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Abstract

In elderly women, a lack of regular physical exercise may result in faster decreases in general health and functional performance.
Although high-intensity interval training (HIIT) and moderate-intensity continuous training (MICT) have been effectively
applied in young and clinical groups, there is no evidence to support their use in elderly women to achieve health benefits.
Thus, the major goal of this study was to investigate how HIIT affected health-related outcomes in elderly women. Twenty-
four inactive elderly women agreed to participate in the 16-week HIIT and MICT intervention. Body composition, insulin
resistance, blood lipids, functional capacity, cardiorespiratory fitness, and quality of life were all measured before and after the
intervention. The number of differences between groups was determined using Cohen’s effect sizes, and the pre-post intra-
group changes were compared using paired t-tests. Using 2 X 2 ANOVA, the time X group interaction effects between HIIT
and MICT were evaluated. Body fat percentage, sagittal abdominal diameter, waist circumference, and hip circumference all
were improved significantly in the 2 groups. HIIT substantially improved fasting plasma glucose and cardiorespiratory fitness
as compared to the MICT. HIIT improved the lipid profile and functional ability more significantly compared to the MICT
group. These findings show that HIIT is a useful exercise for improving elderly women’s physical health.
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What do we already know about this topic?
HIIT substantially improved fasting plasma glucose and cardiorespiratory fitness compared to MICT. HIIT improved
lipid profile and functional ability more significantly compared to the MICT group

How does your research contribute to the field?
The major goal of this study was to investigate how HIIT affected health-related outcomes in elderly persons

What are your research’s implications toward theory, practice, or policy?
Our research implications toward practice
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risks.?? In the Southeast Asian area, the prevalence of obe-
sity in elderly women was 31%.*

According to the Indonesian Ministry of Health, the prev-
alence of obesity in Indonesia among those over the age of
18 was 21.83% in 2018, up from 14.53% in 2013° and
healthy lifestyle practices are the reasons why it is important
to apply to obese people to reduce the risk of premature death
and increase mortality from noncommunicable diseases.®
Obesity, as measured by a rise in BMI, increases the risk of
stroke and heart disease, as well as other chronic diseases
such as hypertension, dyslipidemia, cardiovascular disease,
and type 2 diabetes.’

Obesity (BMI>25)® was also used to assess abdominal
fat accumulation, which was linked to a major health risk
factor. Waist circumference estimations of >80 cm (women)
and >90 cm (men) are a popular approach for measuring the
quantity of visceral adipose tissue.” Many rules exist for esti-
mating waist circumference, which is defined as the mea-
surement (in cm) of waist circumference, although it is also
dependent on other recommendations.!” Obesity is associ-
ated with several problems, one of which is a national public
health concern, particularly in Indonesia. Obesity has been
linked to coronary artery disease, type 2 diabetes, and hyper-
tension, with further evidence linking obesity to metabolic
syndrome, gout, fatty liver, asthma, and cancer, according to
current treatment guidelines.!!

Nowadays, obesity is becoming increasingly widespread
among elderly people as a result of the risks linked with it. It
is becoming a pandemic in developing nations, which is why
establishing effective lifestyle methods and practices to man-
age this condition and the risk of mortality is critical.!>!* The
elderly nowadays consume too many calories and live seden-
tary lifestyles, leading to obesity and related health prob-
lems. Metabolic syndrome is more common in the elderly,
and it mainly affects women.!>!423

Exercise can prevent and cure obesity-related disorders
such as metabolic syndrome, type 2 diabetes, and cardiovas-
cular disease. Low cardiorespiratory fitness and type 2 dia-
betes are connected with higher mortality in those who
exercise less and have a metabolic syndrome diagnosis.*
Exercise has a higher and more direct influence on obesity
risk variables.”> Popular exercise recommendations for
women advocate exercising for at least 30 min per day, or
5days per week at a moderate to high intensity, for the best
effect on health.?® The increase of regular exercise has been
reported to improve cardiorespiratory fitness and lower the
incidence of obesity and associated muscular diseases in
obese women.? Therefore, regular and moderate exercise is
strongly associated with fitness and health physiology, as
well as illness prevention and health promotion.?’

High-intensity interval training (HIIT) is described as
high-intensity aerobic exercise (85%-95% maximum heart
rate) conducted for brief periods of time (30s-4min), alter-
nated with low to moderate intensity recovery intervals
(50%-70% maximum heart rate).?® HIIT has traditionally

been utilized by top athletes, but it is gaining favor in clini-
cally inactive groups, with most research concentrating on
the effects of HIIT in those with coronary artery disease,
congestive heart failure, metabolic syndrome, and type 2 dia-
betes.?!?>2847 HIIT has excellent benefits, including consid-
erable increases in VO,max and insulin sensitivity. Although
the advantages of HIIT have been thoroughly researched, the
majority of this study has concentrated on the young and
clinical populations.*?

For a long time, the benefits of HIIT exercise and diet have
been researched as essential variables in the prevention and
treatment of numerous illnesses. Although HIIT exercise and
nutrition have distinct impacts, it has recently been shown
that HIIT exercise and food also interact. When the 2 are
combined, a greater benefit is obtained.*® The impact of HIIT
and its related advantages on body composition, metabolic
blood measurements (blood lipids and insulin resistance),
cardiorespiratory fitness (VO,max), and quality of life in
obese elderly have never been explored. More study is needed
to investigate whether HIIT, as compared to other forms of
exercise, is an acceptable and tolerated form of exercise in
obese women aged 50 to 60 years who were previously seden-
tary. As a result, the ultimate goal of this study was to study
how the high intensity interval training (HIIT) versus moder-
ate intensity continuous training (MICT) program affected
health-related outcomes in obese women aged 50 to 60 years
who previously ran sedentary life style in Indonesia.

Materials and Methods

The study used a cross-sectional pilot study design.
Participants were assigned at random to either an HIIT or a
MICT. Before and after a 16-week supervised intervention,
all outcome variables were evaluated. Participation in this
study was entirely voluntary, and participants were made
aware that they might opt out at any moment. Prior to the
first day of testing, participants signed an informed consent
form. Each participant was clearly told the testing processes
and workout activities, and they were encouraged to ask
questions. A competent biokineticist who was trained in car-
diopulmonary resuscitation (CPR) and basic life support
oversaw all testing procedures and exercise sessions.
Participants were advised that they could cease cycle ergom-
eter testing or exercise sessions at any time and were shown
how to utilize the emergency stop on the cycle ergometer

Participants

A cross-sectional pilot study was conducted in this study,
there were 24 volunteers fulfilling the inclusion and exclusion
criteria. Furthermore, the inclusion criteria used were 50 to
60years old, residing in Indonesia; BMI between 25 and
29.9kg/m?; maximum exercise twice a week for 45min. In
addition, the exclusion criteria include having diabetes,
hypertension, or heart disease; having an injury such as a
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Resting blood pressure, functional testing (timed-
up-and-go test), body composition assessments, a
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submaximal exercise test, metabolic blood
measurement, and SF-36v2 questionnaire

Figure |. Flowchart diagram of the research.

fracture, sprain, surgery, or a condition requiring immobiliza-
tion; or being seen by an attending emergency physician.®
These 24 participants were then initially randomly allocated
to an HIIT or MICT group. Participants gave their verbal and
written agreement in accordance with the Declaration of
Helsinki, and all procedures were carried out as described.
The ethics committee at Khon Kaen University gave the study
their blessing (Decision number: HE622224).

Laboratory Visits

During the research, the participants were visited by the
research team for several times on different days. The detail
of the visit is shown by the Figure 1.

Visit day I: Pre-participation screening. The initial visit to the
laboratory involved screening tests to assess if the participants
were qualified to participate. Co-morbidities were identified
using cholesterol and glucose testing, anthropometry (body
mass index, waist and hip circumference, and cardiovascular
measurements (resting blood pressure and resting ECG).

Visit day 2: Baseline testing. Participants who passed the pre-par-
ticipation screening returned to the laboratory for baseline (pre)
testing on a subsequent day. Participants were instructed to clear
their bladders immediately before testing and to avoid activity
and diuretics such as coffee or alcohol for at least 8h before the
tests. Participants were also asked to refrain from smoking for
4h prior to the measurements. Prior to participating in baseline
testing, written informed permission was obtained.

Resting blood pressure, functional testing (timed-up-and-go
test), body composition assessments (stature, body mass, waist
and hip circumferences, sagittal abdominal diameter, and per-
centage body fat), a submaximal exercise test (Bruce protocol),
and metabolic blood measurement were all part of the baseline
testing (lipogram and insulin resistance). Participants were also
asked to fill out the SF-36v2 questionnaire (quality of life).

At the end of this session, individuals were randomly
assigned to either the HIIT and MICT groups. A statistician
who was not engaged in the study generated random numbers
for each group using www.randomizer.org. In sealed enve-
lopes, an impartial participant distributes team assignments.
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Participants were requested to keep their existing lifestyle and
not change their level of physical activity or food while taking
part in the study.

Visit day 3-50: Exercise sessions. All HIIT and MICT exercise
sessions were overseen by certified biokineticists. All per-
sonnel who supervised the sessions were directed to monitor
the participants’ heart rates, as well as the cycle ergometer
speed and inclination, and to verify that the individuals
always exercised at the appropriate pre-determined intensity.
For a total of 16 weeks, both exercise groups conducted 3
exercise sessions each week. In the Universitas PGRI Sema-
rang Lab, all sessions were conducted on a cycle ergometer.
After each interval during the HIIT training and every 10 min
during the MICT session, a rating of perceived effort (0-10)
was recorded.

Visit day 5 | : Post-testing. Post-testing was carried out between
24 and 48h of the last exercise session. All procedures car-
ried out during baseline testing were carried out again. When
the appointment for the final assessments was arranged, the
participants were reminded of the pre-test requirements.

Exercise Intervention

The intervention lasted 16 weeks and was conducted under
supervision at physiology laboratory Universitas Negeri
Yogyakarta. HIIT training sessions are carried out on a bicy-
cle ergometer with an emergency stop. Participants are
taught what to do and how to utilize the emergency button.
Each subject did four 4-minute intervals at 90% to 95% of
their anticipated age HRmax. For active recovery, partici-
pants cycled slowly on the ergometer for 3min at 50% to
70% of their estimated HRmax after each 4-minute period.
The workout was preceded by a 5-min warm-up at 70% of
their projected age HRmax, followed by a 5-min cool-down.
Heart rate was continually monitored and recorded around
the clock (Garmin, Schaffhausen, Switzerland). Each train-
ing session is monitored by a skilled biokinetician, who
adjusts the bicycle speed ergometer to attain the ideal heart
rate range. The HIIT session lasts 38 min in total.

Participants in the MICT group cycled continuously for
47 min at a moderate effort set at 70% to 75% of their age
predicted HRmax. This workout has the same time and
intensity as the previous HIIT sessions.*’ Throughout the
session, the heartrate was measured (Garmin, Schaffhausen,
Switzerland). Participants were told to change their train-
ing tempo to keep their heart rate within the target range.
The formula for age-max cardiac prediction was (220
age) X percent intensity (90%-95% for HIIT and 70%-75%
for MICT). During the HIIT session, RPEs were recorded
at the end of each interval, and every 10min during the
MICT session. To complete the intervention, all individu-
als who were eligible for the research made a total of 51
VIsIts.

Research Instruments

All measures were obtained between 07.00 and 9.00 am fol-
lowing an overnight fast, both before and after the interven-
tion. For each test, the same equipment was utilized.
Measurements were taken by research assistants in accor-
dance with a predetermined technique.

Blood pressure measurement. Blood pressure (mmHg) mea-
surement using Omron M4-I Intellisense Blood Pressure
(Kyoto Headquarters, Japan). For 30 min before the mea-
surement, participants were not allowed to eat, consume
alcohol, smoke, exercise, or bathe. Allow at least 15min to
rest before collecting measurements. Measurements should
be avoided during times of stress since stress boosts blood
pressure. Measurements should be performed in a peaceful
location. Remove any restrictive garments from the sleeves.
Place your feet flat on the floor and sit on a chair. Place your
hands on the table so that the cuffis at the level of your heart.
The cuff’s bottom should be roughly 1 to 2cm above the
elbow. Keep calm and avoid talking throughout the measure-
ment. A team of doctors takes blood pressure and pulse
readings.

Resting electrocardiogram (ECG). During the pre-participation
examination, a resting ECG was performed. To assess if there
were any underlying cardiovascular irregularities, a 12-lead
ECG (ELI 250, Milwaukee, USA) was employed. The indi-
vidual was advised to lie anatomically supine on a plinth. Prior
to applying the electrodes, the skin was prepped by removing
any unwanted hair and cleaning the region with alcohol swabs
to guarantee adherence. Six electrodes were put on the chest
(V1-V6) and 4 were inserted on the limbs (RA, LA, F, N).

Measurement of body composition and anthropometry. Partici-
pants were measured height barefoot and only during the pre-
test since they seldom altered and were measured up to 0.1cm
closest to the stadiometer (DS-103, DongSahn Jenix, Seoul,
Korea). Participants were instructed to wear minimum clothes,
remove jewelry, and not move or speak during body composi-
tion measurements (weight (kg), percent fat (percent)) using
the Karada Scan HBF 375 (Omron Healthcare, Kyoto, Japan).
The formula for calculating BMI/Body Mass Index is weight/
kg divided by height/m, which is given as a square (kg/m?).
The waist circumference is measured in millimeters using a
tape measure linked to an iliac crest tape measure (cm).

Measurement of metabolic blood size. Total cholesterol and
glucose testing were done during pre-participation screening.
A competent biokineticist collected a drop of blood from the
ring finger of the non-dominant hand using a disposable fin-
ger prick and a cholesterol or glucose strip (Roche Diagnos-
tics) put into a portable instrument (Accutrend (R) plus, 2007,
Roche Diagnostics). On the same day that participants com-
pleted baseline and post-testing, they were given a Pathcare
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Centre form (Stellenbosch). The subject was told to visit
Pathcare Centre (Stellenbosch) within the following 24 to
48h to undergo a lipogram and insulin resistance blood test.
The participants were told to fast for 8 h before the test and to
have it done first thing in the morning. The lipogram revealed
total cholesterol, LDL-C, HDL-C, and TG levels. The insulin
resistance test was performed on the same day as the lipogram
and yielded data that included fasting plasma insulin and fast-
ing plasma glucose levels. The formula: fasting insulin con-
centration  (U/mL) X fasting  glucose  concentration
(mmol/L)/22.5 was used to calculate insulin sensitivity
(HOMA-IR technique).>

Cardiorespiratory fitness. For the cycling test, the Astrand
maximal cycle test protocol was used. The Cosmed meta-
bolic system (Cosmed Quark b2 2000, Italy) and software
were used to gather the metabolic data, which computed and
recorded the exercise intensity as well as selected cardiore-
spiratory parameters during the test. The gas analyzer was
equipped with a telemetric heart rate monitor (POLAR®,
Polar Electro Oy, Finland), which recorded heart rate in beats
per minute (bpm).

The gas analyzers were calibrated using ambient gas and
known gas concentrations of 16% oxygen, 4% carbon diox-
ide, and a balance of nitrogen, according to the manufactur-
er’s instructions (Cosmed Quark b2 2000, Italy). A 31 syringe
was used to calibrate the turbine flow meter. All calibration
was completed the morning before testing began. THR=((HR
max-HR rest) X percent intensity) + HR rest was the
Karvonen formula used to compute the participant’s goal
heart rate (THR) set at 75% of their maximum.

Prior to the start of the exam, all participants were shown
how to use the emergency stop button and advised that they
could stop the test at any time. A safety strap was also used
to secure participants to the cycle ergometer. The test began
with a 10 degree gradient and a speed of 2.7km/h. Every
3 min, the slope and pace were raised progressively until the
goal heart rate was attained. After that, participants cooled
down for Smin at 2.7km/h (no gradient). At the end of each
step, the heart rate and rating of perceived effort (RPE) were
recorded. RPE is a useful measure for determining a partici-
pant’s exercise tolerance.’' Borg created the RPE scale to
rate an individual’s whole-body sensations during exercise.
Borg’s category-ratio scale of 0 to 10 (modified Borg scale)
was employed, and it provided an early warning of imminent
weariness.”! During the test, no speech was permitted unless
it was to convey extreme discomfort or weariness.

When the participants met their goal heart rate or when
one of the termination criteria for halting an exercise test was
apparent, the test was discontinued.’! Among these were:
The onset of angina or angina-like symptoms; a decline in
systolic blood pressure more than 10mmHg from baseline
despite increasing activity intensity; significant increase in
systolic blood pressure beyond 250 mmHg or diastolic blood
pressure above 115mmHg; shortness of breath, wheezing,

leg cramps, or claudication that is unusual; signs of inade-
quate perfusion: dizziness, disorientation, ataxia, pallor, cya-
nosis, nausea, or cold and clammy skin; failure of heart rate
to rise with increased exercise intensity; changes in cardiac
rhythm; participant begs to pause; physical or verbal symp-
toms of extreme exhaustion; the testing equipment had
failed.

Each participant’s estimated VO,max score was deter-
mined before and after the intervention. For women, the
equation was VO,max (ml/kg/min) =4.38(T)-3.9,”> while
for males, it was 14.8 — (1.379 XT) + (0.451 XT2) —
(0.012 X T3).33 “T” represents the entire time of the exam in
minutes and fractions of a minute.

Functional assessment. The Timed-Up-and-Go (TUG) test
was originally used to assess frailty in the elderly.>* How-
ever, it is currently routinely used to measure functional
capacity in numerous demographic categories (elderly,
obese, respiratory and cardiac illness).>® This test is simple to
conduct and evaluates a person’s mobility by requiring both
static and dynamic balance.

Participants were instructed to wear comfortable workout
shoes before the test. Participants were told to sit in a chair
with back support but no arm rests. On the order “Go,” the
participant rose from the chair, walked 3m ahead, turned
around a cone, and returned to the chair. The timer began
when the instruction was issued and ended when the partici-
pant’s buttocks were put on the chair. Participants were
instructed to do the instruction as quickly as possible without
running. Each participant completed 3 trials, with the best
time recorded in seconds to 2 decimal places.

Self-administered questionnaire. The short form health survey
version 2 (SF-36v2) is a 36-question multipurpose health
survey. This survey has shown beneficial in both general and
particular groups, and it is simple to conduct.’® This ques-
tionnaire collects data on an individual’s subjective mental
and physical quality of life. The SF-36v2 measures 8 con-
cepts: function (restricted physical activity such as climbing
objects, lifting objects, sifting, and walking distance); role-
physical (restricted function or daily responsibilities caused
by physical health problems); body pain (severity of pain and
how it interferes with daily functioning); general health
(physical health status); vitality (controls energy and fatigue);
social function (quality and quantity of social interaction);
role-emotional (limitations in job activities other than those
induced by physical health issues); Mental well-being
(dimensions of anxiety, depression, behavioral or emotional
loss and well-being).

Each question yields a score, which when combined
together yields a total score for each section (0-100). The
lower the score, the greater the individual’s incapacity. There
are also scores for the psychometric-based summary of phys-
ical components (PCS) and summary of mental components
(MCS). Each participant’s quality of life was assessed using
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Table 1. The Participants’ Baseline Physical and Physiological
Parameters.

Variables HIIT MICT

N 12 12

Age (years) 543 £5.1 53.6*6.1
Height (cm) 164.6 7.2 163.5+79
Body mass(kg) 72.1 £13.8 74.1 £ 143
BMI (kg/m?) 26.6+4.2 26.7 = 4.1
Body fat (%) 37366 36.7+6.9

the standardized form of the SF-36v2 health survey. Before
and after the intervention, questionnaires were distributed.

Statistical Analysis

The data was statistically analyzed using Microsoft Office
(Office 365, USA), STATISTICA 14.0 (Statsoft®, 2020,
USA). Participants’ descriptive data were provided as means
and standard deviations (SD). The paired t-test was used to
assess mean differences between the HIIT and MICT groups.
The effects of time X group interaction were investigated
using 2 X2 ANOVA. For all analyzes, the level of signifi-
cance was fixed at P <<.05. Cohen’s effect sizes were used to
determine if there were any statistically significant differ-
ences between the 2 groups. The impact sizes were classified
as follows: trivial practically significant effect 0.20, small
practically significant effect 0.20, moderate practically sig-
nificant effect 0.50, big practically significant effect 0.80,
and very large practically significant effect 1.20. Cronbach’s
alpha was used to measure the reliability of the SF-36 ver-
sion 2, and the questionnaire was judged trustworthy if
Cronbach’s alpha was better than .70.

Results

The Characteristics of the Elderly Participants

The study involved 24 elderly participants (24 women). The
subjects were all healthy elderly individuals with an average
age of 53.95 years (Table 1). According to ASEAN standard,
the participants had a mean BMI of 26.65 = 4.2 kg/m?, put-
ting them in the obese category. However, it has been pro-
posed that elderly persons only have an elevated
cardiovascular disease risk if their BMI exceeds 30kg/m?2,>’
implying that elderly were still considered healthy. Despite
the fact that the participants’ body fat percentage (38.167%)
would place them at an elevated health risk for their age.”!
Because these people had previously been sedentary, both
men and women had an initial projected VO,max of
20.6 = 19.5 ml/kg/min, which is regarded as extremely low
for both men and women.”!

Prior to the trial, all participants were verified that they
were not actively participating in any form of structured
exercise program and were free of any orthopedic injury.

Twenty-nine of the 38 people that were assessed before to
participation were authorized to enroll, and 24 completed
the 16-week trial. Some participants reported some muscle
soreness following the initial sessions, however no partici-
pant sought a break during the workout sessions. Two peo-
ple dropped out of the study. One of these people got
damaged her hip in a separate incident, and another had a
preexisting injury that she did not disclose before to the
research. The exercise sessions were well tolerated by the
other individuals, who reported no side effects.

The Effect of HIIT and MICT on Body
Composition

Both the HIIT and MICT groups exhibited a marginally sig-
nificant reduction in body mass (ES=0.08 and 0.16, respec-
tively), however the latter group experienced a statistically
significant drop (1.3kg; P=.001). Following the HIIT and
MICT intervention, both groups had statistically significant
decreases in percent body fat (HIIT 1.7% vs MICT 1.2%), sag-
ittal abdominal diameter (HIIT 1cm vs MICT 0.5cm), waist
circumference (HIIT 4.2 cm vs MICT 3.3 cm), and hip circum-
ference (HIIT 4.6cm vs MICT 1.9¢cm) (P <.05) (Table 2).

The Effect of HIIT and MICT on Metabolic Blood
Measures

In the HIIT (0.4mIU/L) and MICT groups (0.2mIU/L),
respectively, there was a tiny (ES=0.37) and trivial
(ES=0.08) practically meaningful drop in fasting insulin;
however, these reductions were not statistically significant
(P>.05) (Table 3).

Only the HIIT intervention resulted in substantially decreased
fasting plasma glucose (HIIT 0.6 mmol/l vs MICT 0.2 mmol/l).
The glucose: insulin ratio increased by 0.1 and 0.2 in the HIIT
and MICT groups, respectively (P>.05; ES=0.23 and 0.33,
respectively), and there was a small but statistically significant
change in insulin sensitivity (HOMA-IR) in the HIIT group,
compared to a trivial but statistically significant change in the
MICT group (P>.05; HIIT ES=0.22 vs MICT ES=0.09).

Table 4 shows blood lipid levels before and after the 16-week
intervention for both the HIIT and MICT groups. Following the
intervention, total cholesterol was lower in the HIIT group
(0.4mmol/l; P>.05; ES=0.28), while it increased in the MICT
group (0.2mmol/l; P>.05; ES=— 0.12). Similarly, the MICT
group had an increase in LDL-C (0.2mmol/l; P>.05;
ES=-0.13) while the HIIT group had a reduction (0.3 mmol/l;
P>.05; ES=0.22). In either group, there was no statistically or
practically significant change in HDL-C (P> .05; ES 0.20). The
HIIT group had a trivial practically significant change in TG
compared to the MICT group, which had a small practically sig-
nificant change in TG (HIT 0.2mmol/l; ES=0.17vs MICT
0.1 mmol/I; ES=0.27) and a trivial practically significant change
in the cholesterol:HDL ratio (HIIT 0.2mmol vs MICT
0.0mmol/I; ES 0.2, in both cases).
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Table 2. Change in Body Composition.
Variables Pre HIIT Post HIIT Pre MICT Post MICT
Body mass (kg) 72.1 = 13.8 708=*13.2* 74.1 = 143 73.4+ 1427
Body fat (%) 37.3*+6.6 35.6+6.8" 36.7*+69 355+6.9"
Sagittal abdominal diameter (cm) 203+29 193 +2.7° 20.3+43 19.8 +4.2°
Waist circumference (cm) 824+113 782 +9.8" 852+ 126 81.9+118"
Hip circumference (cm) 101.7£9.2 97.1 =115 101.5£9.9 99.6 +7.8®
Trivial practically significant effect within groups (ES =0.20).
®Small practically significant effect within groups (ES =0.20).
“Moderate practically significant effect within groups (ES =0.50).
*Statistically significant difference between pre and post (P <.05).
Table 3. Change in Insulin Resistance Measures.
Variables Pre HIT Post HIIT Pre MICT Post MICT
Insulin fasting (mIU/L) 6.7*=33 63+3.1° 6.8=*3.5 6.6 =4.2°
P-glucose fasting (mmol/l) 6.6+2.1 6.0+22"® 6.1+0.8 58x0.6
Glucose: insulin ration 1.2+0.5 1.3+04° 1.1£0.5 1.3+0.9°
Insulin sensitivity (HOMA-IR) 1.4=1.1 1.2+ 1.1° 1.6+ 1.1 1.5+1.3
*Trivial practically significant effect within group (ES =0.20).
®Small practically significant effect within groups (ES = 0.20).
*Statistically significant difference between pre and post (P <.05).
Table 4. Change in Blood Lipids.
Variables Pre HIIT Post HIIT Pre MICT Post MICT
Total-cholesterol (mmol/l) 68=*1.2 64+ 1.1° 6.7*+0.8 69=1.1°
LDL-C(mmol/l) 48=* 1.1 45+ 1.0° 44+0.6 4.560.9
HDL-C (mmol/l) 1.8+0.5 1.8*+04 1.8+0.5 1.8*+0.5°
Triglycerides (mmol/l) 1.3+0.8 I.1 £0.6° 1.3+0.8 1.2+0.7°
Cholesterol : HDL ratio 47=*10 45=*1.0° 4.6=* 1.1 4.6+ 1.12
Trivial practically significant effect within groups (ES =< 0.20).
®Small practically significant effect within groups (ES=0.20).
The Effect of HIIT and MICT on Functional Table 5. Change in Functional Capacity.
Capacity Post

) ) . Variables Pre HIIT Post HIIT Pre MICT MICT
Table 5 depicts functional ability before and after the . -
16-week intervention as determined by the timed-up-and-go TUG (s) 6509 63087 6.6=0.9 65+0.9°

test (TUG). Following the intervention, there were statisti-
cally significant decreases in TUG test time in both the HIIT
and MICT groups (HIIT 0.2s vs MICT 0.1s; p 0.05; ES =
0.41 and 0.28, respectively).

The Effect of HIIT and MICT on
Cardiorespiratory Fitness

The results for cardiorespiratory fitness as represented by
the Bruce protocol termination time and projected VO,max
before and after the 16-week intervention are shown in
Table 6. Following the intervention, the HIIT group showed

2Small practically significant effect within groups (ES = 0.20).
*Statistically significant difference between pre and post (P <.05).

a statistically significant and substantial practically mean-
ingful improvement in termination time (109s; P=.003;
ES=0.87). In comparison, the MICT group showed just a
tiny statistically significant improvement (21s; P>.05;
ES=0.22). Similarly, the HIIT intervention resulted in a sta-
tistically and practically enhanced predicted VO,max
(7.8 ml/kg/min; P=.01; ES=0.85), compared to a margin-
ally and practically significant change in the MICT group
(2.8 ml/kg/min; P> .05; ES=0.19).
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The Effect of HIIT and MICT on Quality of Life

In this demographic group, the SF 36 version 2 was deter-
mined to be trustworthy (Cronbach’s=.85, .03). Table 7
depicts pre and post quality of life measurements among the
groups following the 16-week intervention. Physical func-
tioning (HIIT 1.2 vs MICT 0.6), body pain (HIIT —1.6 vs
MICT 3.8), general health (HIIT: 2.1 vs MICT 3) and the
physical component summary showed no statistically sig-
nificant differences in either group (HIIT -1 vs MICT 0.9).
Only the MICT group improved statistically significantly
(P <.05) in role/physical (3.9), vitality/energy (3.9), social
functioning (7.2), and mental health (5.4), whereas the HIIT
group improved statistically significantly (P <.05) in role/
emotional (3.9). Furthermore, both groups improved statisti-
cally significantly in the mental component summary (HIIT
4.8 vs MICT 3.8; P<.095).

The impact magnitude of the differences between the
HIT and MICT groups is shown in Table 8. Furthermore,
there was a moderately significant difference in body pain
between the 2 groups (ES=0.75), indicating that physical
pain improved more with MICT than with HIIT. For all of
the SF-36v2 subscales, there were no statistically significant
interaction effects (P >.05).

Discussion

HIIT has been shown in several trials to enhance health-related
outcomes such as aerobic capacity, insulin sensitivity, body
composition, and HDL-C.*>*%-! However, there is insufficient
information on the impact of HIIT on these health-related out-
comes in elderly. The goal of this study was to investigate how
a high intensity interval training (HIIT) program affected sev-
eral health-related outcomes in elderly women.

Regular aerobic exercise training has been shown to lower
body mass by increasing the quantity of calories spent.®? HIIT
programs performed 3 to 4 times per week for 8 to 16 weeks
in healthy men and women, metabolic syndrome patients, and
overweight and obese elderly, on the other hand, have shown
inconsistencies in their findings regarding body composition,
specifically body mass.3*38:60.63-65 K eating et al®> and Wallman
et al® discovered no significant body mass decrease with
either HIIT or overweight people. This lack of improvement
might be due to a gradual increase in the length of HII Tsessions
over a 12-week period, with individuals only maximizing
calorie expenditure in week 5 (HIIT: 20-24min vs MICT:
36-45min).% Furthermore, the exercise intervention could
not have been long enough (8 weeks).®* Trapp et al*® discov-
ered a substantial decrease in body mass after 15weeks of
HIIT. Although no statistically significant change in calorie
expenditure treatments was discovered, HIIT resulted in
higher calorie expenditure over time.

Furthermore, Schjerve et al® and Tjonna et al*® discovered
a substantial reduction in body mass in the HIIT group with a
12 to 16 week intervention in obese individuals and patients

with metabolic syndrome. This similar drop may be due to the
isocaloric nature of HIIT, as predicted. However, despite the
fact that the 2 protocols were isocaloric, the body mass of the
HIIT participants was not significantly reduced, whereas the
MICT group obtained a considerable body mass reduction of
1.3kg.This lack of significant change in body mass in the
HIIT group may be attributed to an increase in muscle mass.%
As Mitranun et al®’ reported a significant increase in quadri-
ceps and hamstrings muscle strength with 12 weeks of cycle
ergometer based HIIT in type 2 diabetic patients. Although a
measurement of muscle mass and strength was not included
in this study, the HIIT and MICT participants had similar
reductions in body fat percentage and abdominal diameter
following the intervention. This suggests that leg muscle
mass was increased due to the nature of cycle ergometer
incline during the HIIT program, therefore compensating for
the lack of change in body mass.

Despite the fact that there was little change in body mass
and no controlled dietary intervention, this study indicated
that frequent participation in HIIT can considerably amelio-
rate abdominal obesity. This is critical since excess body fat
accumulation, particularly in the abdominal area, has been
identified as an independent risk factor for insulin resistance,
cardiovascular disease, and mortality. HIIT is therefore
thought to improve body fat percentage and abdominal obe-
sity, however a corresponding effect on body mass is not
always obvious. It might be argued that the primary goal of
elderly fitness training should not be weight loss, but rather
visceral adiposity reduction, which would result in a lower
risk of cardiovascular and metabolic disorders.®

It has been proposed that those with higher levels of insu-
lin resistance have a stronger metabolic response to exer-
cise.”” Despite the fact that the MICT group had higher
insulin levels at baseline than the HIIT group, the latter group
showed a bigger drop in fasting insulin, resulting in a lower
death rate. Although the findings with HIIT were not signifi-
cant, it is hypothesized that HIIT may improve insulin sig-
naling and insulin action in muscle, resulting in lower
intracellular buildup of TG and higher fatty acid oxida-
tion.?>* This shows that HIIT has the potential to enhance
insulin metabolism in healthy individuals to a higher extent,
lowering the risk of developing T2DM. This data also implies
that the effect of exercise on insulin activity in muscle is reli-
ant on the intensity of the exercise, as the individuals in both
groups did the same amount of labor.

The time it took participants to complete their blood tests
following post-testing might potentially have an impact on
the study’s findings. Although participants were told they
had 24 h to complete these assessments, this was not always
the case. Exercise has a diminishing effect on insulin sensi-
tivity over time, and insulin sensitivity increases for just 24
to 48 h after the previous session of exercise.”’ Although the
gains in insulin sensitivity were not statistically significant,
individuals in the HIIT group improved their insulin sensitiv-
ity more significantly than the MICT group. Thus, HIIT may
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Table 6. Change in Cardiorespiratory Fitness.

Variables Pre HIIT Post HIIT Pre MICT Post MICT
Termination time (s) 267.5*121.2 376.5+94.2 269 * 154.2 290 +79.8°
Predicted VO, max (ml/kg/min) 19.7=11.1 275+68" 216114 244+7.6
*Trivial practically significant effect within groups (ES = 0.20).

®Small practically significant effect within groups (ES =0.20).

‘Large practically significant effect within groups (ES =0.80).

*Statistically significant difference between pre and post (P <.05).

Table 7. Change in Quality of Life Score.

Subscales of SF-36v2 Pre HIIT Post HIIT Pre MICT Post MICT
Physical functioning 533*+38 545=x 1.1 522+55 52846
Role/physical 523 %55 55.6 42 53.3*26 572+ 1.3*
Bodily pain 543 x7.1 52.7+82 52.6 =4.1 56.4+7.2%
General health 552*65 57346 532*6.6 56.2+6.7
Vitality/energy 57.7x22 58.7x5.6 52.7x6.1 56.6 = 6.3*
Social functioning 53.6 6.7 57.2+27 504+7.6 57.6 = 6.5%
Role/emotional 524x75 574+ 6.9*% 53.6*+33 55.6 £3.7
Mental health 572%63 59.7£52 51.3£75 56.7 + 6.5*
Physical component summary 56.2+43 55.2+56 53.7x57 546=*+75
Mental component summary 544+54 59.2 + 6.4* 523+9.2 56.1 =6.1*

*Statistically significant difference between pre and post (P <.05).

Table 8. Effect Sizes of Quality of Life.

Subscales of SF-36v2 HIIT vs MICT
Physical functioning 0.172
Role/physical -0.44°
Bodily pain -0.75¢
General health -0.54°
Vitality/energy -0.50°
Social functioning -0.40°
Role/emotional -0.36°
Mental health -0.40°
Physical component summary -0.46°
Mental component summary -0.47°

*Trivial practically significant effect between groups (ES = 0.20).
®Small practically significant effect between groups (ES = 0.20).
‘Moderate practically significant effect between groups (ES =0.50).

be able to improve insulin action in elderly to a larger extent
than MICT, implying HIIT as an alternate type of exercise to
improve metabolic health in elderly at risk for insulin
resistance.

Elevated cholesterol levels, particularly LDL-C, are a
major risk factor for cardiovascular disease, and lowering
LDL-C should be the primary goal for elderlypersons diag-
nosed with dyslipidaemia.”! In the current study, neither HIIT
nor MICT resulted in a significant reduction in total choles-
terol or LDL-C. This is consistent with earlier study that used
comparable isocaloric HIIT and MICT programs for 8 to
12 weeks in young women, CAD patients, overweight elderly,

and HF patients.?>3*%47! Furthermore, 8 to 12 weeks of HIIT
conducted by young and middle-aged men with no similar
isocaloric control procedure did not result in substantial
changes in total cholesterol and LDL-C.”>"?

Participants in both groups had high total cholesterol and
LDL-C levels at the start of the trial, putting them at a greater
risk of cardiovascular and metabolic illness.’! Despite no
significant decreases in either group, HIIT resulted in a more
practically meaningful reduction in total cholesterol and
LDL-C, whereas individuals in the MICT group had higher
levels at the conclusion of the intervention period. This is in
contrast to recent research, which found that continuous aer-
obic exercise resulted in higher improvements in these vari-
ables than an isocaloric HIIT program in overweight and
obese individuals and HF patients.>-%0-7

Improving and maintaining functional capacity is critical
to avoiding physical deterioration as we age.*> Both HIIT
and the MICT group improved their functional capacity sig-
nificantly in the current study, as determined by the timed-
up-and-go test (TUG). This is significant because it shows
that elderly persons participating in HIIT may enhance and
maintain their physical function and mobility as they age.
This allows individuals to maintain their independence by
improving their capacity to undertake daily activities.

This study’s findings are consistent with those of Adamson
et al®® and Nilsson et al,>’ who found that 8 weeks of HIIT
improved functional capacity as determined by the 6 min
walk test, TUG, sit to stand test, and 50 m load walk test in
middle-aged people and HF patients. Furthermore, Koufaki
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et al’”® and Freyssin et al*’ found that 8 to 24 weeks of HIIT
improved functional capacity in HF patients as determined
by the 6-min walk test, sit-to-stand test, and gait speed ana-
lyzes. Both trials contained HIIT routines, however they
were not isocaloric.

Improving cardiorespiratory fitness is an important ele-
ment of living a healthy lifestyle since poor fitness levels are
associated with an increased risk of early mortality from any
cause, including cardiovascular disease.’! Cardiorespiratory
fitness, as determined by the Bruce protocol in this study,
was considerably enhanced with HIIT compared to MICT.
The HIIT group outperformed the MICT group in terms of
projected VO2max. These findings are comparable to similar
isocaloric HIIT programs,***%0 which found a 35%, 33%,
and 46% increase in VO,max with HIIT in obese elderly, HF,
and metabolic syndrome patients, respectively.

The current study demonstrates that training intensity, not
volume, is the most important factor in enhancing cardiore-
spiratory fitness, which is the core training premise of HIIT.
More research is needed to determine whether elderly can
achieve these superior improvements in a shorter time span,
as previous evidence suggests that increases in cardiorespira-
tory fitness with HIIT occur in only 50% to 60% of the time
required for the same gain with continuous aerobic exercise
in middle-aged elderly.%

Both HIIT and MICT improved various areas of quality of
life significantly. The HIIT group participants reported sub-
stantial improvements in role-emotional and mental compo-
nent summary. This correlates to improved emotional
wellbeing in the workplace, as well as improved mental
health and emotional well-being overall. Participants in the
MICT group, on the other hand, reported substantial improve-
ments in role-physicality, vitality and energy, social func-
tioning, mental health, and mental component summary.
This leads to an improvement in the physical elements of the
workplace, an increase in energy levels and weariness, an
improvement in the quality and quantity of social connec-
tions, and an overall improvement in mental health and emo-
tional well-being. This shows that the MICT group improved
more SF-36v2 subscales than the HIIT group, contributing to
an improved overall quality of life. Surprisingly, the MICT
group reported a somewhat significant reduction in physical
pain following the intervention, but the HIIT group reported
a deterioration in bodily pain.

The findings of the present study are in contrast with pre-
vious research which found that HIIT improved quality of
life more than MICT®"® in heart disease patients. This
improvement may be attributed to participants finding more
intensive physical training to be more rewarding.®' The
opposite was true for the present study and this difference
may be attributed to the age of the participants and the poten-
tial for recovery. The lack of significant improvement in
quality of life may be due to an increased incidence of bodily
pain or muscle soreness as a result of HIIT. As recovery
between sessions was only one full day, the incidence of

bodily pain experienced by the HIIT group may have reduced
overall physicality as indicated by the physical component
summary, thereby contributing to a reduced quality of life,
despite an improvement in the mental component summary.
Recent evidence suggests that elderly are able to signifi-
cantly improve aerobic capacity, physical function and glu-
cose control by completing 2 sessions of HIIT per week
compared to 3.* This would allow elderly sufficient recov-
ery time while still attaining the associated health benefits of
HIIT.

The current study’s findings contradict prior studies that
revealed HIIT enhanced quality of life in heart disease
patients.®""’® This improvement might be attributable to indi-
viduals finding more intense physical exercise more enjoy-
able.®! The contrary was true in the current investigation,
which might be attributable to the subjects’ age and the pos-
sibility of recovery. The absence of substantial improvement
in quality of life might be attributed to an increase in body
pain or muscular stiffness as a result of HIIT. Because recu-
peration between sessions was just one full day, the HIIT
group’s incidence of body discomfort may have lowered
overall physicality, as shown by the physical component
summary, resulting to a lower quality of life despite an
improvement in the mental component summary. Recent
data reveals that people can considerably increase their aero-
bic capacity, physical function, and glycemic management
by doing 2 HIIT sessions per week instead of 3.4 This would
give people enough time to recuperate while still reaping the
health advantages of HIIT.

Previous studies discovered that HIIT is safe, efficient,
and low-risk for healthy elderly persons. This conclusion
was reinforced by 4 studies that demonstrated no negative
effects after 8§ to 16weeks of HIIT in HF and CAD
patients.**1-7177 Rognmo et al”’ studied the safety of HIIT in
4846 individuals with coronary artery disease. The results
showed that there is a minimal probability of a cardiovascu-
lar event occurring during HIIT, with just 2 non-fatal cardiac
events occurring during HIIT.”” Healthcare specialists have
previously judged HIIT contentious for the treatment of
high-risk patients.*'’8 However, no negative effects have
been documented in comparison to huge improvements,
therefore HIIT can be recommended for a wide variety of
particular groups, including elderly. However, prior study
participants were deemed stable, therefore HIIT may not be
suited for some illness groups. In conclusion, when partici-
pants are properly screened and enough contact with the
patient’s doctor is maintained, HIIT can be a safe exercise
alternative for high-risk people and elderly.

Limitations

First of all, the sample size was insufficient because a larger
population is required to boost the reliability of the findings.
Second, the use of the Bruce protocol in this study was con-
strained and might have underestimated the subject’s level of
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cardiorespiratory fitness. Several of the test subjects were
unaccustomed to the test’s first slope of 10 degrees because
it does not simulate daily walking. Due to the rapid increase
in heart rate brought on by the steep hill, people reached their
target heart rates earlier than intended. Given that no adverse
effects associated to any cardiac events were observed and
the HIIT exercise sessions were done at a close to maximal
intensity, a more realistic assessment of cardiorespiratory fit-
ness should have been employed. Even a maximal exercise
test should have been used.

Although it was requested that participants keep their exist-
ing way of life, level of physical activity, and food while tak-
ing part in the study, this was not monitored, and the degree to
which they followed these instructions was not assessed. The
inability to regulate how long after post-testing subjects waited
to have blood collected for measurements of insulin resistance
and the blood lipid profile was another drawback of this study.
The metabolic blood measurements may have been impacted
by the delay, even though they were supposed to see Pathcare
24h after post-testing. Finally, the lack of a measurement of
leg muscular strength or mass may have contributed to the
HIIT group’s inability to experience a change in body mass.

Conclusions

In conclusion, 16 weeks of HIIT resulted in positive health-
related outcomes in elderly. Elderly who participated in an
HIIT program had similar or higher changes in body compo-
sition, insulin resistance measurements, cardiorespiratory
fitness, and functional ability. These advantages advocate
HIIT as an alternative training regimen for elderly. In addi-
tion, future research should focus on developing an ideal
workout program for elderly that combines HIIT with other
types of training.
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