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Background: Human adaptive response to exercise interventions is often described as
group average and SD to represent the typical response for most individuals, but studies
reporting individual responses to exercise show a wide range of responses.

Objective: To characterize the physiological effects and inter-individual variability on fat
mass and other health-related and physical performance outcomes after 12 weeks of
high-intensity interval training (HIIT) and dietary energy restriction in overweight/obese
adult women.

Methods: Thirty untrained adult overweight and obese women (age = 27.4 + 7.9 years;
BMI = 29.9 + 3.3 kg/m?) successfully completed a 12-week supervised HIIT program and
an individually prescribed home hypocaloric diet (75% of daily energy requirements)
throughout the whole intervention. High and low responders to the intervention were those
individuals who were able to lose > 10 and < 10% of initial absolute fat mass (i.e.,
kilograms), respectively.

Results: The prevalence for high and low responders was 33% (n = 11) and 66% (n = 19),
respectively. At the whole group level, the intervention was effective to reduce the absolute
fat mass (30.9 + 7.2 vs. 28.5 + 7.2 kg; p < 0.0001), body fat percentage (39.8 + 4.3 vs.
37.8 +4.9%; p < 0.0001), and total body mass (76.7 = 10.1 vs. 74.4 + 9.9 kg; p < 0.0001).
In addition, there were improvements in systolic blood pressure (SBP; A% = —5.1%),
diastolic blood pressure (DBP; A% = —6.4%), absolute VO,peak (A% = +14.0%), relative
VO,peak (A% = +13.8%), peak power output (PPO; A% = +19.8%), anaerobic threshold
(AT; A% = +16.7%), maximal ventilation (VE; A% = +14.1%), and peak oxygen pulse (O,
pulse; A% = +10.4%). However, at the individual level, a wide range of effects were
appreciated on all variables, and the magnitude of the fat mass changes did not correlate
with baseline body mass or fat mass.
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Conclusion: A 12-week supervised HIIT program added to a slight dietary energy
restriction effectively improved fat mass, body mass, blood pressure, and cardiorespiratory
fitness (CRF). However, a wide range of inter-individual variability was observed in the
adaptative response to the intervention. Furthermore, subjects classified as low responders
for fat mass reduction could be high responders (HiRes) in many other health-related and
physical performance outcomes. Thus, the beneficial effects of exercise in obese and
overweight women go further beyond the adaptive response to a single outcome variable
such as fat mass or total body mass reduction.

Keywords: exercise, high-intensity interval training, overweight, interindividual variability, individual response,

women

INTRODUCTION

Human adaptive response to exercise interventions is often
described in general terms, assuming that the group average
and SD are sufficient to represent the typical response for
most individuals (Mann et al., 2014). However, studies reporting
individual responses to exercise are usually heterogeneous,
showing a wide range of responses to the interventions rather
than a similar response (Bouchard and Rankinen, 2001; King
et al., 2008; Scharhag-Rosenberger et al., 2012; Bonafiglia et al.,
2016; Gurd et al., 2016; Parr et al., 2016; Alvarez et al., 2017a;
de Lannoy et al,, 2017; Sparks, 2017; Williamson et al., 2017;
Chrzanowski-Smith et al., 2019; Ross et al., 2019). Thus,
research attempting to quantify, predict, and explain inter-
individual variability to exercise training has grown gradually
(Chrzanowski-Smith et al., 2019). This heterogeneity has been
linked to physiological, genetic, and epigenetic factors (Sparks,
2017; Hagstrom and Denham, 2018). Following this, recent
literature has dichotomously classified individuals as either
“responders/non-responders” or “high responders (HiRes)/low
responders (LoRes)” using a pre-determined threshold. The
most commonly used criteria are: clinical cut-off points (Mann
et al., 2014; Parr et al, 2016; Alvarez et al, 2019), within-
subjects coefficient of variation (CV) (Scharhag-Rosenberger
et al., 2012; Astorino and Schubert, 2014), typical error of
measurement (TE) (Ross et al., 2015; Montero and Lundby,
2017), or two times the typical error (2x TE) (Bouchard et al.,
2012; Bonafiglia et al., 2016, 2018; Gurd et al., 2016; Raleigh
et al, 2016; Alvarez et al, 2017a; de Lannoy et al.,, 2017;
Astorino et al., 2018). Concerning exercise, most studies have
focused on heterogeneity of the cardiorespiratory fitness (CRF)
adaptations to training (Bouchard and Rankinen, 2001; Scharhag-
Rosenberger et al., 2012; Ross et al., 2015, 2019; Williamson
et al., 2017). Few studies explore the inter-individual variability
in body composition and exercise-induced fat mass changes
(King et al., 2008; Alvarez et al., 2017a; Andreato et al., 2019).
This research topic is essential because overweight and obesity
have emerged as the leading health concerns during the last
decades (Heymsfield and Wadden, 2017), and it is expected
that by 2025 global obesity prevalence will reach 18% in men
and surpass 21% in women (NCD-RisC, 2016). The global
combined prevalence of overweight and obesity [i.e., body
mass index (BMI) > 25 kg/m?] is currently estimated to

be over 38% (Ng et al., 2014). Furthermore, obesity is associated
with expanding white adipose tissue (adipocyte hypertrophy)
and visceral adiposity, producing metabolic dysregulation
resulting from the associated pro-inflammatory and insulin-
resistant phenotype (Vazquez-Carrera, 2016; Hepler and Gupta,
2017). Thus, adiposity is a strong predictor of morbidity and
mortality (Verheggen et al., 2016). Obesity is usually treated
through behavioral changes involving exercise and nutrition
(Petridou et al., 2019). Exercise represents an effective strategy
to reduce body mass and improve health, being the lack of
exercise one of the main factors associated with obesity (Booth
et al., 2012). Moreover, high-intensity interval training (HIIT)
has proven to be superior to traditional exercise programs in
reducing fat mass and improving CRF in adults with obesity
(Turk et al, 2017). This finding is important because some
results support the idea that women have particular metabolic
characteristics such as greater reliance on fat oxidation than
men during submaximal exercise. However, they also indicate
that this greater fat oxidation is reached at higher exercise
intensities in women than men (Cheneviere et al., 2011).
Therefore, the present study aimed to characterize the
physiological effects and inter-individual variability on fat mass
and other health-related and physical performance outcomes
after 12 weeks of HIIT in overweight/obese adult women.

MATERIALS AND METHODS
Study Design and Participants

A group of untrained adult overweight and obese women were
studied, all referred by a physician to the supervised exercise
program in our research center. Ethical approval for the study
was provided by Scientific Ethics Committee at Universidad
de La Frontera (Protocol N°112/16). The study was conducted
according to the Helsinki Declaration. All volunteers received
information about the protocol and provided written consent
before the beginning of the study.

The inclusion criteria were: (a) women aged 18-45 years;
(b) diagnosed with overweight or type 1 or 2 obesity (BMI
between 25 and 39.9 kg/m?); (c) untrained (not involved in
regular physical activity or exercise program during the previous
6 months); (d) pre-menopausal women; and (e) previously
screened by a physician professional. The exclusion criteria
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were: (a) previously diagnosed diseases, such as diabetes
mellitus, hypertension, myocardial infarction, and class III
obesity; (b) receiving pharmacologic corticoids, metformin,
or other drugs that may affect metabolism; (c) smoking habit;
(d) history of bariatric surgery; (e) untreated hypothyroidism;
and (f) skeletal muscle disabilities or a specific indication to
avoid exercise by medical reasons. Attendance to a minimum
of 70% (26/36 sessions) of the exercise program duration was
fixed as the cut-off point for individual compliance for subjects
included in the final statistical analyses. A structured medical
history record and physical examination were performed on
105 adult women for enrolment purposes. Forty-three subjects
met all the inclusion criteria, and 30 of them were finally
studied. This study used a non-probabilistic sample aiming
to separate high and low responders to a 12-week exercise
program. In this study, HiRes to exercise intervention were
those individuals who were able to lose > 10% of initial
absolute fat mass (i.e., kilograms), and LoRes were individuals
who lost < 10%, similar to previous studies that have also
used clinical cut-off points for this classification (Milagro
et al., 2013; Parr et al.,, 2016). The study design is shown in
Figure 1. Anthropometry/body composition, endurance

performance, resting blood pressure, fasting glucose and insulin,
and lipids levels, were assessed before and after the 12-week
follow-up. Participants performed a supervised progressive
exercise program three times a week on non-consecutive days,
and it consisted of high-intensity cycling intervals interspersed
with recovery inactive periods. Dietary intake was considered
a control variable. To this purpose, all subjects were assessed
and had nutrition counseling by the study nutritionist and
instructed to follow an individually prescribed home hypocaloric
diet (75% of daily energy requirements) throughout the
whole intervention.

Anthropometric/Body Composition and
Cardiovascular Measurements

The initial assessment was carried out to record socio-
demographic, physical, and physiological characteristics. Body
mass, fat mass, body fat percentage, and fat-free mass (FFM)
were assessed with the subject barefoot, wearing underclothes,
and no metal objects using a Tanita™ foot-foot bioelectrical
impedance analyzer (BIA; Tanita Corporation, model BC-541,
Japan). Its prediction formula has been previously validated,
showing high reproducibility (Jebb et al., 2000). Height was

Enrollment

Assessed for eligibility (n=105)

Not included (n=62)

Smokers (n=14)
T2D/HTN/MI (n=12)
Use corticosteroid/metformin (n=9)

Type 3 Obesity (n=8)
Normal Weight (n=5)

Study sample (n=43)

Not treated Hypothyroidism (n=6)
Others (n=8)

Initial Evaluation (n=43)

( Intervention ]

HIIT Intervention (n=43)

Lost to follow-up

\

Not associated sickness condition (n=4)
Sudden schedule incompatibility (n=8)

' Follow-Up J

Final evaluation (n=31)

Excluded from analysis

Exercise training compliance less than
70% (n=1)

Analyzed (n=30)

" avatys )

High Responders (n=11)

Low Responders (n=19) ‘

FIGURE 1 | Study design.

Frontiers in Physiology | www.frontiersin.org

July 2021 | Volume 12 | Article 713016


https://www.frontiersin.org/journals/physiology
www.frontiersin.org
https://www.frontiersin.org/journals/physiology#articles

Andrade-Mayorga et al.

Inter-Individual Variability to 12-Week HIIT

measured without shoes to the nearest millimeter with a
stadiometer (Seca model 213, Hamburg, Germany). BMI was
calculated using the formula weight divided by height squared
(kilograms per square meter). The systolic and diastolic blood
pressures (DBPs) were determined using an automatic monitor
(Omron HEM-7114; Omron Healthcare) in duplicate and after
15 min of complete rest with the subjects in a supine position.
The heart rate (HR) was measured at rest in similar conditions
using a telemetric heart rate sensor (Polar model V800, Finland).

Endurance Performance Assessment/
Incremental Exercise Test

Endurance performance was assessed 1 week before and
after the 12-week intervention during an incremental exercise
test designed to obtain peak oxygen consumption (VO,peak).
In brief, the VO,peak test consisted of free-wheel pedaling
for 2 min at 70-80 RPM on a cycle ergometer (Lode Corival,
Groningen, The Netherlands), followed by an initial 50 W
load for 2 min and 25 W increments every 2 min until
the participant reached volitional fatigue. Gas exchange was
collected throughout the test using an indirect calorimeter/
ergospirometer system (Ultima CPX™ metabolic system,
Medgraphics, Minnesota, United States), which was calibrated
before the exercise test. Additionally, it was measured the
peak power output (PPO), anaerobic threshold (AT),
respiratory exchange ratio (RER), peak oxygen pulse (O,
pulse; VO,peak/HRmax during the exercise test), ventilation
(VE), and respiratory rate (RR). HR was monitored with a
continuous telemetric HR sensor (Polar model V800, Finland)
throughout the whole test.

Exercise Training Intervention

Participants performed a 12-week supervised HIIT program,
with training sessions three times a week on non-consecutive
days. The exercise session consisted of 1-min cycling at a high
intensity (workload during each interval was set to achieve
muscle failure at the end of 1-min exercise period and reaching
~85-100% maximal heart rate obtained during the incremental
exercise test), followed by a 2-min inactive resting period
(sitting on the cycle ergometer), and repeated 10 times (I1x2x10
protocol; 1:2:10 to work: rest: repetitions, respectively). In
summary, the total duration of one session of the 1x2x10
protocol was 30 min, with 10 min of effective exercise training,
and without a warm-up or cool-down period. All exercise
sessions were individually supervised to achieve muscle fatigue
at each exercise interval as the primary indicator of intensity
together with a continuous heart rate monitoring (Polar V800,
Polar™, Finland) in order to supervise that the chronotropic
response was expected according to previously found with the
same HIIT exercise protocol (Andrade-Mayorga et al.,, 2020).
Load progression was defined as the gradual increase in workload
developed when the subject failed to reach muscle failure at
the end of the 60-s exercise interval, monitored individually
on a series-by-series and session-by-session basis. Thus, the
load progression increased in parallel to the increment in the
work capacity of each individual.

Dietary Assessment and Hypocaloric Diet
Participants were instructed to follow an individually designed
hypocaloric diet [75% of estimated energy requirements (EERs)],
equivalent to 1,354 + 114.5 kcal/day, throughout the 12-week
study period to control the dietary intake. A 24-h diet recall
and a modified food choice questionnaire (7 days) were applied
at baseline (Salvador Castell et al., 2015). Total energy expenditure
(TEE) was estimated using the factorial method based on their
reported daily physical activity (FAO/WHO/UNU, 2004; Levine,
2005). In brief, basal metabolic rate (BMR) was estimated using
the Mifflin-St. Jeor equation (Cancello et al., 2018), additional
caloric requirements were determined based on each subject’s
physical activity level (PAL), which were used to calculate the
PAL index, TEE, and the 75% EER. Subjects had individual
monthly meetings with the nutritionist during the 3-month
intervention to encourage compliance. Dietary compliance was
assessed using an instrument adapted from the Perceived Self-
Regulatory Success in Dieting Scale (Meule et al., 2012), where
each subject’s perceived adherence was quantified using a five-
point Likert scale. The nutritional intervention excluded the
use of nutritional supplements.

Statistical Analysis

GraphPad Prisma statistical software 7.0 (San Diego, CA,
United States) was used. The normal distribution of all the
variables was tested using the D’Agostino-Pearson test. All
the continuous variables were expressed as mean + SD. The
differences between quantitative variables were analyzed by
paired t-test (intra-group differences pre- and post-
intervention) or unpaired t-test for independent groups
(between-groups difference within time points). Gardner-
Altman estimation plots, which show individual values, means,
and effect size with a 95% CI, were developed using Estimation
Statistics for Data Visualization (Ho et al, 2019). The
correlation between the magnitude of the fat mass responses
and baseline anthropometric measures was calculated using
Pearson correlation coeflicient with 95% CIs. The level of
significance used in all comparisons was p < 0.05.

RESULTS

From the initial cohort, 30 adult women (age = 27.4 + 7.9 years;
BMI = 29.9 + 3.3 kg/m?*) successfully completed the 12-week
intervention. All participants tolerated the exercise program
well, and there were no injuries during the intervention. The
baseline demographic, physical, and physiological characteristics
of the participants are presented in Table 1.

At the group level, the intervention induced a reduction
of absolute fat mass (i.e., kilograms) by 7.8% (30.9 + 7.2
vs. 285 = 7.2 kg; p < 0.0001; Figure 2A). The effect size
of this group reduction in absolute fat mass was a mean
difference of —2.4 kg (95%CI —3.23 to —1.76; Figure 2B).
In addition, this group reduction in fat mass was also
evidenced as a decrease in body fat percentage (fat mass
divided by total body mass, multiplied by 100; 39.8 + 4.3
vs. 37.8 = 4.9%; p < 0.0001). On an individual level, wide
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TABLE 1 | Baseline demographic, physical, and physiological characteristics of the participants.

Variable All Low responders High responders p value
(N =30) (N =19) (N=11) (LoRes vs. HiRes)
Demography
Age (years) 27.4+79 27.6 +£8.6 272+7.2 0.898
Physical Activity
Physical activity level index 1.39 + 0.08 1.38 + 0.08 1.41 + 0.09 0.437
Metabolic and Nutritional
BMR (kcal/day) 1,295 + 54.3 1,283 £ 55.7 1,314 + 48.1 0.143
TEE (kcal/day) 1805 + 152.7 1,778 £ 159.9 1852 + 133.4 0.140
75% EER (kcal/day) 1,354 + 114.5 1,333 £ 119.9 1,389 + 100.1 0.140
Anthropometry/Body
composition
Body mass (kg) 76.7 £10.1 77.2+98 761111 0.788
BMI (kg/m2) 29.9+3.3 30.6 £3.3 28.8+3.0 0.159
Fat mass (kg) 309=+7.2 31.6+£6.9 29.8+8.0 0.533
Body fat percent (%) 39.8 +4.3 40.5+4.0 38.6 +4.9 0.246
FFM (kg) 459+ 3.5 45.6 + 3.5 46.3 + 3.5 0.610
Cardiorespiratory fitness
VO,peak (ml-min~7) 1,800+ 249 1,750 + 230 1,888 + 266 0.146
VO, peak/FFM (ml-kg~"-min~") 39.2 +3.9 38.3+3.6 40.7 + 3.9 0.106
Cardiovascular
O, pulse (ml/beat) 10.3+1.5 102+1.6 104 +1.2 0.683
Systolic BP (mmHg) 1102 £ 8.7 1109 £ 8.4 108.9 + 9.4 0.575
Diastolic BP (mmHg) 73675 73.2+87 742 +52 0.739
Mean BP (mmHg) 85.8+7.2 85.7+7.9 85.8 +6.2 0.996

Data are shown as mean and + SD. LoRes, low responders; HiRes, high responders; BMR, basal metabolic rate; TEE, total energy expenditure; EER, estimated energy requirement;
BMI, body mass index; FFM, fat-free mass; VO.peak, peak oxygen consumption; and BR, blood pressure.

inter-individual variability was found for absolute fat mass
reduction (Figure 2C), allowing to separate individuals who
lost > 10% of initial absolute fat mass (i.e., kilograms) and
individuals who lost < 10% of initial absolute fat mass, and
classify them as HiRes or LoRes, respectively. The prevalence
for HiRes was 33% (n = 11; Figure 2C, gray bars) and
LoRes was 66% (n = 19; Figure 2C, black bars). The reduction
in absolute fat mass in HiRes was 18.3% (A:—4.7 kg; 29.8 + 8
vs. 252 + 6.9 kg p < 0.0001) and in LoRes was 3.6%
(A:—1.1 kg; 31.6 £ 6.9 vs. 30.5 = 6.7 kg; p < 0.0001), and
the between-groups comparisons in the post-intervention
values were statistically significant (p < 0.05). It is noteworthy
that HiRes and LoRes groups were statistically similar in
the demographic, physical, and physiological variables assessed
at baseline (Table 1). Moreover, there was no difference in
hypocaloric diet compliance between HiRes and LoRes
(3.6 + 0.5 vs. 3.3 + 3.5 points; p = 0.3211). Numbers on
top of each column in Figure 2C represent the identification
number of each subject according to their order of magnitude
in the individual response to reduce fat mass after the
intervention. These numbers and the classification as HiRes
or LoRes to reduce fat mass were maintained in the subsequent
figures to identify the individual response of these same
subjects in the other study variables. Furthermore, it is
important to mention that the magnitude of the fat mass
changes did not correlate with baseline body mass (r = —0.221,
p = 0.242) or fat mass (r = —0.069, p = 0.716).

At the group level, there was a reduction in total body
mass (76.7 + 10.1 vs. 74.4 + 9.9 kg p < 0.0001; Figure 3A).
The effect size of this group reduction in body mass was a
mean difference of —2.36 kg (95%CI —3.43 to —1.61). Individual
changes in body mass from highest to lowest response are
presented in Figure 3B, with HiRes represented with gray
bars and LoRes with black bars (the subject number is the
same as Figure 2C). The reduction in body mass in HiRes
was 6.3% (76.1 £ 11.1 vs. 71.3 + 9.9 kg; p < 0.0001) and in
LoRes was 1.3% (77.2 = 9.8 vs. 76.2 = 9.7 kg; p = 0.0004)
but without statistically significant difference between groups
observed in the post-intervention values. Moreover, there were
no significant pre-post changes in FFM (459 £ 3.5 vs.
459 + 35 kg; p = 0.8813).

Related to CRE for the whole group, there was an increased
absolute VO,peak by 14.0%. Paired t-tests revealed differences
between baseline and after intervention measures for absolute
VO,peak (1,800 + 249 vs. 2,094 + 328 ml/min; p < 0.0001;
Figure 4A) and for VO,peak relative to FEM (VO,peak/FFM;
39.2 £ 3.9 vs. 455 £ 5.6 ml/kg/min; p < 0.0001; Figure 4C).
The effect size of this group increment in absolute VO,peak was
a mean difference of +294 ml/min (95%CI 213-374), and for
VO,peak/FEM was +6.35 ml/kg/min (95%CI 4.57-8.14). Individual
changes in absolute and relative VO,peak are presented in
Figures 4B,D, respectively. VO,peak relative to total body mass
was not used considering pre-post differences in total body mass.
The increment in absolute VO,peak in HiRes was 14.9%
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(1,888 + 266 vs. 2,169 + 322 ml/min; p = 0.0004) and in LoRes
was 17.2% (1,750 £ 230 vs. 2,051 + 332 ml/min; p < 0.0001)
but without statistically significant difference between groups
observed in the post-intervention values. Furthermore, there were
significant improvement in exercise performance, measured as
increases in PPO by 19.8% (128.3 + 17.0 vs. 160.0 + 242 W;
p < 0.0001), AT by 16.7% (58.0 119 vs. 69.6 + 142 W,
p = 0.0025), and maximal ventilation (VEmax) by 14.1%
(66.3 = 152 vs. 772 £+ 13.7 L/min; p = 0.0021). There was no
pre-post change in maximal respiratory rate (RRmax; 36.9 + 8.2
vs. 39.2 + 5.5 breath/min; p = 0.05).

+
+

p < 0.0001; Figure 5A), which is a measure of
maximum oxygen consumed per heartbeat. The effect size of
this group increment in peak O, pulse was a mean
difference of +1.2 ml/beat (95%CI 0.91-1.65]. Individual changes
in peak O, pulse are presented in Figure 5B. In addition,
decreases of 5.1 and 6.4% were observed for systolic blood
pressure (SBP; 110.2 + 8.7 vs. 104.9 + 8.4 mmHg; p = 0.02;
Figure 5C), and DBP (73.6 = 7.5 vs. 69.2 + 6.8 mmHg;
p = 0.0003; Figure 5E), respectively. The effect size of this
group reduction in SBP was a mean difference of —5.3 mmHg
(95%CI —3.83 to —6.87), and for DBP was —4.4 mmHg (95%CI

Within the cardiovascular adaptations to 12-week —2.57 to —6.63). Individual changes in SBP and DBP are
exercise intervention, a 10.4% increase was observed in the presented in Figures 5D,F, respectively. The reduction in SBP
group average for O, pulse (10.3 + 1.5 vs. 11.5 + 1.6 ml/beat; in HiRes was 2.7% (1089 = 9.4 vs. 106.0 £ 9.8 mmHg;
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p = 0357) and in LoRes was 5.6% (1109 + 84 vs.
104.7 + 9.1 mmHg; p = 0.03) with a significant difference
only in the LoRes group. When comparing reductions in
DBP levels in the HiRes and LoRes groups, no differences
were found.

DISCUSSION

We characterized the physiological effects and inter-individual
variability on fat mass and other health-related and physical
performance outcomes after 12 weeks of HIIT in overweight/
obese adult women. The uniqueness of the present study was
that it shows the inter-individual variability to HIIT in
overweight/obese young adult women, classified as LoRes or
HiRes for a particular variable, i.e., absolute fat mass reduction,
in response to a specific supervised 12-week exercise program
added to a slight dietary energy restriction. This intervention
caused an improvement in multiple health-related and physical
performance outcomes, i.e., reductions in absolute fat mass
(A% = —7.8%, equivalent to —2.4 kg), body fat percentage
(A% = —-5.0%), total body mass (A% = -3.1%), SBP
(A% = —5.1%), DBP (A% = —6.4%), and increases in absolute
VO,peak (A% = +14.0%), relative VO,peak (A% = +13.8%),
PPO (A% = +19.8%), anaerobic threshold (A% = +16.7%),
maximal ventilation (A% = +14.1%), and O,pulse
(A% = +10.4%). These results agree with several reviews and
meta-analyses demonstrating that HIIT interventions allow
multiple beneficial effects for health in a time-efficient manner,
both in adults with obesity (Turk et al., 2017; Rugbeer et al,
2021) and lifestyle-induced cardiometabolic diseases (Gibala
et al., 2012; Weston et al., 2014; Batacan et al., 2017; Maillard
et al., 2018; Viana et al, 2019). Moreover, the meta-analysis
by Dupuit et al. (2020) shows that cycling HIIT programs
over 8 weeks are most effective in reducing fat and body mass
in women before menopause (Dupuit et al, 2020).
Correspondingly, the systematic review and meta-analysis by

Johns et al. (2014) reported that programs combining exercise
and diet are more effective in the short and long term for
behavioral weight management (Johns et al., 2014). Also, the
systematic review and meta-analysis by Clark (2015) reported
that the combination of exercise and diet is more effective in
producing changes in body composition, recommending
interventions that generate large metabolic stress (induced by
high levels of endurance exercise or resistance training) and
not focused on energy imbalance in overweight adults (Clark,
2015). The reduction of fat mass after behavioral interventions
is essential, as shown in the recent systematic review by Abe
et al. (2021), where changes in total body fat have been
associated with changes in visceral and subcutaneous adipose
tissue following caloric restriction, caloric restriction plus
exercise, and exercise alone interventions (Abe et al., 2021).
However, beyond the good average group responses found in
the present study, a wide range of responses was appreciated
in each study variable individually.

Regarding the cut-oft point used to classify subjects with a
high or low response to the reduction of their absolute fat mass
(kg), mention that there are different methods to make this
differentiation (clinical cut-off points, within-subjects coefficient
of variation, typical error of measurement, or two times the typical
error) but without a consensus on which is the most appropriate
method to differentiate these groups. The criterion used in this
study was similar to previous studies, given an expected biological
expression (Milagro et al, 2013; Parr et al, 2016). Parr et al
(2016) used similar cut-off points to evaluate circulating microRNA
in the bloodstream (c-miR) before and after a 16-week intervention
with exercise and diet in obese/overweight subjects. They observed
that HiRes subjects (>10% reduction) have lower c-miR-935
expression pre- and post-intervention, knowing that c-miR-935
could be involved in modulating the expression of different
metabolism-related genes (Parr et al, 2016). Similarly, Milagro
etal. (2013) used a 5% cut-oft point to assess differential expression
of different miRNA in blood cells between HiRes and LoRes
groups, but in a short-term (8 weeks) diet intervention without
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exercise training in excess body weight women (Milagro et al., 2013).
Furthermore, the relevance of the cut-off point used in this study
is supported by a systematic review comparing the effects of
hypocaloric diet versus exercise (Verheggen et al, 2016), where
the authors demonstrated that in the absence of weight loss,
body fat reduction was much higher with exercise (6.1%) than
diet (1.1%). Therefore, a 10% absolute fat mass reduction is a
reasonably strict cut-off point to judge the failure/success of a
12-week intervention with exercise and diet.

Most of the previous studies reporting inter-individual variability
have shown the prevalence of non-responders for a single outcome
variable but without identifying the individual response of each
subject for the primary variable and comparing it with the other
study variables. For this study, the modification of fat mass was
considered the primary outcome variable since it is a strong

predictor of morbidity and mortality (Verheggen et al, 2016).
Therefore, it was interesting for us to observe the individual
response of each subject on other physical performance and
health-related study variables, maintaining their classification as
high-responder or low-responder for fat mass reduction and their
corresponding identification number in the other study variables.
Thus, subjects with more remarkable changes in fat mass (HiRes;
Figure 2C, gray bars) were also those who had a more considerable
reduction in total body mass (Figure 3B, gray bars); however,
this was not the case for the rest of variables studied. Similar
inter-individual variability to reduce fat mass has been observed
in previous studies reporting the prevalence of non-responders
after a HIIT intervention in subjects with cardiometabolic disorders
(Alvarez et al, 2017b) and after moderate-intensity continuous
training in overweight and obese subjects (Alvarez et al., 2012).
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On the other hand, HIIT produces significant increases in
CRF (Weston et al., 2014), which is highly relevant since improving
VO,peak reduces the risk of all-cause mortality and cardiovascular
events (Kodama et al., 2009). Nevertheless, we observe that
improvement in CRF (i.e., VO,peak) after our 12-week intervention

occurs with wide inter-individual variability, and this seems to
occur independently of the high or low fat-mass response
(Figure 4B, black bars). This pattern did not change when the
VO,peak was normalized by FFM (Figure 4D, black bars). Since
Bouchard et al. (1999) published their article, inter-individual
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variability of VO,peak in response to different exercise interventions
has been one of the most widely reported topics (Bouchard et al.,
1999). However, according to Ross et al. (2015), the frequency
of non-responders decreases until it disappears; with increasing
intensity and duration of a 24-week exercise program (Ross et al.,
2015). Correspondingly, Montero and Lundby (2017) reported
that CRF non-responders prevalence is abolished by increasing
the dose of exercise in a 6-week endurance training program
(Montero and Lundby, 2017).

Similarly, the individual responses for cardiovascular outcomes
after the 12-week intervention showed a wide variability to increase
the peak O, pulse (Figure 5B). This improvement can be interpreted
as a reflection of a greater stroke volume during maximum exercise
(Mezzani, 2017), suggesting cardiac adaptations. Wide individual
variability in reducing systolic and DBP (Figures 5D,F) were
appreciated. It is worth mention that regardless that all participants
in the present study were normotensive, they still showed
improvements in their blood pressure levels, in agreement with
a meta-analysis by Cornelissen and Smart (2013). They found
that different exercise modalities effectively reduce blood pressure
in normotensive and hypertensive subjects (Cornelissen and Smart,
2013). Thus, we could speculate that improvements were produced
on endothelial function after the 12-week HIIT and diet intervention.

Among the numerous factors explaining the wide interindividual
variability on exercise-induced fat and body mass loss, it can
be cited: sex, ethnicity, muscle fiber type, body fat depot, diet,
physical activity, sedentary behaviors, stress, sleep deprivation,
adenovirus-36, and others (Boutcher and Dunn, 2009). Additionally,
genetic and epigenetic factors could be playing a vital role in
this exercise response heterogeneity (Sparks, 2017; Williamson
et al, 2017; Hagstrom and Denham, 2018).

Our results corroborate the understanding that although there
are high and low responders to exercise interventions, this
classification is appropriate only for a single parameter and a
specific exercise protocol. In this regard, Barbalho et al. (2017)
study demonstrated that all participants in a 12-week resistance
training showed improvements in at least one study outcome;
therefore, there were no non-responders (Barbalho et al., 2017).
This topic is genuinely relevant because it can motivate overweight
and obese people to exercise, particularly when a time-efficient
exercise strategy is used (Lidegaard et al, 2016). Thus, exercise
modalities such as HIIT cause greater enjoyment than traditional
programs of moderate-intensity continuous training (Thum et al.,
2017) and in a time-efficient manner (Gillen and Gibala, 2014).
Consequently, participants in these programs must be informed
about the improvements in the different physical and health-
related outcome variables during and after the interventions beyond
reducing fat mass or body mass. This critical information will
increase their adherence and motivation to behavioral changes
to improve their health status.

The strengths of our study include the rigorous design of
the exercise protocol monitored individually on a series-by-
series and session-by-session basis during the 12-week program.
Another strength was the individually prescribed home
hypocaloric diet, as most similar studies acknowledge a lack
of dietary control and only report that subjects were encouraged
to maintain their usual diet during the exercise intervention

period. On the other hand, one of its limitations was the lack
of a no-intervention control group. Another limitation was
using a BIA to measure body composition variables, as this
is not considered the “gold standard” method.

In conclusion, a 12-week supervised HIIT program
added to a slight dietary energy restriction effectively
improved fat mass, body mass, blood pressure, and CRE However,
a wide range of inter-individual variability was observed in the
adaptative response to the intervention. Furthermore, subjects
classified as LoRes for fat mass reduction could be HiRes in
many other health-related and physical performance outcomes.
Thus, the beneficial effects of exercise in obese and overweight
women go beyond the adaptive response to a single outcome
variable such as fat mass or total body mass reduction.
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