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Abstract

Background: It is estimated that 1 in 11 of the world’s adult population suffers from type 2 diabetes. Novel
exercise regimes such as high intensity interval training (HIIT) programme are gaining attention as an alternative
treatment for managing type 2 diabetes (DM2). This study assesses the effects of a 6-week HIIT programme on
DM2 risk markers.

Method: Eighteen participants aged 20-24 years were divided into test (n=9) and control (n=9) group. Each
session consisted of 3 x 1 minute maximal effort cycling sprint followed by a 2-minute resting period. Physiological
measurements were taken at pre HIIT (week 0) and after HIIT programme (week 6).

Results: After 6 weeks HIIT, mean test subjects’ systolic blood pressure significantly decreased by 4.4%
(p=0.004), diastolic blood pressure decreased by 7.2% (p=0.049) and body fat index decreased by 0.94% (p=0.033).
There were also improvements in the test subjects’ weight, VO,max and glucose AUC, although these were not
statistically significant. Genetic analysis revealed that an individual with +45T/G SNP had worsened glucose area
under the curve (AUC) following the HIIT programme.

Conclusion: 6 weeks of HIIT has the capacity to significantly improve blood pressure and body fat index, whilst
also improving other DM2 risk markers. Individuals with +45T/G SNP demonstrate worse glucose AUC after HIIT.
Patient selection using genetic information is therefore critical in order to correctly identify which patients will benefit

most from HIIT. HIIT could represent a feasible effective treatment for a life limiting disease.
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Introduction

For many years now, genetics has been linked with the onset and
development of obesity and DM2 [1]. More recently, single nucleotide
polymorphisms (SNP) have been identified and linked with conditions
such as obesity and DM2 [2,3]. Previous literature has demonstrated
that different single nucleotide polymorphisms (SNP) may contribute
to an increased risk of developing DM2. One SNP identified was
+45T/G polymorphism in the adiponectin (ADIPOQ) gene and how
this increases an individual’s risk of DM2 [3]. A meta-analysis was
performed using 45 publications with 9986 DM2 patients and 16,222
controls for analysis of ADIPOQ +45T/G SNP. Results displayed that
individuals with the +45T >G polymorphism were associated with
an overall significant increased risk of developing DM2 [3]. Current
guidelines suggest 150 minutes of moderate intensity aerobic exercise
per week or 75 minutes of hard intensity aerobic activity [4]. Despite the
large source of literature highlighting the fact that exercise has positive
health benefits, exercise is on the decrease. One of the reasons for this
trend is that the cost of a fitness club membership is too expensive. The
main reason for individuals however is due to a lack of time in the day
to exercise regularly [5]. To overcome this time issue, HIIT has been
developed as a novel low volume high intensity programme which
is an efficient way to potentially reduce the risk of DM2 and other
cardiometabolic diseases [6]. HIIT is much more physically demanding
than the 75 minutes of hard intensity aerobic exercise, therefore a
shorter amount of time is needed to complete this programme. HIIT
has been shown to produce greater physiological and biochemical
changes than conventional exercise [7], making it an ideal, feasible

programme to incorporate into people’s lives potentially playing a part
in the prevention, treatment and management of DM2 (Figure 1).
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Figure 1: Arrow chart displaying how physical activity could be used to prevent,
manage and treat DM2. Exercise may be able to improve conditions of insulin
resistance by enhancing insulin sensitivity and improving GLUT 4 translocation,
which would result in improved glucose uptake throughout the body. HIIT could
also slow progression of neuropathies and retinopathies by avoiding chronic
periods of hyperglycemia and at the same time decreasing blood pressure and
elevating circulating levels of HDL cholesterol.
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Aims and objectives

An alarming increase in the population of type 2 diabetics is putting
an enormous burden on health services worldwide, with current
management plans unfeasible. It is very important that we investigate
an alternative realistic plan which would cater for the mass population.
HIIT has the potential to become a cost-effective way of doing this.
Not only would HIIT save an enormous amount of revenue for health
services, but it may also improve the general health and wellbeing of
patients, ultimately leading to a decrease in the number of lifestyle-
related diseases. This study’s main aim is to assess whether HIIT could
stimulate a positive improvement in cardiorespiratory markers and
improve glucose area under curve in our exercise group cohort. Future
work to build on this study would be to assess how many HIIT sessions
are needed per year in order to maintain risk factors within normal
physiological range. Alongside this, it may be worth assessing how long
the effects of HIIT have on the body, and so by introducing a period
of “detraining”, investigate if a period of not performing HIIT would
reverse or even worsen any changes that the 6-week HIIT programme
potentially caused in the first place.

The study also investigates whether SNP in various genes would
predispose individuals to developing DM2 by possessing +45T/G SNP.
It will assess whether some individuals with SNP may benefit more
or less from HIIT training. This study could then be taken further by
assessing whether HIIT improves cardiorespiratory fitness markers
without the need for dietary supplementation or drug treatment.

Finally, our study needed to ensure that the working parameters
of the programme were safe. This was vital in our study as numerous
bodies criticise and condemn this type of activity commenting that
HIIT is unsuitable for the majority of the population due to the
high intensity of the exercise sessions. It is important to educate
individuals therefore by reiterating the fact that HIIT programmes
do not come in just a single training plan protocol. Obese diabetic
patients looking to improve their insulin sensitivity would not be able
to complete the same plan as a healthy athlete looking to complete a
HIIT programme in order to improve their VO,max. It is important
therefore to tailor the exercise programme to the individual and this
could be done by performing an exhaustive incremental cycling test.
This would introduce the concept of personalised medicine to DM2
management. If our study could prove that a 6-week HIIT programme
could cause weight loss and improve cardiorespiratory risk markers in
a safe manner, it would contribute to the growing body of literature
supporting HIIT as a novel method which helps to reduce the risk of
developing a lifestyle related disease such as obesity and DM2.

Materials and Method
Subjects

Eighteen healthy young male and female students were asked to
participate in our study. Nine subjects were allocated to the test group
which underwent 6 weeks of HIIT, and the remaining nine subjects were
allocated to the control group. The control group did not undertake the
HIIT and continued with their normal lifestyle. All subjects involved in
the HIIT successfully completed the programme. They were asked to
read a document explaining what the study involved prior to the start
of the study. Individuals were informed of the experimental protocol
prior to giving informed written consent (see appendix). Ethical
approval was given by the Cardiff University School of Bioscience
Committee (see appendix for documentation). Subjects were informed
that they could withdraw from the study at any time, without having

to provide a reason. The experimental procedures for the study was
carried out at week 0 and 6 for both the test and control group, but the
control group were not subjected to polymorphism analysis.

Physiological measurements

Weight and body fat index (BFI) were measured using a weighing
scale (Tanita 2001, US). Body mass index (BMI) was calculated by
dividing the subject weight (Kg) with the mean height (m)> BFI was
also calculated using skin calipers (Accu-measure, US) (measured at
four points: bicep, tricep, waist (suprailiac) and subscapular area). The
body fat index was then calculated using the sum of the four skinfold
measurements, along with the body density (calculated from standard
age and gender matched charts). The systolic and diastolic blood
pressure alongside resting heart rate were recorded using an automated
clinically validated blood pressure monitor (Boots Pharmaceuticals,
Nottingham, U.K). Four measurements were gathered for each blood
pressure reading and then the mean value used in analysis.

Oral Glucose Tolerance Test (OGTT)

Subjects were required to abstain from intense physical activity
the day prior to the OGTT and to have fasted overnight. Fasting blood
glucose levels were quantified using a glucometer (Benecheck plus),
and then a bolus of 75 g glucose powder 99% CHO, (Pure Series™
Dextrose, Colchester, UK) was ingested at time (t=0). Blood glucose
levels were continually measured every 30 minutes until 120 minutes
had passed. Blood sampling was gathered by skin puncture using a
single use safety lancet (Owen Mumford, UK). Results of the OGGT
allowed us to plot blood [glucose] vs. time, therefore enabling us to
measure area under glucose concentration-time-curve (AUC).

VO,max and Wmax test

Subjects performed an exhaustive incremental cycling test (Monark
Ergomedic E, Sweden) in order to calculate maximal oxygen uptake
capacity (VO,max) using a gas analyser system (AD instruments,
Oxford, UK). This was performed on a different day to the OGTT
and subjects were asked to abstain from exercise and intense physical
activity for 24 hours prior to the test. Subjects cycled for 5 minutes
initially as a warm up period at 30 watts whilst 60 revolutions per
minute (RPM) or above was to be maintained throughout the test.
Following 5 minutes, the wattage increased by 30 watts (W) every 2
minutes until the subject was exhausted and unable to continue. Wmax
was recorded as the wattage where the subject broke and was unable
to continue with the test due to exhaustion. Maximal aerobic power
(in watts) achieved before exhaustion (breaking wattage) was then
used as the initial starting wattage for the HIIT training. VO,max was
calculated as the highest value achieved which was sustained for ~30
seconds using LabChart.

HIIT programme

The HIIT programme consisted of 3 sessions per week with
no more than 2 rest days between each session and lasted a period
of 6 weeks. Each session entailed the same structure with subjects
having to perform 3 x 1-minute sprints set at a specific wattage (the
breaking wattage of VO,max test), with the pace kept at 120 RPM or
above. Subjects were asked to increase their working wattage by 10%
if they managed to complete 3 intervals maintaining >120 rpm on 2
consecutive sessions. On the contrary those unable to maintain the
120 rpm were required to decrease the wattage by 10%. By applying a
progressive increase in working wattage, this allowed us to personalise
HIIT protocol to the individual and help minimise the plateau effect,
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therefore not allowing participants to acclimatise to the working
conditions. Each session began with a 2-minute warm up period with
no added weight whilst cadence was maintained at ~60 RPM. This
was thought to be an important part of the protocol as studies have
shown that an adequate warm up result in improved intermittent stunt
performance and helps to reduce injuries sustained during intense
exercise [8,9]. Following warm up, 3 x 1-minute sprints were done.
After each minute of sprint, a 2-minute rest period was provided where
the subject remained on the bike but cycled at a low cadence (50-60
RPM) with no resistance. The total time spent on the exercise bike was
~12 minutes. The subjects were asked to utilise the 2-minute cool down
period correctly in order to help remove lactate acid build up from the
legs and to reduce delayed onset muscle soreness (DOMS) so that they
could perform optimally during the next session.

DNA isolation

During a different day to the OGTT and VO,max test, the test
subjects’ DNA was extracted and isolated in order to locate and
identify single nucleotide polymorphisms. DNA was gathered from the
subjects’ saliva using a QIAamp DNA Blood Mini Kit (Qiagen, Hilden,
Germany). Subjects were required not to eat at least 30 minutes before
collecting saliva and up to 5ml was collected in a 50ml Falcon Tube.
The QIAGEN supplementary protocol [10] was followed apart from
the last step where the DNA was eluted with 100ul of distilled water
rather than 150pl. The remaining DNA was stored at 4°c.

Gel electrophoresis

Gel electrophoresis was carried out throughout in order to visualise
the separate DNA mixtures. Agarose gels were used and once the gel
was lukewarm, 5ul of SYBR® Safe DNA Gel Stain (Life Technologies,
Invitrogen, Paisley, UK) was added and the gel was allowed to cool and
set in a mould. 10X diluted TBE (40ml TBE+360ml distilled water)
was used as a running buffer in a horizontal gel electrophoresis tank
(Jencon, Leicestershire, UK) connected to a MP-250N voltage box
(Major Science Power, California, USA). The DNA samples were run
next to either a Quickload 2 log DNA ladder (New England Biolabs,
Massachusetts, USA) or next to a 25-base pair DNA Ladder (Life
Technologies, Invitrogen, Paisley, UK) to determine the size of the
DNA fragments. Gels were visualised and photographed using an
ultraviolet transilluminator.

PCR protocol

The polymerase chain reaction-restriction length polymorphism
method was used to determine the distribution and genotype
frequencies of the SNP45 T/G polymorphism in exon 2 of the
adiponectin gene. The DNA fragments containing the SNP45 was
amplified from genomic DNA using the forward primers 5’-GCA GCT
CCT AGA AGT AGA CTC TGC TG-3’ and the reverse primer 5GCA
GGT CTG TGA TGA AAG AGG CC-3’suchasin Lietal. [11] and Tu
et al. [12]. Primers were ordered from Invitrogen (Life Technologies,
Paisley, UK) and were made up to 100umol primer stock solution by
adding the recommended amount of distilled water to the primers
according to the instructions on the certificate of analysis received from
Invitrogen (see appendix for certificate). Polymerase chain reaction was
carried out on samples of genomic DNA from exercise group using a
thermal cycler (Techne, Staffordshire, UK) with conditions taken from
the study by Li et al. [11] study. Conditions for the primers consisted
of 35 cycles of; denaturation at 94°c for 30 s followed by annealing at
60°c for 30 s and then extension at 72°c for 30 s. The PCR products were
then kept in incubation at 25°c by applying a final hold of 25°c on the

thermal cycler. 5ul of each PCR product from each subject was run on
a 2% agarose gel at 120V for 60 minutes and then 100v for 20 minutes
alongside a Quick-Load 2 Log DNA Ladder (New England Biolabs,
Massachusetts, USA) to assess fragments size.

Restriction digest

After PCR was completed, 10yl of the product was mixed with 2 pl
of Smal (New England Biolabs, Hertfordshire, UK) 5 ul of buffer and
33 ul of distilled water. This was then incubated in the thermal cycler
at 25°c for 12 hours.

Statistics

Statistical analysis was performed using Excel and R statistical
software. All parameters were compared between baseline (week 0) and
post HIIT (week 6) by using the paired t-test. The data was checked
for normality by using the Shapiro-Wilk normality test. The data was
deemed normal if the p value exceeded 0.05. All measurements were
assessed to see whether there was a significant difference between pre-
HIIT and post-HIIT by using the 2 tailed t-test. Area under glucose
curve was calculated using the standard trapezoid rule on Excel.

Results

Mean physiological and biochemical measurements at baseline
week 0 (pre-HIIT) and week 6 (post-HIIT) are recorded in Table 1.
Statistical analysis revealed that there was no significant difference
between initial measurements (t=0) of the test and control group.
Although controls did not participate in the HIIT programme during
the 6-week period, the nomenclature “pre-HIIT” will be used to refer
to both test and control subjects’ measurements prior to the beginning
of the HIIT protocol. On the contrary, “post-HIIT” will be used to
test and control subjects’ physiological measurements recorded after
the 6-week HIIT period. We can see from Table 1. that there was a
tendency for some of the measurements to change. During the data
collection, many of the control failed to provide data for pre and post
HIIT therefore it was decided to exclude 3 as there was only one part of
data rather than two, giving us a sample of 6 for the control VO, max.
It is important to note test subjects were allocated a number with the
letter A, whilst controls were categorised as a number and a B letter.
Early on in the HIIT, test subject 48A suffered a tibial fracture and as
a result was not able to complete the HIIT programme. 48A therefore
moved to the control group and did not partake in the exercise, only
the physiological testing at 0 and 6 weeks. The mean weight of the test
group decreased by 0.27 kg following the HIIT programme (p=0.349)
whilst the control group’s weight also decreased but only by 0.12 kg
(p=0.849). The mean BMI also decreased in the test subjects by 0.08
Kg/m? (p=0.4387) whilst there was no change in the control group with
the BMI staying the same at 24.14 Kg/m? (p=1). A decrease of 1.07%
was seen in the test subject’s body fat index (BFI) using the callipers
with p value of 0.314, whilst an increase of 0.2% was seen in the
control subjects (p=0.9054). A statistically significant result was seen
however when the BFI was calculated using the electronic scales. The
test subjects BFI decrease by 0.94% (p=0.03312). On the contrary, this
significant change was not seen in the control group which showed an
actual increase of 1.8% (p=0.368).

VO,max response to HIIT can differ extensively

Statistical analysis of the test group VO,max following HIIT
revealed no significant change. After the HIIT programme, the test
subjects’ VO, max decreased by 0.35 ml/min/kg (p=0.849) from baseline
to week 6 compared to the control group which actually increased by
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4.62 ml/min/kg although this was not statistically significant (p=0.490).
When only looking at the positive responders in the test group (subject
40A, 49A, 50A, 51A and 52A) the mean increase in VO, max was 3.72
ml/min/kg + 0.72. (p=0.711). It is interesting to see that the VO, max
post HIIT decreased by 16.16% in subject 44A (Figure 2).

Tolerance to a bolus of glucose is highly variable

From looking at the test group in Figure 3, we can see a decrease
in the glucose AUC in 6/9 (66.7%) of the test subjects. The remaining
3 test subjects (40A, 44A, and 49A) AUC increased 1.52%, 4.29% and
10.61% respectively. The largest improvement in glucose AUC was
test subject 50A with a 16.7% decrease from 972.75 to 810.3 arbitrary
units. The positive responders (41A, 46A, 47A, 50A, 51A, 52A) had a
mean decrease of 51.11 arbitrary units + 23.43 (p=0.233). Subject 49A
exhibited a 10.61% increase in glucose AUC from 805.5 to 891 arbitrary
units (Figure 3).

HIIT can influence blood pressure significantly

There was a significant decrease in the mean test subjects’ systolic
blood pressure of 5.32 (p=0.004579). The mean systolic blood
pressure within the control group also decreased by 3.81 but this was
not statistically significant (p=0.178). 8/9 (89%) of the test subjects
responded positively resulting in improvement in systolic pressure,
with only test subject 46A increasing 0.6% from 120.25 mmHg to 121
mmHg. Following the HIIT programme, there was a mean decrease
of 5.6 mmHg (p=0.049) in the test subjects’ mean diastolic blood
pressure, compared to a decrease of 5 mmHg (p=0.151) in the control.
It is interesting to see the variety of different changes occurring, with
subject 44A’s diastolic blood pressure decreasing by 23.1%, whilst
subject 47A’s diastolic blood pressure increased by 8.9%. The control
subjects’ diastolic blood pressure also changed variably with some
individual improving significantly (42B, 43B, 44B, 54B and X) whilst
other control subjects” diastolic blood pressure worsened (48B and
59B) (Figures 4 and 5).

Detection of Adiponectin 45T/G SNP

Polymerase  chain  reaction-restriction fragment length
polymorphism method was utilised to identify adiponectin 45T/G
SNP. Figures 6 and 7 illustrates the genomic DNA of each test subject.
Control subject 48 A was included also due to 48A originally being a test
subject but who had had to withdraw from the test. It is evidently clear
that extraction of genomic DNA from each test subject was successful
and that the restriction enzymes could now be applied to investigate the
distribution of allele and genotype frequencies of 45T/G SNP in exon 2
of the Adiponectin gene. Restriction enzyme digest of the test subjects’
DNA using Smal revealed that subject 49A was a heterozygous T/G
individual with the SNP producing fragments of 372, 209 and 163
base pairs. The remaining test subjects were all deemed wild type T/T
without the SNP, producing 1 fragment at 372 base pairs.

Table 2 displays the individual changes which occurred in each
test subject following the 6-week HIIT programme. We can see that
the majority of the changes post HIIT are beneficial and that there
are fewer worse results compared to improvements. It clearly shows
the heterogenous response to personalised HIIT with some subjects
responding very well improving each cardiovascular risk marker
(subject 52A) whilst others do not do so well only improving half of the
parameters (subject 49A). From looking at subject 49A who displayed
the +45T/G SNP, we can conclude that HIIT improved blood pressure,
BFI1% (scales) and VO,max, whilst increasing the glucose AUC 10.61%
and increasing the subject’s weight by 0.3 kg.
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Figure 2: Column charts displaying the VO, max results of the test and control
subjects pre- HIIT and post-HIIT. These charts illustrate the varied response
to the programme with some individuals improving dramatically (45B), whilst
some individuals remain with the same VO, max (51A) post HIIT, and others
VO, max decreased following HIIT (44A).

Discussion
Findings

The main findings of this study are that individuals who took part
in a 6-week HIIT protocol induced greater positive changes in systolic
blood pressure, diastolic blood pressure and body fat index compared
to control group. These changes were statistically significant and
therefore strengthen the potential for HIIT to be utilised in a clinical
setting. This was complemented also by a variety of improvements in
other parameters including VO,max and glucose AUC, although not
significant. From contextualising the data with previous literature
on HIIT, this will assist in the critical evaluation of the results and
strengthen the argument for utilising HIIT in clinical practice. We can
see in Table 3 various HIIT studies which we can evaluate alongside
our study design.

From comparing our results and findings with pre-existing
literature which evaluates HIIT, we can hypothesise that in order to
induce greater positive physiological and biochemical changes within
individuals, such risk markers need to reside outside normal working
ranges initially before starting HIIT. Numerous studies have analysed
HIIT for its beneficial use as a low-cost treatment option. Babraj et al.
[13] conducted a study on sixteen young healthy men in order to assess
whether HIIT would have beneficial results in healthy individuals.
From as little as 2 weeks, HIIT induced significant changes in glucose
AUC, insulin sensitivity and NEFA concentration-time curve (12%,
37%, 26% respectively, all p <0.001). This supports the argument that
if HIIT can cause significant positive changes in individuals who are
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majority of test subjects (66.7%) glucose AUC improved. The mean AUC of the
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Figure 5: Effects of HIIT ondiastolic blood pressure in testand control subjects.
Resultsfromboth sets of dataseemto have a much more varied nature compared
with other parameters with largeincreases in47A, and 48A, and large decreases
in subjects 44A, 50A, 43B and 54B.
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Figure 6: Gel electrophoresis of genomic DNA of test subject and control
subject 48A. From left to right; Lane 1- Log2 ladder, Lane 2- 40A, Lane 3- 41A,
Lane 4-44A, Lane 5-46A, Lane 6- 47A, Lane 7- 48A, Lane 8-49A, Lane 9- 50A,
Lane 10- 51A, Lane 11-52A, Lane 12- empty , Lane 13- 25 bp ladder, Lane
14- Log2 ladder. Lane 7 (subject 48A) is a control and was included in the
restriction enzyme digest.

already healthy in as little as 2 weeks, then the area for improvements
in individuals whose risk markers lie outside normal range could
improve dramatically. Another study conducted by Whyte et al. [14]
displayed that 2 weeks of HIIT training in 10 overweight/obese males
resulted in significant improvements in systolic and diastolic blood
pressure, whilst also decreasing glucose AUC although there was no
change in Insulin sensitivity. Many of our findings are consistent with
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Figure 7: Ultravioletimage ofrrestrictionenzyme digestofalltestsubjects. Fromleft toright, Lane 1-Log2ladder, Lane2-40A, Lane 3-41A,
Lane4-44A,Lane5-46A,Lane 6-47A, Lane 7- empty, Lane 8- Log2 ladder, Lane 9-empty, Lane 10- empty, Lane 11- 48A, Lane 12-49A,
Lane 13-50A, Lane 14-51A, Lane 15-52A. 48Aisillustrated in this image butitisimportant to note that this is a control subjectand 48Adid
not take part in HIIT. Test subject 49A appears to be Heterozygous TG producing fragments at 372, 209 and 163 base pairs (bp). All other
subjects are wild type TT producing 1 fragment at 372 bp.
Physiological Measurements Control Week 0 (9)  Control Week 6 (9) P value Subject Week 0 (9) Subject Week 6 (9) P value
Weight (kg) 75.04 +5.46 74.92 +5.64 0.8499 68.88 + 6.92 68.61 + 6.91 0.3491
BMI (kg/m2) 24.14 £0.82 2414 £0.77 1 24.11+£1.76 24.03 £ 1.76 0.4387
Systolic blood pressure (mmHg) 123.67 £ 3.70 119.86 £ 3.70 0.1789 120.26 £ 2.90 114.94 £+ 3.05 0.004579
Diastolic blood pressure (mmHg) 74.31+2.91 69.31 +2.31 0.1519 77.49 +2.63 71.89 +3.18 0.04909
Pulse pressure (mmHg) 49.36 + 3.22 50.56 + 3.73 0.8223 45.22 + 2.66 43.06 £ 1.70 0.9174
% BFI (calipers) 18.67 £ 2.80 18.87 £ 2.68 0.9054 19.89 + 2.04 18.82+2.10 0.314
% BFI (scales) 20.98 +2.70 22,78 +2.75 0.3688 2472 +3.53 23.78 £ 3.36 0.03312
Waist cir (cm) 77.66 + 3.06 77.11+3.10 0.2755 76.16 +4.28 76.50 + 3.78 0.8296
Hip cir (cm) 90.64 + 3.00 92.11+3.35 0.3512 92.5+4.36 91.94+4.28 0.4198
VO2 max (ml/min/kg) 53.85+ 6.34 (6) 58.47 + 9.37 (6) 0.4903 47.48 +4.81 48.83 +3.93 0.8495
Glucose AUC 878.45 + 43.51 823.93 + 36.52 0.3416 822.425 + 24.46 802.68 + 19.46 0.4097
Table 1: Mean physiological measurements of the test and control subjects at week 0 and 6. The sample size is 9 for both test and control unless otherwise stated in brackets.
Test Subjects Weight (kg) pi);sst::;c(z:;o:g) p?;:::‘:le'c(:;;c;) % BFI (scales) % BFI (calipers) BMI VOmelakxg ;mll Glucose AUC
40A -0.35 0.25 0.75 0 0 -0.15 -2.8 -12
41A -0.7 3.125 9.375 0 2.35 -0.05 3.6 39.75
44A 0.1 9.5 16.5 2.5 5.45 0.05 7.9 -31.5
46A 0.5 -0.72 0.625 2 -0.2 0.15 2.3 54.75
47A 1 9.375 -7.125 2 0.85 0.2 1.6 12.6
49A -0.3 8.25 2.875 1.5 -4.4 -0.1 -1.6 -85.5
50A -0.1 3.375 13.625 0 -0.45 0 -11.8 162.45
51A 0.3 9.8 6 -0.5 5.05 -0.15 -0.1 5.7
52A 2 4.875 7.75 1 1 0.7 -2.3 31.425

Table 2: Table to show changes occurring post HIIT in test subjects. Physiological measurements were calculated by gathering the value at week 0 and subtracting the
value at week 6 from it. If the resulting number was negative, then this would mean that there is an increase since the initial value pre HIIT. Positive numbers indicated a
beneficial change in the parameter apart from VO2 max, where a positive number actually indicated a decrease in VO2 max. For ease of use, numbers highlighted in yellow
represent a beneficial improvement in the parameter, whilst numbers in red actually represent a worse results post HIIT.

the growing body of literature that HIIT can improve cardiorespiratory
fitness markers associated with obesity and DM2. These studies in
Table 3 alongside our study, therefore, support HIIT as a potential cost
effective, primary intervention that may delay and potentially prevent
health burdens associated with lifestyle related diseases.

VOzmax

Following the HIIT programme, our test group saw an average
increase of 2.8% in VO,max and from contextualising these results with
other studies, this would be in agreement with pre-existing literature
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Physiological and biochemical changes
post HIIT
1in VO2 peak (17%)
| in systolic bp (p= 0.037)
1 in Heart Rate by 4.3 beats per minute

1 in VO2 max (24.6%)

1 in 2-hour OGTT (-33.7 + 47.9 mg/dL or
-12.5%)

| in body fat (-4.3 + 5.6 Kg)

1 in VO2 max (4.7 = 3.4 ml/min/kg

1 in Wmax (26 + 15 W)

- No overall improvement in glucose AUC

Author and publish date Sample size Working conditions

17 participants (all heart
transplant recipients (mean
age= 52 years; 75% male)

12 weeks- 2 x 4 min; 2 x 2 min; 4 x 1 min; All >80% of VO2

Dall CH et al. [16] peak; 2 min recovery between each set

18 participants which are
overweight or obesity and
glucose intolerance

12 weeks- 10 x 60s with 2 min rest in between sets speed

Manilla et al. [30] maintained at 30-40 km/h

6 weeks-10x60s at 90% maximal Heart rate 1 min rest

Kuehnbaum [31] between sets at 50W

11 female participants

7 weeks | in systolic bp from 119 to 114

Bouchard et al. [15]

89 participants (64M 25F)
Mean age- 16.7 years

-4x30s with 30s rest (3x week for 2 weeks)
- 5x30s with 30s rest (3x week for 2 weeks)
- 6x30s with 30s rest (3x a week for 2 weeks)

- Cardio respiratory function improved from
79 to 84

- 6x30s with 20s recover (3x a week for 1 week) Running

Maximal effort
12 weeks
34 females (11 in HIIT
group) mean age 15.9 years
Obese

Racil et al. 2013 [17] weeks

7 participants (4M 3F) 45

Hood et al. [26] years sedentary, healthy

weeks

10 males, untrained, mean

Whyte etal. [14] age- 32 overweight/obese

effort 2 weeks

16 males 21 years healthy

Babraj etal. [13] recreationally active

twice; Max effort

32 participants
- Metabolic syndrome
patients
- 52.3 years

Tjonna et al. [23]

-6x30s with 30s rest (100% maximal effort/50%) for 4

-8 x 30s with 30 s rest (105% effort) for 4 weeks
- 8x30s with 30s rest (110% effort) for 4 weeks

10x60s with 60 s recovery; 60% of peak power 3x week, 2

4x30s x 2 session; 5x30s x 2 session; 6x30x 2 session; max

2 weeks; 4x 30s cycle twice; 5x30s cycle twice; 6x30s cycle

16 weeks- 4x 240s (90% maximal effort) with
180s rest (70% effort) - 3x week

- No change in diastolic bp, HDL, LDL, total
cholesterol and triglycerides

-Weight 83.5 | 80.3 cm

- Waist cir 93.7 | 90.3 cm

- Body fat % 37.2 | 34.3

-VO2 max 36.9 1 39.7 ml/min/kg

1 260% Glut 4 transporter
| fasting insulin
- TInsulin sensitivity of 35% by the insulin
sensitivity index
Glucose AUC 15.6 | 14.9 (not significant)
-VO2 max 32.8 1 35.9 ml/min/kg
- systolic 127 |121 mmHg
- diastolic 80 | 71 mmHg
-Fat oxidation 0.11 1 0.13 g/min
-No change in Insulin sensitivity

Glucose AUC 664 | 585 Insulin sensitivity 80 1
98 (Cederholm index)
- Plasma Non-Esterified Fatty Acid (NEFA)
AUC decreased 31584 | 23370
- Work done in 250 kJ time trial increased
by 6%
Insulin sensitivity 62.2 1 72.2
- Adiponectin 7.8 19.4
- Weight 91.8 | 89.5
- Systolic bp 144 | 135 mmHg
- Diastolic bp 95 | 89 mmHg
-VO2 max 33.6 1 45.3 ml/min/kg

Table 3: Numerous HIIT studies with working conditions and findings summarised.

that HIIT could serve as a low-cost treatment option for individuals
who are at risk of developing a lifestyle related disease.

When comparing the findings of our study with recent literature
on HIIT, it is important to consider the length and intensity of the
HIIT protocol alongside the type of subjects gathered to complete the
training programme. Our study consisted of 9 working minutes per
week. Although our results showed that 6 weeks of HIIT induced a
positive change in VO,, other studies have demonstrated that as little as
2 weeks is enough to induce these changes. Whyte et al. [14] displayed
that 2 working weeks was enough to cause significant improvements in
VO, max (32.8 ml/min/kg - >35.9 ml/min/kg p=0.015) whilst Tremblay
et al. [15] conducted a 15 week study to assess whether HIIT caused
beneficial changes in healthy individuals who were not obese, and
results from this study demonstrated that HIIT induced greater losses
in subcutaneous fat than endurance training.

Another factor which is important to consider when evaluating
the results is the varying levels of intensity related to HIIT. Our study
calculated the working wattage for each individual by an exhaustive
incremental cycling test and using the breaking wattage as the working
wattage for the subject. Our study proved that HIIT is a safe method of
physical activity since no injuries were reported. The rigorous nature

of HIIT meant that our study involved 1-minute repetitions of full
out maximal effort, whilst other studies such as Tremblay et al. [15],
consisted of short sharp 15 second bursts, working up towards 30
seconds in the latter stages of the protocol. Dall et al. [16] adopted a
longer working set involving 4-minute repetitions at working efforts
greater than 80% of VO, peak. Our study involved healthy young
individuals who were within normal parameters for most of the
physiological measurements. It is interesting to see that when we look
at individual results, a variety of different outcomes post HIIT occur.
Subject 50A was the heaviest test subject but was the individual whose
VO, improved the most from 20.1 to 31.9 ml/min/kg. This shows that
individuals who are already fit and healthy may find it harder to improve
their VO,max whilst someone who is not so athletic and perhaps
overweight may be prone to greater physiological improvements. Racil
et al. [17] investigated the effects of a 12-week HIIT programme on
young obese females. Results displayed an average significant increase
of 7.6% in VO,max whilst our study only displayed an average of 2.8%.
However, from looking at subject 50A, perhaps the individual most at
risk of developing a lifestyle related disease, their VO,max increased
58.7% thereby strengthening the argument that individuals who are
at an increased risk of developing a lifestyle related disease will have
greater positive changes from HIIT. As VO,max improved in both
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test and control group, it is difficult to suggest that HIIT was solely
responsible for the improvement in physiological fitness since the
control group did not undertake HIIT.

Currently, although the exact mechanism is unknown, low
VO,max levels seems to correlate with reduced insulin sensitivity, and
as a result can be used as a predictive marker to identify individuals at
risk of developing DM2 [18]. If we can therefore improve VO,max in
individuals who are beginning to develop insulin resistance, not only
would this be of clinical relevance from an improved insulin sensitivity
point of view but also decrease the risk of developing coronary heart
disease in later life [19]. A large study conducted by Aspenes et al. [20]
revealed that women with a VO,max <35.1 ml/min/kg were five times
higher to have a cluster of cardiovascular risk factors compared to
those who had VO, max levels higher than these parameters.

Systolic and diastolic blood pressure

Current guidelines defined by the European Society of Hypertension
define optimal systolic blood pressure as <120 and normal as between
120-129 mmHg, whilst optimal diastolic is <80 and normal between 80-
84mmHg [21]. Numerous studies have reported that HIIT is effective
in reducing systolic and diastolic blood pressure [22]. Our study also
supports this hypothesis and results show that test subjects mean
systolic and diastolic blood pressure pre HIIT was 120.26 mmHg and
77.49 mmHg respectively. Measurements were repeated post HIIT and
systolic blood pressures had decreased by 5.32 mmHg whilst diastolic
was reduced was also reduced by 5.6 mmHg. It was initially thought
that it would be very difficult to induce significant positive changes
in blood pressure when the current blood pressures were already in
healthy normal parameters. The findings from our study proved that
6-week HIIT programme yielded statistically significant improvements
in blood pressure of young healthy individuals. One could craft an
argument therefore over the clinical benefits of HIIT as a potential
low-cost therapy for individuals who are DM2 or obese and at risk of
developing secondary macrovascular complications. Current research
yields varied results as to the benefits that are achievable from HIIT,
with some studies unable to show an improvement in blood pressure.

Whyte et al. [14] conducted a short 2-week HIIT study in
overweight and obese men, and results showed a 4.7% reduction
in systolic blood pressure after 24 hours post training- but this
beneficial change was not sustained at 72 hours post exercise. The
authors suggested the positive changes failed to last post HIIT due
to a reduction in sympathetic nervous activity and enhanced nitric
oxide-mediated vasodilation. This was in agreement with Tjenna et al.
[23], who proved that 16 weeks of HIIT resulted in a 6.25% and 6.32%
decrease in systolic and diastolic blood pressure respectively. Contrary
to this, Gormley et al. [24] investigated a 6-week HIIT programme and
results showed no significant decline in systolic and diastolic blood
pressure when subjects exercised at 50%VO,R (difference between
resting and maximal VO,), 75% VO,R and 95% VO,R. From analysing
their findings, they concluded that there was no significant changes in
blood pressure. This may be due to the fact that subjects already had
very low blood pressures pre HIIT (108/65 mmHg) and would be
difficult to improve blood pressure readings further.

Glucose and insulin sensitivity

Results from our study displayed that between week 0 and 6, there
was a mean decrease of 19.745 arbitary units in the test group compared
to a mean decrease of 54.52 in the control group. Although the change
was not statistically significant, it does agree with the pre-existing
literature on how HIIT improves glucose control and was consistent

with the work of Babraj et. al [15] which showed that 2 weeks of HIIT
caused a 12%, 37% and 26% decrease in the glucose AUC, insulin
and non-esterified fatty acid (NEFA) concentration respectively. A
reduction in NEFA is clinically important as NEFA regulates insulin
sensitivity throughout the body (Ndlovu 2013).

Reduced plasma NEFA levels has been shown to positively regulate
insulin sensitivity during an oral glucose tolerance test (OGTT) [25].
As there was a large decrease in glucose AUC in the control group,
it is difficult for us to say that HIIT was solely responsible for the
improvement as the control group did not participate in the HIIT
programme. Hood et al. [26] reported a 260% increase in GLUT 4
transporter expression following a 2-week HIIT programme, and
subsequently a 35% increase in insulin sensitivity at 72 hours post HIIT.
This study shows the potency of a short HIIT programme and its ability
to improve the uptake of glucose, thus preventing the development of
DM2. Future research may be worth assessing whether HIIT increases
the expression of GLUT4 transporters. All this evidence therefore
displays the efficacy of HIIT as an effective strategy to promote good
health.

Body fat index

Obesity has long been known to be a major risk factor in the
development of prediabetes and DM2 [27]. This study demonstrated
that a 6-week HIIT programme caused a significant decrease in test
subject body fat index by 3.8%. This result correlates with Racil et al.
[17] who demonstrated that a 12-week HIIT programme caused a 7.8%
reduction in body fat index. Although our study supports the concept
of HIIT as a beneficial intervention to decrease BFI, it is important to
note however that the measurement of BFI on the calipers did not yield
a significant change.

Although the caliper measurement yielded an average 5.4%
decrease in BF], this failed to give a significant result and it is important
to consider the strengths and limitations of each measurement. The
fat calipers provide a realistic measurement of subcutaneous fat and
minimal technical skill is needed in order to master this method.
Disadvantages however include the human technical source of error
[28]. It was agreed that a selected individual would carry out all BFI
measurements in order to decrease the human technical error but due to
time constraints, it was not possible and therefore every test subject had
a different person performing the procedure This would decrease the
reliability of the procedure due to some individuals being much stricter
with their location of the measurement site, whilst other individuals
may be more lenient and collect a smaller reading in order to please their
fellow test subjects. Another limitation of using fat calipers is that the
equation used to calculate body fat percentages from skinfold thickness
measurements was derived from data of healthy individuals. Any result
from our study which lay outside normal parameters will therefore
give poor precision and accuracy. When calculating an individual
BFI, any error will be magnified by the use of prediction equations not
derived from a comparable (obese/overweight) population. The use of
a bioelectrical impedance analysis scale to measure BFI in our study
provided an alternative method which may be more relevant in this
type of research. As this programme investigated whether any changes
would occur as a result of HIIT, although the scales may not be as
accurate as calipers, they would provide more consistency throughout
the study.

Adiponectin 45T/G SNP

From genomic analysis of the test subjects, subject 49A was a
heterozygous T/G individual with 3 fragments cleaved as a result.
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From looking at the individual changes in Table 2. we can see that
49A’s glucose AUC increased by 10.61% and this is in agreement with
pre-existing literature. A meta-analysis conducted by Li et al. [29]
revealed that individuals with SNP+45G allele displayed an increased
risk of developing DM2. This would agree with our findings since test
subject 49A glucose AUC has got worse following HIIT indicating a
worsened glucose/insulin sensitivity and the subject had also gained
0.3 Kg (0.5% increase). Li et al. [11] commented that individuals with
the +45 SNP were associated with obesity and insulin resistance. From
contextualising this theory with our data, it would be in agreement
that individual 49A who possesses the SNP is at an increased risk of
developingDM2 and that this polymorphism is associated with lower
plasma adiponectin compared to individuals with the T allele. Li et. al
[11] argues that 45T/GSNP affects insulin resistance by possible altering
the stability of mRNA, modifying circulating levels of adiponectin and
eventually decreasing plasma adiponectin concentration. It may be
beneficial to investigate whether if an individual has 45T/G SNP, how
would this affect adiponectin levels and whether HIIT would cause any
changes in levels of Adiponectin and TNF-a.

Conclusion and Future Research

The main research aim of this study was to assess the effects of a
6-week HIIT programme on physiological and biochemical markers
associated with DM2. Our findings found tendencies for body fat
index, systolic and diastolic blood pressure to significantly change
after 6 weeks of HIIT. Although these were not significant, there was
also a tendency for weight, BMI, glucose AUC and VO,max to also
improve, demonstrating the heterogenous responses individuals
can have as a result of HIIT. This study therefore highlights that 54
minutes of intense physical activity over a 6-week period has the ability
to significantly improve risk markers associated with DM2. This is
important since obesity and the development of DM2 have become a
worldwide epidemic, and One of the solutions to prevent this is a loss
of fat mass. Not only would this improve risk markers, enhance quality
of life and decrease the amount of mortalities associated with DM2, but
would also have enormous economic benefits to health care systems
worldwide. As this was a pilot study, it was decided to recruit a small
number of individuals initially, as the aim of this was to primarily test
safety and feasibility. Upon showing this, we would like to continue
the study and expand to increase sample size. Another factor which we
would like to build upon was dietary monitoring. We asked patients to
keep a nutritional diary and to maintain their current eating regimes
whilst part of the study and for the follow up. As the patients were all
healthy young individuals, we found it difficult to monitor physical
activity levels outside of the programme. To account for this during the
next study, we would ask all participants to complete an International
Physical Activity Questionnaire to document daily activity levels. A
growing body of literature supports the concept of a novel low-volume
HIIT programme as an effective low-cost treatment plan for inducing
central (cardiovascular) and peripheral (skeletal muscle) adaptations
which are linked to improving an individual’s physical health. Our
study involved healthy young individuals who were not at risk of
developing a lifestyle related disease such as DM2, but there is minimal
literature on the effects of HIIT in individuals who are diabetics or who
are pre-diabetic, thus the effects of HIIT on these types of individuals
are not truly understood. Future studies, therefore, should investigate
long term (months-years) HIIT interventions in a range of clinical
cohorts such as individuals with insulin resistance, obesity and DM2.
Further research into HIIT would be to identify the genes which may
pre dispose individuals to respond better to HIIT than conventional
exercise, and screen genetic makeups in order to determine which

individuals would benefit from HIIT and which would require medical
intervention and screen genetic makeups in order to determine which
individuals would benefit from HIIT and which would require medical
intervention. Extensive further research is therefore needed for the
vision of HIIT as a form of personalised medicine to become a reality
in everyday life.

References

1. Freeman H, Cox RD (2006) Type-2 diabetes: a cocktail of genetic discovery.
Hum Mol Genet 15: 202-209.

2. Wu J, Liu Z, Meng K, Zhang L (2014) Association of Adiponectin Gene
(ADIPOQ) rs2241766 Polymorphism with Obesity in Adults: A Meta-Analysis.
PLoS One 9: 95270.

3. FanY,WangK, Xu S, Chen G, Di H, et al. (2015) Association between ADIPOQ
+45T>G Polymorphism and Type 2 Diabetes: A Systematic Review and Meta-
Analysis. Int J Mol Sci 16: 704-723.

4. NHS (2013) Physical Activity Guidelines for Adults. Available at: www.nhs.uk/
live-well/exercise/

5. Anshel MH (2007) Conceptualizing Applied Exercise Psychology. Journal of
the American Board of Sport Psychology 1:1-44.

6. Kessler HS, Sisson SB, Short KR (2012) The potential for high-intensity interval
training to reduce cardiometabolic disease risk. Sports Med 42: 489-509.

7. Burgomaster KA, Heigenhauser GJ, Gibala MJ (2006) Effect of short-term
sprint interval training on human skeletal muscle carbohydrate metabolism during
exercise and time-trial performance. J Appl Physiol (1985) 100: 2041-2047.

8. Soligard T, Myklebust G, Steffen K, Holme |, Silvers H, et al. (2008)
Comprehensive warm-up programme to prevent injuries in young female
footballers: cluster randomised controlled trial. BMJ 337: a2469.

9. Yaicharoen P, Wallman K, Morton A, Bishopb D (2012) The effect of warm-up
on intermittent sprint performance and selected thermoregulatory parameters.
J Sci Med Sport 15: 451-456.

10. Qiagen (2010) Isolation of genomic DNA from saliva and mouthwash using the
QlAamp® DNA Blood Mini Kit; spin procedure.

11. LiLL, Kang XL, Ran XJ, Wang Y, Wang CH, et al. (2007). Associations between
45T/G polymorphism of the adiponectin gene and plasma adiponectin levels
with type 2 diabetes. Clin Exp Pharmacol Physiol 34: 1287-1290.

12.TuY, Yu Q, Fan G, Yang P, Lai Q, et al. (2014) Assessment of type 2 diabetes
risk conferred by SNPs rs2241766 and rs1501299 in the ADIPOQ gene, a
case/control study combined with meta- analyses. Mol Cell Endocrinol 396:1-9.

13. Babraj JA, Vollaard NBJ, Keast C, Guppy FM, Cottrell G, et al. (2009) Extremely
short duration high intensity interval training substantially improves insulin
action in young healthy males. BMC Endocr Disord 3: 1-8.

14. Whyte LJ, Gill JM, Cathcart AJ (2010) Effect of 2 weeks of sprint interval training
on health-related outcomes in sedentary overweight/obese men. Metabolism
59: 1421-1428.

15. Tremblay A, Simoneau JA, Bouchard C (1994) Impact of exercise intensity on
body fatness and skeletal muscel metabolism. Metabolism 43: 814-818.

16. Dall CH, Snoer M, Christensen S, Monk-Hansen T, Frederiksen M, et al. (2014)
Effect of high-intensity training versus moderate training on peak oxygen
uptake and chronotropic response in heart transplant recipients: a randomized
crossover trial. Am J Transplant 14: 2391-2399.

17. Racil G, Ben Ounis O, Hammouda O, Kallel A, Zouhal H, et al. (2013) Effects
of high vs. moderate exercise intensity during interval training on lipids and
adiponectin levels in obese young females. Eur J Appl Physiol 113: 2531-2540.

18. Leite NC, Salles GF, Araujo AL, Villela-Nogueira CA, Cardoso CR (2009)
Prevalence and associated factors of non-alcoholic fatty liver disease in
patients with type-2 diabetes mellitus. Liver Int 29: 113-119.

19. Lakka TA, Venaldinen JM, Rauramaa R, Salonen R, Tuomilehto J, et al. (1994)
Relation of leisure-time physical activity and cardiorespiratory fitness to the risk
of acute myocardial infarction. N Engl J Med 330: 1549-1554.

20. Aspenes ST, Nilsen Tl, Skaug EA, Bertheussen GF, Ellingsen 9, et al. (2011)
Peak oxygen uptake and cardiovascular risk factors in 4631 healthy women
and men. Med Sci Sports Exerc 43: 1465-1473.

Int J Phys Med Rehabil, an open access journal
ISSN: 2329-9096

Volume 7 ¢ Issue 1« 1000503


https://doi.org/10.1093/hmg/ddl191
https://doi.org/10.1093/hmg/ddl191
https://doi.org/10.1371/journal.pone.0095270
https://doi.org/10.1371/journal.pone.0095270
https://doi.org/10.1371/journal.pone.0095270
https://dx.doi.org/10.3390%2Fijms16010704
https://dx.doi.org/10.3390%2Fijms16010704
https://dx.doi.org/10.3390%2Fijms16010704
https://doi.org/10.2165/11630910-000000000-00000
https://doi.org/10.2165/11630910-000000000-00000
https://doi.org/10.1152/japplphysiol.01220.2005
https://doi.org/10.1152/japplphysiol.01220.2005
https://doi.org/10.1152/japplphysiol.01220.2005
https://doi.org/10.1136/bmj.a2469
https://doi.org/10.1136/bmj.a2469
https://doi.org/10.1136/bmj.a2469
https://doi.org/10.1016/j.jsams.2012.02.003
https://doi.org/10.1016/j.jsams.2012.02.003
https://doi.org/10.1016/j.jsams.2012.02.003
https://doi.org/10.1111/j.1440-1681.2007.04713.x
https://doi.org/10.1111/j.1440-1681.2007.04713.x
https://doi.org/10.1111/j.1440-1681.2007.04713.x
https://doi.org/10.1016/j.mce.2014.08.006
https://doi.org/10.1016/j.mce.2014.08.006
https://doi.org/10.1016/j.mce.2014.08.006
https://doi.org/10.1186/1472-6823-9-3
https://doi.org/10.1186/1472-6823-9-3
https://doi.org/10.1186/1472-6823-9-3
https://doi.org/10.1016/j.metabol.2010.01.002
https://doi.org/10.1016/j.metabol.2010.01.002
https://doi.org/10.1016/j.metabol.2010.01.002
https://doi.org/10.1111/ajt.12873
https://doi.org/10.1111/ajt.12873
https://doi.org/10.1111/ajt.12873
https://doi.org/10.1111/ajt.12873
https://doi.org/10.1007/s00421-013-2689-5
https://doi.org/10.1007/s00421-013-2689-5
https://doi.org/10.1007/s00421-013-2689-5
https://doi.org/10.1111/j.1478-3231.2008.01718.x
https://doi.org/10.1111/j.1478-3231.2008.01718.x
https://doi.org/10.1111/j.1478-3231.2008.01718.x
https://doi.org/10.1056/NEJM199406023302201
https://doi.org/10.1056/NEJM199406023302201
https://doi.org/10.1056/NEJM199406023302201
https://doi.org/10.1249/MSS.0b013e31820ca81c
https://doi.org/10.1249/MSS.0b013e31820ca81c
https://doi.org/10.1249/MSS.0b013e31820ca81c

Citation: Hughes IL, Higgins T (2019) Six Weeks High Intensity Interval Training (HIIT) Improves a Variety of Different Diabetes Mellitus Type 2 Risk
Markers. Int J Phys Med Rehabil 7: 503. doi: 10.4172/2329-9096.1000503

Page 10 of 10

2

22.

23.

24,

25.

26.

=

.Mancia G, Fagard R, Narkiewicz K, Reddn J, Zanchetti A, et al. (2013) 2013
ESH/ESC Guidelines for the management of arterial hypertension: the Task
Force for the management of arterial hypertension of the European Society
of Hypertension (ESH) and of the European Society of Cardiology (ESC). J
Hypertens 31: 1281-1357.

Ciolac EG (2012) High-intensity interval training and hypertension: maximizing
the benefits of exercise?. Am J Cardiovasc Dis 2:102-110.

Tjenna AE, Lee SJ, Rognmo @, Stelen TO, Bye A, Haram PM, et al. (2008)
Aerobic interval training versus continuous moderate exercise as a treatment
for the metabolic syndrome. Circulation 118: 346-354.

Gormley SE, Swain DP, High R, Spina RJ, Dowling EA, et al. (2008) Effect of
intensity of aerobic training on VO2max. Med Sci Sports Exerc 40: 1336-1343.

Santomauro AT, Boden G, Silva ME, Rocha DM, Santos RF, et al. (1999)
Overnight lowering of free fatty acids with acipimox improves insulin resistance
and glucose tolerance in obese diabetic and nondiabetic subjects. Diabetes
48: 1836 -1841.

Hood MS, Little JP, Tarnopolsky MA, Myslik F, Gibala MJ (2011) Low-volume

2

2

2

3

3

7.

8.

9.

o

=

interval training improves muscle oxidative capacity in sedentary adults. Med
Sci Sports Exerc 43: 1849-1856.

Gomez-Ambrosi J, Silva C, Galofré JC, Escalada J, Santos S, et al. (2011) Body
adiposity and type 2 diabetes: increased risk with a high body fat percentage
even having a normal BMI. Obesity (Silver Spring) 19: 1439-1444.

Wells JC, Fewtrell MS (2006) Measuring body composition. Arch Dis Child 91:
612-617.

Li S, Zhao JH, Luan J, Langenberg C, Luben RN, et al. (2011) Genetic
predisposition to obesity leads to increased risk of type 2 diabetes. Diabetologia
54: 776-782.

.Mancilla R, Torres P, Alvarez C, Schifferli |, Sapunar J, et al. (2014) High

intensity interval training improves glycemic control and aerobic capacity in
glucose intolerant patients. Rev Med Chil 142: 34-39.

. Kuehnbaum NL, Gillen JB, Gibala MJ, Britz-McKibbin P (2014) Personalized

metabolomics for predicting glucose tolerance changes in sedentary women
after high-intensity interval training. Sci Rep 4: 6166.

Int J Phys Med Rehabil, an open access journal
ISSN: 2329-9096

Volume 7 ¢ Issue 1« 1000503


https://doi.org/10.1097/01.hjh.0000431740.32696.cc
https://doi.org/10.1097/01.hjh.0000431740.32696.cc
https://doi.org/10.1097/01.hjh.0000431740.32696.cc
https://doi.org/10.1097/01.hjh.0000431740.32696.cc
https://doi.org/10.1097/01.hjh.0000431740.32696.cc
https://doi.org/10.1161/CIRCULATIONAHA.108.772822
https://doi.org/10.1161/CIRCULATIONAHA.108.772822
https://doi.org/10.1161/CIRCULATIONAHA.108.772822
https://doi.org/10.1249/MSS.0b013e31816c4839
https://doi.org/10.1249/MSS.0b013e31816c4839
https://doi.org/10.1249/MSS.0b013e3182199834
https://doi.org/10.1249/MSS.0b013e3182199834
https://doi.org/10.1249/MSS.0b013e3182199834
https://doi.org/10.1038/oby.2011.36
https://doi.org/10.1038/oby.2011.36
https://doi.org/10.1038/oby.2011.36
https://doi.org/10.1136/adc.2005.085522
https://doi.org/10.1136/adc.2005.085522
https://doi.org/10.1007/s00125-011-2044-5
https://doi.org/10.1007/s00125-011-2044-5
https://doi.org/10.1007/s00125-011-2044-5
https://doi.org/10.4067/S0034-98872014000100006
https://doi.org/10.4067/S0034-98872014000100006
https://doi.org/10.4067/S0034-98872014000100006
https://dx.doi.org/10.1038%2Fsrep06166
https://dx.doi.org/10.1038%2Fsrep06166
https://dx.doi.org/10.1038%2Fsrep06166

	Title
	Corresponding Author
	Abstract
	Keywords
	Introduction
	Aims and objectives 

	Materials and Method 
	Subjects
	Physiological measurements 
	Oral Glucose Tolerance Test (OGTT) 
	VO2max and Wmax test 
	HIIT programme 
	DNA isolation 
	Gel electrophoresis 
	PCR protocol 
	Restriction digest 
	Statistics 

	Results
	VO2max response to HIIT can differ extensively 
	Tolerance to a bolus of glucose is highly variable 
	HIIT can influence blood pressure significantly 
	Detection of Adiponectin 45T/G SNP 

	Discussion
	Findings 
	VO2max 
	Systolic and diastolic blood pressure 
	Glucose and insulin sensitivity 
	Body fat index 
	Adiponectin 45T/G SNP 

	Conclusion and Future Research 
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Table 1
	Table 2
	Table 3
	References

