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ABSTRACT
High-intensity interval training (HIIT) has been used as an alternative to
moderate-intensity exercise training. Research has shown that HIIT produces
better effects on glycemic control and hence the cardiometabolic risk in predi-
abetes. This randomized controlled trial was conducted to compare the effect
of low-volume HIIT (LV-HIIT) with high-volume HIIT (HV-HIIT) on A1C
and fasting blood glucose (FBG) in overweight adults with prediabetes. The
trial included 60 young adults with prediabetes (32 male, 28 female). Subjects
were randomly assigned to one of three equal-sized groups (7 = 20): an LV-
HIIT group (10 X 1-minute intervals at an interval intensity of ~90% HR
on a treadmill separated by 1 minute of easy recovery, with total exercise of
25 minutes/session), an HV-HIIT group (4 X 4-minute intervals at 90% of
HR, . with 3 minutes of active recovery at 70% of HR  between intervals,
with total exercise of 40 minutes/session), and a control group (no exercise
intervention). Exercise programs consisted of 3 sessions/week for 12 successive
weeks. All participants followed a low-calorie diet for the 12-week intervention
period. A1C and FBG were measured before and at the end of the 12-week
trial. There were statistically significant effects on A1C and FBG from both
exercise interventions (2 <0.05). LV-HIIT and HV-HIIT significantly reduced
A1C and FBG; however, HV-HIIT yielded a greater reduction in A1C than
LV-HIIT (26.07 vs. 14.50%) and in FBG (17.80 vs. 13.22%) after exercise
training, respectively. HIIT was found to be effective for glycemic control in
prediabetes, with HV-HIIT being more effective than LV-HIIT in reducing
A1C, FBG, and progression to type 2 diabetes in young adults with prediabetes.

uring the past decade, the
prevalence of type 2 diabe-

tes has increased alarmingly

and cardiovascular disease (CVD)
within a 3- to 5-year period (4).
Lifestyle changes such as increased

worldwide. Prediabetes is a state of
intermediate hyperglycemia that oc-
curs when individuals progress from
normal glucose tolerance to type 2 di-
abetes (1). Prediabetes is characterized
by impaired glucose tolerance (blood
glucose 140-200 mg/dL), impaired
fasting glucose (blood glucose 110-
125 mg/dL), or both and elevated
A1C levels of 5.7-6.4% (2).

Most people with prediabetes are
overweight or obese (3) and are at a
great risk to develop type 2 diabetes
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regular exercise are important for
treatment and prevention of type 2
diabetes (5).

Several professional associations
recommend at least 150 minutes/
week of moderate- to high-intensity
exercise for people with type 2 dia-
betes (6). High-intensity interval
training (HIIT) is a form of exercise
that involves short repeated bursts
of vigorous exercise interspersed
with periods of rest or recovery. A
growing body of evidence demon-
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strates that HIIT is an alternative
effective exercise modality to moderate-
intensity continuous training (MICT)
for adults with prediabetes. HII'T had
effects that were similar to (7,8) and
sometimes better than (9,10) those
of MICT for improving a variety of
cardiovascular risk factors, including
cardiorespiratory fitness, endothe-
lial function, and muscle metabolic
capacity in people with type 2 dia-
betes. An acute bout of HIIT reduces
postprandial hyperglycemia in people
with type 2 diabetes (11).

HIIT can be individually tailored
and does not have to involve all-out
exercise. The intensity of the bursts
of vigorous exercise that characterize
HIIT is not standardized, but rather
is based on individuals’ cardiorespira-
tory fitness. For example, the intensity
of the “on” or “exercise” phase of
HIIT for an overweight individual
with type 2 diabetes may involve
brisk or uphill walking (12). Some
researchers have used low-volume
HIIT, which involves 10 X 1-minute
vigorous intensity efforts at ~90% of
maximal aerobic capacity (HR,,)
interspersed with 1-minute rest peri-
ods in three sessions per week (13,14).
Others have used different protocols
of longer length, fewer repetitions,
and longer rest intervals, which was
considered to be high-volume HIIT
(HV-HIIT) and involved 4 X 4-
minute intervals at 90% of HR
with 3-minute active recovery periods
at 70% of HR_ between intervals
(15,16).

To our knowledge, no studies
have determined the best parameters
of HIIT programs that people with
diabetes or prediabetes can adopt
to improve glycemic control. The
purpose of this study was to inves-
tigate the effects of different dosages
of HIIT on glycemic control in
prediabetes.

Methods

Trial Design and Participants

A single-blinded, blocked, random-
ized controlled trial design was used.
The study was conducted at the school
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of Physical Therapy, Cairo University,
Cairo, Egypt, from July 2017 to
January 2018. This study conformed
to all CONSORT guidelines.

Seventy-seven participants rang-
ing in age from 25 to 45 years were
selected from the outpatient clinic
of the School of Physical Therapy at
Cairo University. Participants were
included if they met the following
criteria: 1) overweight with a BMI of
25-30 kg/m?, 2) A1C of 5.7-6.4%, 3)
fasting blood glucose (FBG) of 100—
125 mg/dL, and 4) sedentary lifestyle.
Participants were excluded if they had
a history of diabetes, cancer, predia-
betic neuropathy, stroke, pulmonary
embolism, or severe musculoskeletal
problems restricting physical activity.
Of the 77 participants, 9 did not meet
the inclusion criteria and 8 declined
to take part in the study.

The remaining 60 participants
(33 men and 27 women) were ran-
domly assigned to one of three equal
groups (each 7# = 20): a low-volume
HIIT (LV-HIIT) group, an HV-HIIT
group, or a control group performing
no exercise (Figure 1). All participants
were instructed to follow a low-calorie
diet. Participants’ A1C and FBG lev-
els were assessed before and 12 weeks
after the exercise program.

All participants provided written
informed consent. The Board Council
of Higher Education of the School of
Physical Therapy, the Institutional
Review Board of Higher Education
and Research of Cairo University, and
the Supreme Council of Universities
of Egypt approved the study. The
study is registered with the Australian
New Zealand Clinical Trials Registry
(ACTRNI12617000631303).

Pre-Experimental Evaluation

Before exercise testing, anthropomet-
ric characteristics (i.e., weight, height,
and BMI) were measured and partici-
pants were familiarized with the labo-
ratory equipment. At their initial lab-
oratory visit, participants performed
an incremental cycle test to exhaus-
tion to establish their HR . The
HR,, test followed a standard proto-
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col of 2 minutes of baseline cycling at
a power output of 20 watts, followed
by an incremental test to exhaustion
with ramp rates of 30 watts'min™ in
men and 20 watts'min™ in women to
ensure fatigue within 8—12 minutes.
Then the work rates corresponding to
60 and 90% of the HR ,_were calcu-
lated to normalize the training inten-

sity for the HIIT protocols.
Exercise Protocols

LV-HIIT

Individuals randomized to LV-HIIT
were prescribed three weekly exercise
sessions for 12 weeks involving 10 X
I-minute intervals at an interval in-
tensity of ~90% HR __of uphill run-
ning on a treadmill, separated by 1
minute of low-intensity recovery, with
a 3-minute warmup and a 2-minute
cooldown (for 25 minutes of vigorous
exercise). After the supervised train-
ing phase, participants were instruct-
ed to maintain a regimen of LV-HIIT
3 days/week independently (13).

HV-HIIT

Individuals randomized to HV-HIIT
performed uphill running on a tread-
mill during 3 sessions/week for 12
weeks. They began with warmup for
10 minutes at 70% of HR_ before
performing 4 X 4-minute intervals
at 90% of HR__, with 3 minutes of
active recovery (moderate-intensity
walking) at 70% of HR between
intervals and a 5-minute cooldown
period (for 40 minutes of exercise)
(17). Participants were encouraged to
adhere to the HV-HIIT regimen for
3 months as a challenge to decrease
the chance of progressing to type 2
diabetes.

Low-Calorie Diet

All participants followed a low-calorie
diet for the 12-week intervention pe-
riod. It consisted of a caloric intake of
1,200-1,500 kcal/day for women and
1,500-1,800 kcal/day for men. This
was used to achieve a weight loss of
1-21b (0.5-0.9 kg) per week (18). Fat
intake was limited to 20—35% of total
calories, and complex carbohydrates
such as whole grains and vegetables
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(n="177)

Excluded (n = 17)

Did not meet the inclusion criteria
(n=9)

Refused to participate (n = 8)

Baseline measurement (week 0)

|

A1C and FBG
(n=60)
A
Randomized into 3 groups
(n=160)
\ 4 v A4
LV-HIIT group HV-HIIT group Control group
(n=20) (n=20) (n=20)

Post-intervention measurements and analysis (Week 12)

(n = 60)

M FIGURE 1. Participant flowchart.

made up 45-65% of total calories.
Additionally, low-fat protein such
as fish, poultry, and legumes made
up 15-25% of total calories (19).
Adherence to the diet was assessed
with a diet logbook in which each par-
ticipant documented each meal he or
she ate every day for 3 months. One
day per week was allowed for partic-
ipants to eat whatever they pleased.
However, food eaten on this day was
still documented in the logbook.
Participants in the control group were
instructed to maintain their present
lifestyle until the end of the trial.

Measurement Outcomes

Anthropometry Measurements

Height (cm) and weight (kg) were de-
termined at baseline to calculate BMI
(kg/m?). Height was measured using
a wall-mounted stadiometer. Weight
was taken on a calibrated digital scale.
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Biochemical Analyses

Biochemical tests included A1C
(Cobas Integra Tina-quant Hemo-
globin Alc Gen.2 kit; Roche
Diagnostics, Mannheim, Germany)
and FBG using glucose oxidase assays
(Roche Diagnostics, Indianapolis,
Ind.). Blood samples were collected
before the intervention for baseline
measurements and after 3 months, at
the end of the treatment intervention.

Sample Size

Sample size calculations were per-
formed using G*Power software
version 3.0.10 (Heinrich Heine
University Diisseldorf, Diisseldorf,
Germany). F test multivariant analysis
of variance (MANCOVA) with global
effects was selected. A1C was chosen
as the primary outcome measure. The
effect size of A1C was estimated to be
medium (0.25). Considering a pow-

er of 0.95, an o level of 0.05, three
groups, and two response variables,
a generated sample size of at least 14
participants per group was required.
Allowing for a 20% dropout rate, it
was necessary to reach a total sample
level of at least 70 participants.

Randomization

Randomization was implemented
in blocks by means of a computer-
generated randomized table using the
SPSS program (IBM Corp., Chicago,
[ll.), prepared in advance of data col-
lection. A specific identification num-
ber was assigned for each participant.
These numbers were randomized into
three groups. Individual sequentially
numbered index cards were secured in
opaque envelopes. Participants were
given a hand-picked envelope and
relocated in the tables accordingly to
their treatment groups. Participants
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TABLE 1. Demographic Data of Participants

LV-HIIT Group HV-HIIT Group Control Group F P
(n = 20) (n = 20) (n = 20)
Age 23-35 years 31.8+£5.3 31+5.27 359 +5.89 2.285 0.121
Sex
Male 11 (55%) 10 (50%) 12 (60%) x> =0.242 0.868
Female 9 (45%) 10 (50%) 8 (40%)
Weight 65-90 kg 76.8£11.62 78.6+12.38 77.5+11.03 0.06 0.942
Height 158-178 cm 164 +£10.53 166.8 £ 13.36 164.7 £10.31 0.161 0.852
BMI 25-32 kg/m? 28.37 £1.33 28.06 £ 1.47 28.41+£1.37 0.189 0.829

Data are expressed as mean + SD or n (%).

were not informed about their as-
signed group or which treatment they
would be receiving.

Blinding

A statistician blinded to the study
approach generated the concealed
block randomization and allocation
sequence and relocated participants to
the three groups. A certified physician
(blinded to treatment allocations) col-
lected blood samples and took anthro-
pometric outcome measurements be-
fore and after treatment. Finally, two
certified physical therapists managed
each treatment group individually.
Both therapists responsible for carry-
ing out the HIIT exercise programs
were blinded to the sequence alloca-
tion and measurement outcomes.

Data Analysis

Statistical analysis was conduct-
ed using SPSS for Windows, ver-
sion 20 (IBM Corp., Chicago, IIL.).
Descriptive statistics were used to
describe the means and SDs of par-
ticipants’ characteristics. Descriptive
analysis using histograms with a nor-
mal distribution curve and testing for
homogeneity of covariance and the
Shapiro-Wilk test were used to mea-
sure normal distribution of the FBG
and A1C values among groups.

A 3 X 2 X 2 mixed design
MANOVA (group: intervention vs.
control; sex: male vs. female; time:
baseline vs. post-intervention) was
used to compare A1C (%) and FBG
(mg/dL) levels between the tested
groups, measuring periods, and sexes.
Bonferroni corrections were used for
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comparisons between groups. The
level of significance was set at 2<0.05.

Results

Participant Characteristics

Table 1 lists the general physical char-
acteristics of participants. One-way
analysis of variance (ANOVA) re-
vealed that there were no significant
differences in mean age, sex, weight,
height, or BMI among the three
groups with a 2 >0.05. A Pearson *
test showed no significant difference
in sex between groups (P = 0.868).

A1C

The 3 x 2 x 2 MANOVA revealed
significant differences in change in
A1C between groups (P <0.0001).
HV-HIIT yielded a greater reduction
in A1C by 26.07% compared to LV-
HIIT, which yielded 14.5% (Table 2).
Pairwise comparisons revealed a signif-
icant difference in A1C between the
LV-HIIT and HV-HIIT groups (P =
0.04), LV-HIIT and control groups (P
<0.0001), and HV-HIIT and control
groups (£ <0.0001). The mean change
in A1C between the HV-HIIT and
LV-HIIT groups was 0.29 (95% CI
0.017-0.58), between the LV-HIIT
and control groups was 1.06 (95%
CI 0.77-1.36), and between the HV-
HIIT and control groups was 1.36
(95% CI 1.06-1.66) (Table 3).

FBG

The 3 x 2 x 2 MANOVA revealed
significant differences in change in
FBG between groups (2 <0.0001).
HV-HIIT yielded greater reduction
in FBG by 17.8% than LV-HIIT,

which yielded 13.22% (Table 2).
Pairwise comparison revealed a non-
significant difference in FBG between
the LV-HIIT and HV-HIIT groups
(P = 0.09) and significant differenc-
es in FBG between the LV-HIIT
and control groups (P <0.0001), and
the HV-HIIT and control groups
(P <0.0001). The mean change in
FBG between HV-HIIT and LV-
HIIT was 2.7 (95% CI 0.46-5.87),
between LV-HIIT and the control
group was 10.29 (95% CI 6.94—
13.64), and between HV-HIIT and
the control group was 13 (95% CI
9.64-16.36) (Table 3).

Discussion

Although it is known that HIIT
improves glycemic control in type
2 diabetes and prediabetes, the spe-
cific HIIT protocol that results in
the greatest improvement in A1C
and FBG is unknown. We sought to
compare the effects of LV-HIIT and
HV-HIIT on glycemic control in
overweight adults with prediabetes.

A paucity of research has found
that HIIT improves glycemic control,
body composition, cardiorespiratory
fitness, cardiovascular risk, physical
functioning, and well-being in type
2 diabetes (20). In the literature, both
acute bouts and long-term HIIT have
been shown to rapidly improve glu-
cose control in individuals with type
2 diabetes or prediabetes (11,13).

In our study, two different proto-
cols of HIIT were found to signifi-
cantly reduce AI1C over 12 weeks.
Because A1C is a long-term marker
of glycemic control, these findings
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TABLE 3. Effects of LV-HIIT and HV-HIIT on Metabolic and Glycemic Parameters

Mean Difference (95% Cl) P

LV-HIIT LV-HIIT HV-HIIT LV-HIIT LV-HIIT HV-HIT

Versus Versus Versus Versus Versus Versus

HV-HIT Control Control HV-HIT Control Control

A1C (%) 0.29 1.06 1.36 0.038* 0.0001* 0.0001*
(0.017-0.58) (0.77-1.36) (1.06-1.66)

FBG (mg/dL) 2.7 10.29 13 0.09 0.0001* 0.0001*
(0.46-5.87) (6.94-13.64) (9.64-16.36)

*Statistically significant (P <0.05).

This finding is also consistent with
Terada et al. (30), who found that
HIIT produced large acute reductions
in blood glucose as assessed before and
after each session of a 12-week train-
ing program. The authors explained
their findings as being the result of
the increase in catecholamine and
glucagon release in response to HIIT,
which stimulates the release of hepatic
glucose stores, and which in turn
enhances hepatic insulin sensitivity.
Elevated hepatic glucagon produc-
tion during HIIT results in marked
glucose reduction. From this, we can
postulate that adopting HV-HIIT
with a longer “on” phase decreased
the production of endogenous glucose
of hepatic origin to a greater extent
than LV-HIIT. The discrepancy in
FBG resulting from HV-HIIT and
LV-HIIT may be attributable to dif-
ferences in protocols, intervention
durations, or numbers of repetitions.

The improvement of AIC and
FBG may be the result of the com-
bination of a low-calorie diet and
HIIT. This result agrees with find-
ings from the study by Francois et al.
(31), who reported that a low-calorie
diet with interval exercises improved
glucose tolerance more than a low-cal-
orie diet alone in obese adults. This
result is also consistent with the find-
ings of Weiss et al. (32) that caloric
restriction and exercise have additive
beneficial effects on glucoregulation.
These data support that the addition
of a low-calorie diet to interval train-
ing is important for the prevention
of type 2 diabetes in people with
prediabetes.
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Our study did not assess adher-
ence to HIIT; it only encouraged
participants to comply with the exer-
cise prescription and adhere to their
exercise protocol. Such research is
needed to determine whether HIIT
is a viable health-enhancing exercise
strategy in the real world.

There were several limitations to
our study. First, adherence to HIIT
protocols were not assessed. Thus,
more research is needed to determine
whether individuals with prediabe-
tes can adhere to HIIT over the long
term (12 weeks). Second, our sample
size was small, so larger studies are
warranted to confirm and expand
our preliminary findings. Factors
unrelated to the study also limited
the follow-up of participants 1 month
after exercise. There are natural safety
concerns when implementing vigorous
exercise. All participants in our study
completed 12 weeks of supervised
HIIT with no complications reported,
but the study was not designed to
examine safety and musculoskeletal
injuries in response to HIIT in each
protocol. The small sample size of this
investigation did not permit an accu-
rate assessment of the safety or injury
risk potential of each HIIT protocol.
Further studies are also needed with
older populations.

Conclusion

Our results show that HIIT may be
incorporated to reduce FBG and A1C
in people with prediabetes and may
prevent progression to type 2 diabe-
tes. Adopting HV-HIIT may be more
helpful than LV-HIIT for glycemic
control in prediabetes.
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