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ABSTRACT
Introduction: High-intensity interval training (HIIT) has been
found to improve cardiometabolic health outcome as
compared to moderate-intensity continuous exercise.
However, there is still limited data on the benefits of HIIT on
the expression of regulatory proteins that are linked to
skeletal muscle metabolism and insulin sensitivity in obese
adults. This study investigated the effects of HIIT
intervention on expressions of peroxisome proliferator-
activated receptor-γ coactivator 1-α (PGC-1α) and
adiponectin receptor-1 (AdipoR1), insulin sensitivity (HOMA-
IR index), and body composition in overweight/obese
individuals. 

Methods: Fifty overweight/obese individuals aged 22-29
years were assigned to either no-exercise control (n=25) or
HIIT (n=25) group. The HIIT group underwent a 12-week
intervention, three days/week, with intensity of 65-80% of
age-based maximum heart rate. Anthropometric
measurements, homeostatic model of insulin resistance
(HOMA-IR) and gene expression analysis were conducted at
baseline and post intervention.

Results: Significant time-by-group interactions (p<0.001)
were found for body weight, BMI, waist circumference and
body fat percentage. The HIIT group had lower body weight
(2.3%, p<0.001), BMI (2.7%, p<0.001), waist circumference
(2.4%, p<0.001) and body fat percentage (4.3%, p<0.001) post
intervention. Compared to baseline, expressions of PGC-1α
and AdipoR1 were increased by approximately three-fold
(p=0.019) and two-fold (p=0.003) respectively, along with
improved insulin sensitivity (33%, p=0.019) in the HIIT group. 

Conclusion: Findings suggest that HIIT possibly improved
insulin sensitivity through modulation of PGC-1α and
AdipoR1. This study also showed that improved metabolic
responses can occur despite modest reduction in body
weight in overweight/obese individuals undergoing HIIT
intervention.

Key WORdS:
exercise, obesity, PGC-1α, insulin resistance, adiponectin

INTROdUCTION
Adults should obtain a minimum of 150 minutes per week of
moderate-intensity physical activity for health, and possibly
higher levels to promote weight loss or maintenance. Despite
the well-established benefits of regular physical activity for
improving cardiometabolic health, it remains difficult for
health professionals to get individuals to adhere to current
physical activity guideline by American College of Sports
Medicine (ACSM) of at least 30 min per day of moderate
intensity exercise five days a week, or vigorous exercise for 20
min per day, three days a week.1 Over the past decade there
has been considerable interest surrounding high-intensity
interval training (HIIT), a type of training that is
characterised by brief, intermittent bursts of vigorous activity,
often using bodyweight as resistance, interspersed by periods
of rest or low-intensity exercise.2 Due to the nature of the
exercise, HIIT thereby challenges both the aerobic and
anaerobic systems in comparison to steady-state aerobic
exercises.2 As the safety of HIIT becomes clearer, focus has
shifted away from using HIIT in healthy individuals towards
clinical populations in improving health-related outcomes.
The rationale of using HIIT in both healthy and clinical
populations is that the vigorous activity component of HIIT
promote greater adaptations via increased cellular stress, yet
their short duration, and the ensuing recovery intervals,
allow even untrained individuals to work harder than would
otherwise be possible in traditional, steady-state exercises.3

A growing body of evidence has demonstrated comparable or
superior improvements in cardiometabolic health outcomes
using HIIT as compared to traditional, moderate-intensity
continuous training (MICT). HIIT have been shown to yield
benefits of similar, if not greater magnitude to MICT on
glycaemic control,4 blood pressure5 and aerobic endurance6

despite relatively shorter time commitment. The impact of
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HIIT on metabolic health is in part influenced by
physiological adaptations of the skeletal muscles, possibly
involving activation of biochemical signalling cascades in
muscle, resulting in expression of transcriptional factors and
gene products that constitutes to the metabolic flexibility of
skeletal muscles in mediating fat and glucose metabolism.7

Recently, studies have reported that HIIT activates molecular
signalling pathways linked to peroxisome proliferator-
activated receptor gamma coactivator-1α (PGC-1α).8 PGC-
1α, a well-known master regulator of mitochondrial gene
expression, has been shown to facilitate skeletal muscle
mitochondrial adaptations and oxidative capacity resulting
in improved fatty acid oxidation and insulin sensitivity in
response to exercise.9 The skeletal muscle is also an important
target tissue for adiponectin where it regulates glucose and
fatty acid metabolism directly and via insulin sensitising
effects.10 Adiponectin exerts its action via binding to
adiponectin receptors, with adiponectin receptor-1 (AdipoR1)
being abundantly expressed in skeletal muscles.11 In addition,
peripheral blood mononuclear cells and macrophages
express AdipoR1, allowing adiponectin to exert anti-
inflammatory and anti-atherogenic effects by modulating
macrophage functions from the pro-inflammatory M1 to the
anti-inflammatory M2 phenotype.12 AdipoR1 levels have
been shown to be significantly decreased in the muscle and
adipose tissue of insulin-resistant ob/ob mice,13 indicating its
role in glucose homeostasis and insulin sensitivity. On the
contrary, exercise training increases adiponectin receptors,
which may mediate the improvement of insulin resistance
often seen with regular exercise, which then contributes to
the overall anti-diabetic outcome of adiponectin action.14

Although it appears that exercise may induce favourable
changes within the skeletal muscle that in turn promotes
oxidative capacity and metabolic homeostasis, only little is
known about changes in PGC-1α and AdipoR1 gene
expressions in relation to insulin sensitivity following HIIT
intervention. These changes, along with other adaptations,
not only may improve insulin sensitivity but also increase the
efficiency for muscle to oxidise fat as a substrate for energy,
therefore facilitating greater weight loss, which will benefit
individuals with obesity. 

The primary aim of the present study was to investigate the
effects of a 12-week HIIT intervention on the expression of
genes linked to insulin sensitivity, i.e., PGC-1α and AdipoR1
in overweight/obese adults. In addition, we also aim to assess
the changes in insulin sensitivity and body composition in
response to the HITT intervention. We hypothesized that 12
weeks of HIIT intervention would increase the expression of
PGC-1α and AdipoR1 genes as well as improved insulin
sensitivity and body composition in overweight/obese adults.

MeTHOdOLOGy
Participants
Seventy (70) overweight/obese individuals, aged 22-39 years,
were recruited into this study and were assigned into two
groups. A final total of 50 (n=50) participants were included
in the statistical analysis (Figure 1). A quasi-experimental
design with purposive sampling was used for this study. We

neither employed randomisation nor blinding in this study.
Participants were allowed to be in their preferred group.
Inclusion criteria were overweight/obese (BMI>25kg/m2), not
meeting the current physical activity guidelines in the
preceding year, non-smokers and willing to participate in an
exercise intervention. Exclusion criteria included diagnosis of
chronic diseases (type 2 diabetes, cardiovascular, renal, etc.),
musculoskeletal problems, and taking medications or dietary
supplements known to affect the primary outcomes of the
study. The study was conducted in Universiti Teknologi
MARA, Shah Alam. Following a verbal and written
explanation of the nature and risks involved in the study,
written, informed consent was obtained from all volunteers.
The study was performed in accordance with the Declaration
of Helsinki and is based on principles of Good Clinical
Practice. The study protocol was approved by the Ethics
Committee of Universiti Kebangsaan Malaysia Medical
Center (NN-083-2015).

Pre-Intervention Measurements
All subjects were assessed at baseline, prior to start of the
intervention. Subjects attended the research laboratory after
a minimum of a 10-hour overnight fast for anthropometric
measurements and blood sample collection. Upon
completion of baseline measurements, subjects were assigned
into either the intervention (HIIT; n=25) or control (CON;
n=25) groups.

Anthropometric Measures
All subjects were weighed barefoot and with minimal
clothing. Body height was measured by the digital
stadiometer and body weight was determined by a digital
scale (SECA®, Vogel & Halke GmbH, Germany). Body mass
index (BMI) was calculated as the weight (kg) divided by the
square of the height (m2). Waist circumference was measured
with a flexible, non-elastic band (SECA®, Vogel & Halke
GmbH, Germany) according to standard protocol. Waist
circumference was defined as the smallest abdominal girth
between the lowest rib and the upper anterior iliac spine.
Percentage of body fat was determined using bioelectrical
impedance analysis (BIA) (TANITA, Japan).

Blood Sampling 
Fasted blood samples (10ml) were collected in the morning
using the standard phlebotomy technique into vacutainers
containing either EDTA, sodium fluoride or serum separator
for RNA extraction, glucose measurement and insulin
measurement respectively. Blood samples containing EDTA
were processed immediately for PGC-1α and AdipoR1 gene
analysis. Blood samples for glucose and insulin analysis were
centrifuged at 1000g and 4°C for 10 minutes. Aliquots of
plasma and serum were frozen and stored at -80°C until
analysis. Insulin levels were measured in duplicate using an
enzyme-linked immunosorbent assay kit (Demeditec
Diagnostics GmbH, Germany). The homeostasis assessment
model of insulin resistance (HOMA-IR) was used as a
surrogate measure of insulin sensitivity (HOMA-IR = fasting
insulin (µU/ml) × fasting glucose (mM)/22.5)15. Plasma
glucose levels were measured using the Cobas system (Roche
Diagnostics GmbH, Germany).
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HIIT Intervention
All participants in the HIIT group received an intervention of
high-intensity interval training, consisting of 60-min
sessions, three times weekly for a total of 12 weeks.
Meanwhile, subjects in the CON group were required to
maintain their regular daily activities and diet throughout
the same period. Briefly, the core of the HIIT intervention
consisted of 10 exercise stations targeting different muscle
groups. The selected exercises are jumping jack (total body),
squat (lower body), push up (upper body), abdominal crunch
(core), burpee (total body), mountain climber (lower body),
side to side push up (upper body), plank (core), high knees
(total body) and lunges (lower body). Subjects were required
to perform as many repetitions as possible for 30 seconds of
each exercise followed by a 30-sec rest. Each exercise was to
be performed in three sets with a 2-min interval between sets.
Subjects were guided to keep their exercise intensity at 65-
80% of maximal heart rate using heart rate monitors (S610,
POLAR, Finland). Active warm-up and cool-down periods
were included in all sessions. All exercise sessions were
actively conducted and supervised by an investigator. The
HIIT was solely an exercise intervention and did not include
education for dietary modification or behavioural
modification to minimise the influence of additional factors.
A record of attendance was maintained throughout the 12
weeks.

Post-Intervention Measurements
Post-training measurements were assessed >48 hours (and no
longer than five days) following the last training session.
Subjects reported to the research laboratory after an
overnight fast (minimum 10 hours) and underwent identical
assessments to those outlined in ‘pre-intervention
measurements.’

Gene Analysis Procedures
RNA Extraction
Total RNA was extracted from whole blood using Nucleospin
RNA blood kit (Macherey Nagel, Germany) according to
manufacturer's protocol and optimisation technique. RNA
yield and purity were determined using ND-1000
spectrophotometer (NanoDrop Technologies, Wilmington,
USA). cDNA conversion was performed on 20ng of each RNA
sample using Quantinova Reverse Transcription Kit (Qiagen,
Hilden, Germany) according to manufacturer's protocol and
stored at -20°C prior to analysis.

Quantitative Real-Time PCR 
The PCR recipe was comprised of 1.0µl of each cDNA served
as a template in 5µl of SYBR® Green supermix (Bio-Rad, CA,
USA), 1.0µl forward and reverse primers at 400nM
concentration and 2.0µl dH2O. Primer pairs for PGC-1α and
AdipoR1 were obtained from previous studies16,17 and the
sequences were confirmed through Bioinformatics (reverse
compliment, BLAST & Oligo explorer) and PCR
amplification. Forward and reverse primers for PGC-1α and
AdipoR1 were as follows: PGC-1α-F:
5’GGTCTCTCCTTGCAGCACAA3’, PGC-1α-R: 5’CTGGGA
TGACCGAAGTGCTT3’; AdipoR1-F:  5’CCTTCTACTGCTCCCCACAG3’,
AdipoR1-R: 5’CTATCGCTGAGGGCTTTGTC3’. Amplification
and gene expression analysis were carried out in CFX96TM
Real-Time PCR Detection System (Bio-Rad, CA, USA). Gene

expressions were normalised to the expression of the
housekeeper Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) gene, which has been found to be stable in response
to exercise.18 GAPDH primers were as follows: F:
5’GTGAAGGTCGGAGTCAACG3’, R: 5’GAGGTCAATGAAGGGGTC3’.
All procedures were performed in triplicate. Data from the
reaction was collected and analysed using computer software
CFX Manager ver. 3.1 (Bio-Rad, CA, USA). Gene expression
was considered significantly different when the ΔΔCT exceeds
a two-fold change.19

Statistical Analysis
Sample size calculation was primarily based on the number
of participants needed to detect a difference of at least 10% in
insulin sensitivity.29 A priori power calculation indicated that
25 subjects per arm would enable detection of said change
with 80% power. Data was expressed as mean ± standard
deviation (SD). Normality of distribution for dependent
variables was assessed using the Shapiro-Wilk test. Gene
expression data were relative and therefore were log10
transformed to ensure normality of errors. Data analysis was
performed using per-protocol analysis. Independent t-test
was used to compare the baseline data between groups for all
parameters. A two-factor (time: pre and post; group: control
and exercise) with mixed-design ANOVA was used to
evaluate possible interactions followed by paired-sample t
test to determine the effect of intervention in both groups. All
statistical analyses were performed using Statistical Package
for the Social Sciences (version 23.0; SPSS, Inc., Chicago, IL),
with a type I error of α=0.05. 

ReSULTS 
Subjects’ Characteristics
Baseline characteristics of the subjects is summarised in Table
I. All subjects in the HIIT group completed the intervention
with at least 80% adherence. The numbers of male and
female participants in the study were equal (25 vs. 25).
Overall, the mean age and BMI for all participants were 29
(SD5) years and 29.4 (SD3.7)kg/m2 respectively. About 35%
(n=17) subjects were categorised as overweight while the rest
were as obese (65%, n=33). Waist circumference
measurements indicated that 45% of males and 25% of
females were classified as high risk (male: >102cm; female:
>88cm) At baseline, there were no significant differences
between the HIIT and CON groups for body composition, as
well as for fasting glucose and insulin concentrations.

Body Composition 
The changes in body composition of subjects in response to
12-week HIIT intervention is summarised in Table II.
Significant time-by-group interactions were found for weight,
BMI, waist circumference and percentage of body fat
(p<0.001 for all). Subjects in the HIIT group had significant
reductions in body weight (2.3%, p<0.001), BMI (2.7%,
p<0.001), waist circumference (2.4%, p<0.001) and
percentage of body fat (4.3%, p<0.001) following 12 weeks of
intervention. While subjects in the HIIT group lost an average
of 1.8 (SD1.3) kg of body weight, those in CON gained an
average of 1.2 (SD 1.4) kg at the end of the intervention.
Similarly, subjects in CON had increased waist circumference
(0.9; SD0.7cm), while those in HIIT group lost 2.2 (SD1.6)cm.
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Table II: Body composition and insulin sensitivity pre and post High Intensity Interval Training (HIIT) Intervention and 
control groups (CON)

Parameters HIIT group (n=25) CON group (n=25)
pre Post Pre Post

Mean (Sd) Mean (Sd) Mean (Sd) Mean (Sd)
Body weight (kg) 78.1 (11.2) 76.3 (10.9)a, b 80.5 (17.3) 81.7 (18.0)a, b

BMI (kg/m2) 29.4 (3.3) 28.6 (3.2)a, b 29.4 (4.0) 29.9 (4.0)a, b

Waist circumference (cm) 91.7 (9.2) 89.5 (9.0)a, b 90.8 (11.8) 91.7 (12.1)a, b

Body fat percentage (%) 34.0 (6.4) 32.5 (6.4)a, b 34.4 (7.3) 34.8 (6.9) 
Blood glucose (mmol/l) 5.2 (1.1) 4.7 (0.8)a, b 5.0 (0.7) 5.2 (0.8)a, b

Insulin (µU/ml) 11.5 (10.1) 8.8 (8.7)a, b 12.3 (10.1) 14.8 (10.8)a, b

HOMA-IR index 2.7 (2.5) 1.8 (1.7)a, b 2.9 (2.9) 3.6 (3.3)a, b

SD – Standard Deviation
a significant (p<0.01) for comparison between group (HIIT vs. CON)
b significant (p<0.01) for comparison within group (pre vs. post)

Table I: Baseline characteristics of the participants in the high-intensity interval training (HIIT) and control (CON) groups
Characteristics HIIT group (n=25) CON group (n=25)

Mean (Sd) Mean (Sd) 
Sex

Male (n) 11 14
Female (n) 14 11

Age (years) 29.6 (5.4) 29.8 (5.1)
Body weight (kg) 78.1 (11.2) 80.5 (17.3)
Body mass index (kg/m2) 29.4  (3.4) 29.4 (4.0)
Waist circumference (cm) 91.7 (9.2) 90.8 (11.8)
Body fat percentage (%) 34.0 (6.4) 34.4 (7.3)
Fasting blood glucose (mmol/l) 5.2 (1.1) 5.03 (0.75)
Insulin (µU/ml) 11.5 (10.1) 12.3 (10.1)
HOMA-IR index 2.7 (2.5) 2.9 (2.9)
PGC-1α (relative fold change) 1.00 (0.00) 1.00 (0.00)
Adipo R1 (relative fold change) 1.00 (0.00) 1.00 (0.00)

SD – Standard deviation

Fig. 1: Recruitment flow chart for per-protocol analysis. Fig. 2: Changes in PGC-1α (A) and AdipoR1 (B) expression in
peripheral blood mRNA levels. Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) was used as internal loading
control. The expression of genes was calculated by the ΔΔCT
method, and expressed as fold induction relative to pre
intervention. Data are mean ± Standard Error. 
a significant (p<0.01) for comparison between group (high-
intensity interval training (HIIT) vs. control (CON))
b significant (p<0.01) for comparison within group (pre vs.
post)
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The observed changes in body weight and waist
circumference in relation to baseline were significant in CON
(p<0.001 for both).  

Insulin Sensitivity
The changes in fasting glucose, insulin and insulin sensitivity
(HOMA-IR) in response to 12-week HIIT intervention is
summarised in Table 2II. Significant time-by-group
interactions were found for fasting glucose (F(1,48)=24.98,
η2=0.34, p<0.001), fasting insulin (F(1,48)=24.25, η2=0.33,
p<0.001), and HOMA-IR (F(1,48)=25.17, η2=0.34, p<0.001).
Compared to baseline, subjects in the HIIT group had reduced
fasting glucose (9.6%, p<0.001) and fasting insulin (23.5%,
p=0.002) following 12 weeks of intervention. These reductions
had resulted favourably in improved insulin sensitivity
(represented by lower HOMA-IR values) by 33% (p=0.003) in
the HIIT group. On the contrary, fasting glucose (4%,
p<0.001), fasting insulin (19%, p=0.002) and HOMA-IR (24%,
p<0.001) were significantly increased in CON group
following the same intervention period when compared to
baseline. At the end of the 12-week intervention, insulin
sensitivity was twice as increased in the HIIT group (1.8; SD
1.7) compared to CON (3.6; SD3.3; p=0.011). 

Gene Expression
Figure 1 represents the PGC-1α (A) and AdipoR1 (B)
expressions in peripheral blood mRNA levels, expressed in
fold-change relative to baseline levels in HIIT and CON
groups. Significant time-by-group interactions were found for
PGC-1α (F(1,48)=10.69, η2=0.18, p=0.0002), and AdipoR1
(F(1,48)=11.00, η2=0.19, p=0.002) gene expression levels. The
HIIT intervention resulted in increased expressions of PGC-1α
by 2.8-fold (p=0.019) and AdipoR1 by two-fold (p=0.003)
following 12 weeks when compared to baseline. The
increased expressions in PGC-1α (p=0.004) and AdipoR1
(p=0.001) were significantly greater in HIIT group when
compared to CON. Interestingly, the expression of PGC-1α
was significantly reduced in CON following 12 weeks
compared to baseline (p<0.001). No change in AdipoR1
expression was detected in CON following the same period.

dISCUSSION
To our knowledge, very few studies have reported on the
possible alterations in gene expressions primarily involved in
energy homeostasis and glucose metabolism in response to
high intensity interval training (HIIT), especially in the obese,
human populations. The major finding of this study was that
12 weeks of HIIT intervention led to increased PGC-1α and
AdipoR1 gene expression levels, and more importantly these
increases were followed by improvements in insulin
sensitivity and body composition in overweight/obese
individuals.

There is a growing understanding that HIIT induces
molecular mechanisms underlying skeletal muscle
adaptations,2 possibly due to high mechanical loads on the
muscles in combination with increased activation of
anaerobic metabolism.20 The PGC-1 family of transcriptional
coactivators, particularly PGC-1α have been shown to be
important mediators of cellular adaptation to diverse stimuli
in major organs in the body and most notably the skeletal
muscle.9 In addition to regulating important cellular

processes, local activation of the various PGC-1s is
communicated to other tissues in the body, thus eliciting an
integrated systemic response.21 Studies have reported that
exercise training activates molecular signalling pathways
linked to PGC-1α9,22 in the skeletal muscle. The expression of
PGC-1α is thought to be strongly influenced by muscle
contractile activity in both humans and rodents.22 Moreover,
studies have shown that the expression of PGC-1α is
significantly decreased in the skeletal muscle and adipose
tissue of insulin-resistant and morbidly obese individuals,9

implicating the role of PGC-1α in maintaining glucose
homeostasis. Notably in the present study, we observed low
baseline mRNA expression of PGC-1α and AdipoR1 in all our
subjects (data no shown), which may be indicative of
impaired insulin sensitivity and sedentary lifestyle.

Following 12 weeks of HITT intervention however, a near
three-fold increase in PGC-1α expression levels were observed
in the exercised group. This finding is consistent with similar
studies in which high-intensity interval-type training led to
increases in PGC-1α expression by several folds in skeletal
muscles.23 The increase in PGC-1α expression in the study was
also accompanied by a two-fold increase in AdipoR1
expression. Over the last few years, comprehensive reviews
have highlighted the pleiotropic actions of adiponectin in
various tissues and cells in response to stresses. Importantly,
many of these effects were mediated and dependent on
AdipoR1, a muscle-specific adiponectin receptor. It has been
reported that disruption of AdipoR1 receptor expression in
skeletal muscle have been associated with mitochondrial
dysfunctions and insulin resistance.13,23 In parallel with our
finding, several studies have shown increased mRNA
expression of AdipoR1 in both skeletal muscle24 and plasma25

in response to aerobic-type training. In addition, Cho et al.,26

recently demonstrated that eight weeks of HIIT prevented the
reduction of AdipoR1 expression in both serum and adipose
tissue in high-fat-diet-induced obese mice. Together, our
findings further support the potency of HITT as a stimulus for
upregulation of PGC-1α and AdipoR1 mRNA expressions in
the overweight/obese.

In concurrent with increased expressions of PGC-1α and
AdipoR1, the present study also observed improved insulin
sensitivity in response to the HIIT intervention. Our findings
are consistent with established evidence that HIIT is effective
in improving insulin sensitivity, even more so compared to
traditional continuous moderate intensity exercise.27 Despite
these beneficial metabolic effects, the molecular mechanisms
underlying the glycaemic-lowering effects of HIIT have yet to
be defined. One possible mechanism by which HIIT may
improve insulin sensitivity involves the activation of AMP-
activated protein kinase (AMPK) in the skeletal muscle, most
likely due to accelerated ATP consumption by contracting
muscles.28 AMPK exerts its metabolic effects via several key
downstream mediators including the PGC-1α.29 The increased
expression of PGC-1α observed in the study may have
contributed to insulin sensitivity as it has been shown that
PGC-1α activates the expression and translocation of glucose
transporter 4 (GLUT4) and insulin-stimulated glucose
transport in skeletal muscle.30 In addition, the improved
insulin sensitivity in the study may also be partly contributed
by the increased expression of AdipoR1. Binding of
adiponectin to its receptors mediates the activation of AMPK,
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which is important for sensitising peripheral tissues to
insulin, consequently leading to increased glucose uptake in
muscle cells as well as fatty acid oxidation.10 Moreover,
suppression of AdipoR1 has been associated with decreased
PGC-1α expression,31 suggesting a possible linked pathway
leading to insulin resistance.24 Interestingly, we also noted a
marked reduction in PGC-1α expression in the control group
following 12 weeks, and this reduction was accompanied by
a marked decrease in insulin sensitivity, as much as twice as
low than the HIIT group. Decreased PGC-1α activity may
contribute to insulin resistance by decreasing glucose
transport and impairing mitochondrial oxidative
metabolism,30 causing the accumulation of incompletely
oxidised fatty acid intermediates that are then thought to
trigger insulin resistance in skeletal muscle.32 Building on
these observations, data from the current study suggest a
potential link between insulin sensitivity and the regulation
of PGC-1α and AdipoR1, though the directionality of the link
remains unclear. In either case, the changes in gene
expressions coupled with increased insulin sensitivity
indicate that the study subjects had effectively lowered their
metabolic risk in response to the HIIT intervention.

Anthropometric measures are highly valuable and reliable
clinical measures, and they strongly correlate with an
individual’s metabolic profile. Improvements in insulin
sensitivity have been associated with a reduction in body
weight.33 In agreement with previous findings,3 our 12-week
HIIT intervention led to an average reduction of 1.8kg and
2.2cm in body weight and waist circumference respectively, a
modest but nevertheless significant reductions. Fisher et al.,34

recently demonstrated that six weeks of HIIT led to a similar
reduction in body weight compared to aerobic training in
obese males, despite requiring only one hour of activity per
week compared to five hours per week in the aerobic group.
It is also worth to mention that some studies have established
that HIIT can lower blood glucose and insulin resistance
independently of alterations in adiposity or body mass in
individuals with insulin resistance and type 2 diabetes.35 This
is further supported by Jelleyman et al.27 in their meta-
analysis stating that changes in body weight did not predict
changes in insulin resistance or glucose regulation. In
support of this, it has been highlighted that abdominal
adiposity seems to play a greater role in the association of
obesity with insulin resistance than the overall body or fat
mass.36 Thus, it is very likely that the reduction in waist
circumference, a surrogate measure of abdominal adiposity,
is partly responsible for the observed improvement in insulin
sensitivity in our exercised subjects. Our findings further
strengthen the evidence that HIIT can be used as modality for
exercise-induced improvements in cardiometabolic profile
regardless of significant weight loss in the overweight/obese.

One important aspect that is unclear from the published
literature is the precise intensity and minimal volume of HIIT
that is needed to potentiate beneficial effects, in this case,
cardiometabolic health outcomes. Our protocol involved 35
minutes of high-intensity exercise (65-80% of maximum
heart rate) over a 60-min training session, which was longer
in duration than most published studies.2 It is very likely that
the favourable effects can still be achieved with shorter
duration of exercise, provided the intensity is similar or

higher. Such shorter time commitment is important from a
public health perspective, given that ‘lack of time’ remains
one of the most commonly cited barriers to regular exercise
participation.37 Whilst having a non-exercise control group is
a clear strength of this study, we acknowledge certain
limitations that may impact interpretation of the present
findings. A primary limitation of this study is the expressions
of both PGC-1α and AdipoR1 were not measured in skeletal
muscle, but in the peripheral blood. Therefore, we cannot
conclude that the changes observed were a direct result of
skeletal muscle adaptation. However, it is noteworthy that
PGC-1α and AdipoR1 gene expressions have been
consistently investigated in peripheral blood samples of
clinically-ill subjects. For example, elevations in PGC-1α
expression in peripheral blood could serve as a prognostic
marker for cardiac recovery following acute myocardial
infarction,38 whereas AdipoR1 expression in peripheral blood
has been shown to be downregulated in patients with
coronary artery disease compared to healthy controls.39

Furthermore, a significance concordance (80-90%) of gene
expression profiles between peripheral blood and different
tissues has been demonstrated, suggesting that peripheral
blood gene expression analysis could be a representative
measure for tissue changes,40 especially when invasive
sample collection is not made possible. Secondly, the
assessment of insulin sensitivity using HOMA-IR is limited by
the fact that it was based on a single fasting blood sample.
Lastly, it must be acknowledged that the present findings are
based on a somewhat heterogeneous sample of inactive adult
males and females. On the basis of our encouraging findings
for the efficacy of HIIT in improving markers of metabolic
health, future studies should include the quantification of
PGC-1α and AdipoR1 at organ levels (e.g. skeletal muscles,
liver, adipose tissue) if possible, upstream signalling
pathways as well as gold standard measurement of whole
body insulin sensitivity using hyperinsulinemic-euglycemic
clamp to address the metabolic changes to HIIT in a more
meaningful way. 

CONCLUSION
The results of the present investigation demonstrate that 12
weeks of HIIT induces gene expressions of PGC-1α and
AdipoR1 and improves insulin sensitivity among previously
physically-inactive, overweight/obese adults despite modest
weight loss. This suggests that manipulation of the
expression of these genes could be a potential surrogate for
exercise-mediated improvements of metabolic profile in
overweight/obese individuals. Taken as a whole, our HIIT
intervention shows significant and positive physiological
adaptations associated with cardiometabolic health in
overweight/obese individuals and may therefore reduce the
development and progression of disease-related risk factors
that are associated with overweight/obesity. The present
findings add new information to the current knowledge
regarding the efficacy of HIIT versus traditional aerobic
training on metabolic health in obese population. HIIT
therefore presents as an excellent alternative exercise
modality given the range of variables that can be
manipulated to make exercise more appealing and suitable
for a wide range of populations.
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