is a scarcity of data on the safety of HIIT in
clinical populations with obesity. A systematic analysis revealed that
the utilization of HIIT in individuals with cardiometabolic diseases
resulted in an adverse event rate of 8% (Levinger et al., 2015). Recent
studies indicate that engaging in HIIT may potentially lead to
negative cardiovascular consequences, including heightened
susceptibility to AF, the development of coronary artery
calcification, and the formation of myocardial fibrosis
(Mozaffarian et al., 2008; von Klot et al., 2008; Eijsvogels et al.,
2016; Franklin et al., 2020). Consequently, professional groups, like
as the American Heart Association (AHA) and American College of
Sports Medicine (ACSM) have consistently advocated for the
utilization of cost-effective screening methods and development
of gradually progressive exercise regimens to mitigate the risk
associated with HIIT in individual who suffer from obesity or
cardiometabolic disease (Guazzi et al., 2012; Stone et al., 2014;
Riebe et al., 2018; Arnett et al., 2019). Due to the diversity of
HIIT protocols, there are no universal criteria or framework for
prescribing and monitoring HIIT in clinical groups (Jensen et al.,
2014). The most common uncertainties in prescription and
performance of HIIT for individuals with overweight or obesity
include the specific exercise intensity and durations of high and low
intervals, the method for prescribing exercise intensity (e.g.,
percentage of peak HR, rating of perceived exertion, etc.), and
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participant safety (Dun et al., 2019; Taylor et al., 2019). As HIIT
generates the near-maximal exercise intensity, the primary
prerequisite is to apply appropriate screening (e.g.,
electrocardiogram, electrocardiography, haemodynamic variables)
to assess the suitability and identify risk factors of HIIT participants
prior to HIIT intervention (Fletcher et al., 2013; Riebe et al., 2015).
To maximize the safety of participants with obesity, a framework for
HIIT prescription could incorporate objective and subjective
measurements of exercise intensity (HR target zone) (Taylor
et al., 2019), including measuring the maximal heart rate
(HRmax) through cardiopulmonary exercise testing (Guazzi
et al., 2012; Lavie et al., 2018) or predictive equation [e.g.,
HRmax = 211 − (0.64×age)] (Nes et al., 2013). However, it
should be noted that due to significant inter-individual
variability, training prescriptions based on such equations may be
associated with error. The HR target zone of HIIT is corresponding
to 85%–95% HRmax, which could be validated by rating of
perceived exertion (RPE). For this purpose, the intensity of the
starting workload in HIIT is matching to a participant’s RPE 15
(hard), and the finishing workload at RPE 17–18 (very hard) (Taylor
et al., 2019; Andreato, 2020). In addition, participants should be
monitored (e.g., average training HR and RPE, peak training HR and
RPE, blood pressure) and questioned (e.g., dizziness, palpitation,
angina, and dyspnea) regularly following medical clearance to
identify any symptoms preclude HIIT implementation (Lavie
et al., 2018; Taylor et al., 2019). To guarantee appropriate
progression, the intensity target should be increasing the
workload (e.g., speed/incline on a treadmill or watts on a bike)
on a regular (e.g., weekly) basis (Taylor et al., 2019). For the safety of
individuals affected by severe obesity or/and cardiac vulnerability,
the warm-up period could be extended from 5–10 min–10 min and
the cool-down duration could be increased from 3 min to 3–5 min
when conducing HIIT (Taylor et al., 2019). To progressively
introduce HIIT, the prescription can begin with shorter interval
periods (1–2 min) and graduate to longer interval periods (3–4 min)
as exercise intolerance and physical fitness improve in obesity
(Taylor et al., 2021). Thus, appropriate pre-exercise screening of
contraindication and regular monitoring of physiological responses
could maximize the safety and effectiveness when applying HIIT
within the obesity setting. Regarding to the exercise type, several
studies indicated that non-weight-bearing exercise (such as
swimming, rowing, lifting, etc.) with a low risk of injury might
enhance the positive effects of HIIT on metabolic health by
recruiting multiple lower and upper body muscle groups in
individuals who suffer from obesity (Reljic et al., 2019; Petersen
et al., 2022). In addition, training volume is a considerable factor in
the efficacy of HIIT treatment. A growing body of evidence
suggests that a low-volume exercise program can produce
comparable or even superior improvements in cardiorespiratory
fitness (CRF) than MICT, despite significantly less training volume
and time consumption (Ramos et al., 2017; Reljic et al., 2021b;
Ramos et al., 2021; McGregor et al., 2023). Reljic et al.
demonstrated that only 28min of low-volume HIIT per week
could result in dramatically improvement in CRF and
cardiometabolic healthy in obesity with MetS (Reljic et al.,
2021b). Therefore, safety training intensity, appropriate training
type, and effective training volume are the cornerstone in the HIIT
therapy in obesity (Figure 3).

7 The limitations of HIIT prescribed for
obesity

As aforementioned, HIIT has displayed improvements in
obesity-induced risks of cardiac remodeling. However, such
suggestion has been based on a small number of 1–12 weeks of
investigations that is insufficient for inducing a long-term adaptive
physiological reaction in individual with obesity. Based on this, the
term “HIIT” may not be appropriate in the absence of training “T"
long-term adaptive response and could possibly be supplanted with
“HI” in obesity (Alkhatib, 2023). One recent evidence indicated that
8 weeks of high-intensity interval cycling substantially elevated the
glucose-insulin cycle and metabolic endotoxicity (1 session to
18 sessions equivalent to 24 sessions) in women (aged
18–30 years) with severe obesity (body fat>40%) (Alkhatib et al.,
2020). Another observation also suggested that accumulated HIIT
sessions might induce transient impairments in mitochondrial
respiration and glucose homeostasis in healthy individuals
(Flockhart et al., 2021). The negative acute metabolic response in
the early to mid-phase elicited by HIIT might be ameliorated by
prolonged adherence and adaption of high-intensity training.
Current studies report outcomes after short-term of HIIT
interventions, which highlighting the need for extended
comprehensive follow-up, that is, months-to-years post
rehabilitation. Actually, long-term adherence of HIIT is a
challenging goal to reach in obesity with high-risk complications
(Alkhatib, 2023). Additionally, high-intensity exercise with an
associated high-intensity response temporarily increases the risk
of precipitating a cardiac event in individuals with known or occult
cardiovascular disease (Quindry et al., 2019; Alkhatib, 2023).
According to a seminal study, high-intensity vigorous exercise
increased the risk of acute cardiac events in patients with
coronary heart disease by almost sixfold when compared to
moderate-intensity exercise (Rognmo et al., 2012). Not
surprisingly, no previously published studies have enrolled high-
risk patients with obesity in HIIT intervention, and the dates of these
publication indicate a migration from low-to moderate-risk
participants. In particular, the majority of published studies
enrolled low-risk individuals with obesity. Additional
investigations should identify the specifics of the HIIT stimulus
in patients with severe obesity-induced cardiac deterioration.
Moreover, risk stratification of patients should be considered in
relation to the appropriateness of HIIT rehabilitation. Another
evidence from one research of home-based HIIT, in which one
patient perished during the warm-up session, highlights the risk of
acute cardiac events and the significance of direct patient
supervision during exercise (Moholdt et al., 2012). While
participation in cardiac rehabilitation under medical supervision
significantly reduces the likelihood of subsequent cardiac events
(Quindry et al., 2019), HIIT applications in medically supervised
settings should also be addressed and investigated in obesity.
Obviously, safety, long-term benefits, compliance, and harmful
physiological side effects of HIIT implementation in individuals
with obesity are still up for dispute. Thus, additional research is
necessary to characterize the metabolic profiles and adaptive
cardiometabolic responses of the HIIT stimulus in obesity for the
accurately prescribe personalized lifestyle interventions (Alkhatib,
2023).

Frontiers in Physiology frontiersin.org16

Bo et al. 10.3389/fphys.2023.1170324

https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2023.1170324


8 Conclusion

Given its robust effects on the adipose tissue distribution,
inflammation, IR, and lipid metabolism, we would predict that
HIIT would have a positive role against cardiac detrimental
remodeling and disease caused by obesity or excess weight.
Moreover, when compared with MICT, HIIT had a more
significant effect on improving AT distribution (Honkala
et al., 2017; Jo et al., 2020), fat oxidation (Vaccari et al.,
2020), inflammatory reaction (Robinson et al., 2015; de Souza
et al., 2018; Dorneles et al., 2019), and IR (Sun et al., 2019) in
obesity-induced cardiac damage. Thus, HIIT can be viewed as a
time-efficient intervention for managing individuals with
overweight and obesity due to its equivalent efficacy and less
time consumption to MICT. However, the physiological and
molecular mechanisms of HIIT intervention in obesity, like
energy metabolism, mitochondrial function, inflammatory
reaction, insulin sensitivity, and other regulatory factors,
require further study. Moreover, there was some indication
that the adult weight status affected the efficacy of HIIT in
reducing cardiometabolic disease risk (Batacan et al., 2017;
Campbell et al., 2019). Adults classified as overweight or
obese are more receptive to the benefits of HIIT than adults
classified as average weight. In addition, compared to traditional
MICT and resistance training, the regimes of HIIT are more
complex and variable, such as having an increased intensity,
work-to-rest ratio, or total duration. Thus, future studies should
focus on investigating the differential response to HIIT
treatment as a function of subject characteristics. As a result
of the numerous advantages of HIIT on the primary elements of
cardiometabolic health, a tailored exercise prescription should
be more targeted in the treatment of individuals who are
overweight or obese. Collective understanding highlights
numerous specific research that are needed before the safety
and effectiveness of HIIT can be confirmed and widely adopted
in patient with obesity.
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